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Million-year-old fungus farming in social insects

termites

leaf cutter ants

Million-year-old herding of aphids (“ant cows”) by ants

ants “keeping” aphids

ants “milking” aphids
for honey dew

Two clades of eusocial insects have evolved fungi farming for food: the old-world macrotermitine termites (left,
Macrotermes bellicosus; photo courtesy of Jacques Renoux) and the new-world attine ants (right, Atta
cephalotes; photo courtesy of David Nash). Fungus-growing termites eat unripe mushroom-like structures (the
white nodules on the picture) that contain asexual spores. These spores mix with the consumed plant substrate
in the termite gut and are deposited with the feces on top of the fungus garden. Gardens thus consist mostly of
solid ‘fungus comb’ constructed from primary feces, which later gets consumed entirely. In fungus growing ants
all fruiting and spore production is suppressed. Here the symbiont is propagated vegetatively from the older
bottom to the newer top of a fungus garden. During this process, small fragments of substrate are added to the
mycelial ridges together with fecal droplets that stimulate mycelial growth of the resident symbiont. The same
droplets react antagonistically towards genetically different fungal symbionts from neighboring colonies that
foraging workers might bring in.

Many ants have mutualistic interactions with aphid species. They tend to these aphids like human
pastoralists tend to their livestock, they even “milk” them for sweet honey dew, i.e. excess phloem
from which the protein starved aphids extract amnio acids.

Rove beetles (genus Lomechusa) “keeping” ants

The rove beetle Lomechusa strumosa is completely integrated
in the ant society, in this case Formica sanguinea. In this Picture a Lomechusa beetle is
being fed by a worker ant at one end while pacifying another worker with the secretion from a gland
at the tip of its rear end. Photo: Bert Hölldobler

drugging the ants into subservience!

Arizona Harvester Ant (Formicidae: Pogonomyrmex barbatus) Clearing 10 feet (3 m) across made
by colony of harvester ants (Pogonomyrmex barbatus). The ants carefully remove all plants and
competing root systems from their subterranean nest. They store large quantities of harvested
seeds in underground chambers and fiercely defends these again rodents.
Honey pot ants use fellow ants as storage containers for nectar they harvest. The living “pots” will
regurgitate and share the honey they contain when stroked by their antennae!!

Food storage by other species

Pogonomyrmex barbatus

Farming birds? Eurasian Jay

Myrmecocystus mimicus

Eurasian jays have been observed harvesting sprouting acorns which they planted months
earlier…. a form of accidental farming?
Experts have observed the jays returning to newly growing saplings in the spring. They pull the
plant upwards and remove the fleshy primal leaves that unfold as the first roots go down, but leave
the rest of the sapling untouched. The jay is said to feed these nutritious first leaves, known as
cotyledons, to their young.

Pygmies in Central Africa: by collecting, eating and utilizing wild pants, these hunter gatherers have
profoundly changed the composition of plants on their territories, enriching for useful plants.

Accidental Farming: dropping seeds, roots and cuttings

Serge Bahuchet

last interglacial

7 major ice ages in the last 650,000 years!

You are
here

Evolved by Climate?

Which two species of mammals that use home bases experienced the same
climatic changes as hominids?

Brain for all seasons?
Adaptation to variable ecology, spatially
(mosaic ecosystems, ecotones) and
temporally (intergenerational and transgenerational shifts in climate and
resulting subsistence strategies)?
Not for spotted hyenas nor for baboons

Evolution of temperatures in the Post-Glacial period after the Last Glacial Maximum (LGM)
according to Greenland ice cores. The birth of agriculture corresponds to the period of quickly
rising temperature at the end of the cold spell of the Younger Dryas and the beginning of the long
and warm period of the Holocene.
Zalloua, Pierre A.; Matisoo-Smith, Elizabeth (6 January 2017). "Mapping Post-Glacial expansions:
The Peopling of Southwest Asia". Scientific Reports. 7: 40338.
Diamond, J.; Bellwood, P. (2003). "Farmers and Their Languages: The First Expansions". Science.
300 (5619): 597–603.

Last interglacial:

settlement first (15 kya), then farming (11 kya)

Practice question: Which came first permanent settlements or farming?
Settlements.

Early grass farming: Chogha Golan in Iran 13kya!
wild wheat

domesticated wheat

reduced shattering

Taming the wild. Millennia of cultivation at Chogha Golan in Iran turned wild wheat (upper left) into
domesticated wheat (lower right). SIMONE RIEHL ET AL/UNIVERSITY OF TUBINGEN
Chogha Golan had been occupied continuously between about 12,000 and 9,700 years ago or
even later .
Farming happened first in the Fertile Crescent, a broad region stretching from the Mediterranean
Sea to Iran. Most research over the past decades has focused on the western stretches of the
Fertile Crescent—including modern-day Israel, Palestine, Syria, Jordan and Turkey—in large part
because those were the easiest areas to work in, both logistically and politically. Recent
excavations in those areas have suggested that hunter-gatherers first began to gather and plant
seeds from wild cereals and legumes, such as wheat, barley, and lentils, as early as 13,000 years
ago. Over a few thousand years of such cultivation, the wild forms of these plants mutated into
new, domesticated species that were easier to manage and harvest, making farming more
productive and efficient.

Map of the world showing approximate centers of origin of agriculture and its spread in prehistory:
the Fertile Crescent (11,000 BP), the Yangtze and Yellow River basins (9,000 BP) and the New
Guinea Highlands (9,000–6,000 BP), Central Mexico (5,000–4,000 BP), Northern South America
(5,000–4,000 BP), sub-Saharan Africa (5,000–4,000 BP, exact location unknown), eastern North
America (4,000–3,000 BP)

Centers of origin of agriculture and its spread

Fertile Crescent (11,000 BP)
eastern North America (4,000–3,000 BP)

Yangtze and Yellow River basins (9,000 BP)

sub-Saharan Africa (5,000–4,000 BP)
Central Mexico (5,000–4,000 BP)
New Guinea Highlands (9,000–6,000 BP)

Northern South America (5,000–4,000 BP)

African fertile crescent

prickly waterlily

multi bean

Guinea arrowroot

Shaping the landscape

Practice question name five areas of the world that independently developed farming:
China, Papua New Guinea, Mesopotamia, Central America, West Africa.

Recent description of the African fertile crescent!
Oryza glaberosa
Pennisetum glaucum
Digitaria exilis
Diosocorea species (alata, bulbifera, rotunda, polystacha, esculenta)
AS IT WAS DOMESTICATED, THE AFRICAN YAM GOT BIGGER, STARCHIER, AND MORE
REGULAR IN SHAPE.

Similar intricate terraforming in many locations in East Asia.
Paddy rice produces more food than dry rice. But is much more work intensive.
Practice question: What are the advantages of paddy rice over dry rice and what are the
disadvantages?
Answer: More production, up to three crops a year, much more work intensive, requires
coordination for irrigation.

Ancient rice terraces in Yuanyang County, Yunnan

Walled cities…..Jericho 9000 years ago:

Farming allows for surplus protection, surplus can be stolen and/or taxed.
The vast amounts of taxed surplus need even more protection.

https://www.ancient.eu/image/5690/walls-of-jericho/

Surplus needs protection!

Our common foods have very diverse origins!

Geographical origins of major food crops

Setup for famines and epidemics but also setup for “Glory” and the history of great civilizations
including all the injustices these have brought to humankind..…

Drifting from foraging into farming and herding

A gradual and irreversible sliding into agriculture rather than a revolution?
Practice question: What is wrong about the not in of agricultural revolution?
Answer: the early beginnings of agriculture were likely much more gradual.
Practice question: why was the shift from foraging to farming irreversible?
Answer: The higher population numbers cannot subsist on the altered landscapes.

victims of hunting success?

Man and canaan dogs on lion hunt
(Saudi Arabia 8000 years ago)

desert kites (hunting traps)
in Negev Desert

Fertile Crescent: Farming started in several places at once

Pre-pottery
Neolithic (PPN)
Sites further East!

Excavations in the Fertile Crescent: Tübingen archaeologists found evidence of early agriculture at Chogha
Golan Credit: Simone Riehl Location of Chogha Golan (1) and other important PPN sites in the FC: (2) Ali Kosh,
(3) Chia Sabz, (4) Ganj Dareh Tepe, (5) Sheikh-e Abad, (6) Jani, (7) Tepe Abdul Hosein, (8) M’lefaat, (9) Nemrik,
(10) Qermez Dere, (11) Magzalia, (12) Körtik Tepe, (13) Hallan Cemi, (14) Cayonu, (15) Cafer Hoyuk, (16) Asikli
Hoyuk, (17) Can Hasan III, (18) Nevali Cori, (19) Göbekli Tepe, (20) Akarcay Tepe, (21) Djade, (22) Halula, (23)
Jerf el Ahmar, (24) Mureybet, (25) Abu Hureyra, (26) El Kowm I and II, (27) Bouqras, (28) Abr, (29) Qaramel, (30)
Tell Ras Shamra, (31) Kissonerga, (32) Parekklisha-Shillourokambos, (33) Tell Ghoraifé, (34) Tell Aswad, (35) Tell
Ramad, (36) Yiftah'el, (37) Iraq ed Dubb, (38) Gilgal, (39) 'Ain Ghazal, (40) Netiv Hagdud, (41) Dhra, (42) Jericho,
(43) Nahal Hemar, (44) Wadi Fidan, (45) Beidha, (46) Basta, (47) Dhuweila, (48) Azraq 31, (49) Wadi Jilat 7. PPN
is applied to Iranian sites, because PPNA and PPNB have additional cultural connotations that apply only to
sites in the western and northern part of the FC.

Practice question: What is the evidence for the origin of wheat and barley in the fertile crescent?
Answer: The distribution of their wild counterparts and archeological evidence for non-shattering
ears.

Health effects of farming life:

Practice question: Did the adoption of farming lead to better health of human populations?
Answer: No, it contributed to a range of novel health problem associated with hard work, lack of
dietary diversity and poverty.

dental microwear
enamel
hypoplasia
dental
crowding
joint
disease

dental caries

porotic
hyperostosis

From temporary camps of our foraging ancestors,(still used by present day foragers) human
societies have begun settling inn ever larger settlements, town, cities and mega-cities. Such
changes come with many impacts on the health of the inhabitants.

Settlements

Al-ʿUla
Biaka camp
Catal Hüyük

Uruk

Practice question:
How could larger cities have contributed to disease burden?
Answer: high density of people,
better for spread of infectious disease
likely to cause more social stress
water supply very prone to getting infected
cities rely on trade, trade can bring disease..

Soils and Climate: Cropland & Pastures

Existing croplands and pastures used for humans to produce food.

Soils and Climate: arable lands

Arable lands, many of these are still covered by tropical forests.

Archaeological expertise, data quality, and published excavations.

Lucas Stephens et al. Science 2019;365:897-902

Copyright © 2019 The Authors, some rights reserved; exclusive licensee American Association
for the Advancement of Science. No claim to original U.S. Government Works

Archaeological expertise, data quality, and published excavations. (A) Regional trends in land-use
expertise estimated using a generalized additive mixed model, grouped according to a k-means
clustering algorithm to show regions with similar temporal trends. (B) Regional trends in data
quality. (C) Global trends in expertise and data quality with 95% confidence intervals. (D)
Estimated number of published excavations per region.

Summary of global land-use trends.

Summary of global land-use trends. (A) Generalized additive mixed-model trends for the extent of
each land-use type across all regions with 95% confidence intervals. (B) Cumulative summary of
regions per land-use category based on consensus assessments (Common, >1 to 20% regional
land area; Widespread, >20% regional land area), with presence or absence of urban centers.
Categories are nonexclusive, resulting in plot values >100% for all regions.

Lucas Stephens et al. Science 2019;365:897-902

Copyright © 2019 The Authors, some rights reserved; exclusive licensee American Association
for the Advancement of Science. No claim to original U.S. Government Works

Regional onsets of land-use categories and decline of foraging.

Lucas Stephens et al. Science 2019;365:897-902

Regional onsets of land-use categories and decline of foraging.
(A) Onsets representing the earliest time step assessed at the “common” prevalence level (1 to 20%
land area) for extensive agriculture, intensive agriculture, and pastoralism; the earliest time step
was assessed as “present” for urbanism. (B) Decline representing the latest time step
assessed at the “common” prevalence level for foraging.
Extensive farming most commonly means raising sheep and cattle in areas with low agricultural
productivity, but includes large-scale growing of wheat, barley, cooking oils and other grain crops
in areas like the Murray-Darling Basin in Australia. Here, owing to the extreme age and poverty of
the soils, yields per hectare are very low, but the flat terrain and very large farm sizes mean yields
per unit of labour are high. Nomadic herding is an extreme example of extensive farming, where
herders move their animals to use feed from occasional sunlight.

Copyright © 2019 The Authors, some rights reserved; exclusive licensee American Association
for the Advancement of Science. No claim to original U.S. Government Works

Farming: Independent origins around the world

Farming made civilizations possible through the massive increase in food production. It was a pact
with the devil as far as famines are concerned. Crop failures and wars over surplus goods
continues to lead to massive famines and suffering of the poorest farmers.
Practice question:
What novel risk did agriculture bring for people?
famine
warfare
taxation
social inequality

A mere blink of time in the past, the origin of agriculture, settlements and complex societies with all
their social norms and institutions. Don’t forget, H. sapiens has existed for over 200 thousand years
without such recent innovations.

The Neolithic: 10 thousand years of agriculture
The Neolithic, the anthropocene

Which were the first two mammal species to be domesticated?
Dogs and pigs.

MacHugh et al. Annu. Rev. Anim. Biosci. 2017.

Animal domestication: new “bags of germs”?

Morand S, McIntyre KM, Baylis M. Domesticated animals and human infectious
diseases of zoonotic origins: domestication time matters. Infect Genet Evol. 2014
Jun;24:76-81.

Plant domestication: plant fanciers

Yam in Tonga

Cassava in Nigeria

Radish in Japan

Pumpkin in US

Domesticating animals was a watershed in terms of epidemiological transitions.
Practice question:
What was the contrast in animal domestication between the Old World (Asia and Europe) and the
New World (the Americas)?
Far fewer animals species domesticated in the New World: dogs arrive with first waves from Asia,
turkey and lama/alpaca, and guinea pig.

Evolution of Watermelon

Evolution of the Peach

Evolution of Corn

Practice question: How were watermelons genetically altered to change size from
a berry sized fruit to a large juicy melon?
By selective breeding.

Evolution of the date fruit (by hybridization) now 71 varieties!

The geographic distribution and phylogeny of cultivated date palm
(P. dactylifera) and its wild relatives. (A) Approximate geographic distribution of Phoenix species
included in this study (27). (B) Maximum-likelihood phylogeny of Phoenix species based on a
subset of SNPs from whole-genome
sequencing data.
Practice question: Why is pollen from male date palm collected and sold commercially?
It allows planters to mostly plant female trees and increase their harvests of the sweet fruit.

Flowers et al, PNAS 2019

Evolution of the Apple, over 7000 varieties globally!

The map of apple domestication along the Silk Road. Note that the primary progenitor species M.
sieversii and the “fate determining” species M. sylvestris and M. baccata are distributed in the Tian
Shan Mountains area in central Asia, Europe, and China, respectively. Asi-M. asiatica; Bac-M.
baccata; Dom-M. domestica; Hup-M. hupehensis; Rob-M. robusta; Sie_K-M. sieversii in
Kazakhstan; Sie_X-M. sieversii in Xinjiang, China; Syl-M. sylvestris. Adapted from Duan et al (2017).
Images of the domestication process for apples, relying on hybridization, and resulting in a
domestication complex of Malus spp. Genetic data illustrate the introgression of genes from four
species; the resulting hybrids were cloned and later diversified. The Tien Shan wild apple (M.
sieversii) is on the far left, followed by M. baccata (top), M. orientalis (middle), and M. sylvestris
(bottom). They collectively hybridized into the modern domesticated apple (M. pumila/domestica)
on the left which was diversified through cultivation and further hybridization over the past two
millennia into thousands of landraces. These hybrids are fixed through grafting and cloning, and
today our modern apples reflect at least two millennia of clonal propagation by humans. Note that
the specimen of M. baccata depicted here is an ornamental and likely hybrid; although, studies
show that most wild apples today are the result of considerable crop-to-wild gene flow. Apples on
the left of the figures represent the diversification of the domesticated lineage into landraces, likely
mostly occurring over the past millennium.

Originating from the same weed, all cabbage family crops have been selected
into a wide variety of different vegetables.

Evolution of Brassica, the cabbages

Practice question: What is the advantage of head cabbage with its highly compacted leaves over
leaf cabbage like kale?
Head cabbages can be stored for long periods of time in winter.
Practice question: What is the advantage kale over had cabbage?
Kale is higher in fiber, calcium and several vitamins.

Brassica diversity

Practice question: What is the connection between cabbages and canola oil?
Rapeseed, from which canola oil is made comes from a plant in the brassica
family.

Food Oils, including cabbage oil!!

Olive: Olea Europea

Sesame, Sesamum indicum
Oil Palm, Elaeis guineensis

Walnut: Juglans regia

Shea nut,
Vitellaria paradoxa

Soy, Glycine max

Sunflower,
Helianthus annuus

Canola, Brassica rapa

Peanut, Arachis Hypogea

Coconut, Cocos nucifera

Evolution of the banana

Evolution of the chill pepper

Musa accessions in a germplasm collection at Yucatan, Mexico. A; Musa
coccinea, B: M. velutina, C: M. laterita, D: M. beccarii, E: M. textiles, F: M.
acuminata, G: M. balbisiana, H: dessert banana (AAA), I: plantain (AAB), J:
tetraploid hybrid (AAAB) and K: cooking banana (ABB) with two inflorescences.
(Accessions as described in references

Ecological and cultural interactions shaping diversity of chile peppers (Capsicum annuum L.) across
Mexico. (A) Graphic illustration of SMs as chemical mediators of ecological interactions with wild C.
annuum in natural and semi-managed habitats. (Illustration designed by Frida Isabel Luna-Vallejo).
(B) Map of Mexico showing indigenous territories, contrasted by colors. The symbols identify
particular ecological zones where certain indigenous groups have persisted in modern times. All
indigenous groups represented here have documented uses of chile peppers. (Map elaborated by
Andres Lira Noriega and Araceli Aguilar-Melendez based on data from the authors, SINAREFISNICS-SAGARPA and SNIB/CONABIO 2016; the layer of indigenous territories was provided by
Eckard Boege).
(C) A representative sample of the wider array current morpho-typic diversity and levels of
domestication of chile peppers across Mexico. (Photos by Ivan Montes de Oca Cacheux and
Miguel Angel Sicilia Manzo/Image repository CONABIO).
Practice question: What indicates that chile peppers evolved to have heir seeds spread by birds
rather than mammals?
Answer: The seeds do not survive gut passage in mammals but do in birds, birds do not feel the
capsaicin heat.

Animal domestication: animal fanciers

Practice question: What uses other than as food source have humans bred animals for?
Answer: Display, animal fights, animal sacrifice, beasts of burden, transportation, materials (skin,
horns, wool, etc), and warfare.

Milk Culture: A love story

10 thousand years and 1.3 billion cattle

Long prehistory and history of human love for cattle on several continents.

Holy Cow!

A

Lascaux
30 Kya

Hathora
5 Kya

Minos
4 Kya

Varanasi
2005

Catal Hüyük
7.5 Kya

Wall street
now

7.5 kya process began to select for lactase persistence, the only populations with many individuals
who can digest lactose as adults have histories of stealing milk from other species….
The practice for so advantageous, that lactase persistence mutations were selected at least twice
(in Europe and in East Africa).

Domestication: Culture changing genes

Yuval Itan, Mark Thomas
UCL, UNITED KINGDOM
Joachim Burger, Johannes Gutenberg-University, DE

How many liters of milk give 1kg of hard cheese?
About ten.

Cheese (preserve of milk)

cutting curds and reheating

straining and pooling milk

milking

heating and curdling with rennet enzyme

lifting curds out of whey

Practice question: What are the steps of cheese making?
Answer: 1.milking, 2.warming milk, 3.fermenting with rennet enzymes, 4.pressing, 5. brining, 6.
storage and maturation.

Cheese (preserve of milk)

placing curds in molds

pressing the fresh curds in molds

new cheese wheels after pressing

brining

racking

aging

Yak are a species of high altitude cattle in the Himalayas.

Nepalese Yak cheese

Soufflé au fromage (cheese soufflé)
Cooking whipped egg whites into a solid foam……..

Animal milk use allows you to out-compete your neighbors!
Hadza
foragers

Datoga
pastoralists

Hunter gatherers have no access of milk from other species, pastoralists thrive on milk from their
domesticated animals. The latter can wean very early ~ one year or less and proceed to hav many
more babies.

Over half of us now live in cities.

Cities and Crowds

Practice question: How long did it take humanity to reach 1 a population of 1
billion and how long did it take to reach over 7 billion?
200 thousand and less than 200 years.

Cities and Crowds
average number of children per woman

https://www.youtube.com/watch?v=PUwmA3Q0_OE

Populations growth, one of the many existential threats we face.
Since the Covid-19 pandemic, the average number of babies per woman globally is 2.1, which is
the number required to merely replace the population. Human global population has plateaued.

“Woman is not monkey” (la femme nest pas guenon)

Both of E. Badinter’s sons are CEO of and subsidiary Publicis which advertises Nestle in France and
francophone Africa!
Courtney Jung

2011

2015

30 billion US$ and rapidly growing

Companies engaged in production of baby foods face cut throat competition, particularly on the innovation
platform. Each company is focused on gaining a competitive edge over rivals by introducing new
products into the markets from time to time. Major companies operating in the global market for
baby foods and infant formula include Nestle, Numico, Abbott Laboratories, Bristol-Myers-Squibb,
Gerber, Heinz, Danone, and Hipp. Nestle, Danone, Heinz and Royal Numico. Among these, Nestle
is a dominant player with global presence.
Europe represents the leading regional market for baby foods and infant formula products for 2007, capturing
more than 30% share of the global sales, as stated by Global Industry Analysts, Inc. However, the large
population base in developing regions, particularly India, China and Brazil, is expected to facilitate in shifting the
focus of manufacturers to these regions. As a result, Asia-Pacific is projected to emerge as the fastest growing
regional market over the 2001-2010 period, driven primarily by the exceptional sales in the Chinese market.
Europe would continue to retain its position as the leading baby meals market by 2010, with sales projected to
reach US$2.1 billion.

Lactose and more
galactose

glucose
β1-4

70g of lactose
1 Liter
of Milk
5-10g of
oligosaccharides
Human Milk Oligosaccharides (MOs):
Lactose and over ~200 forms of “elongated” lactose
In humans ~70g of lactose plus 5-10g of MOs/Liter

Milk Oligosaccharides: Human milk contains about 70 g/liter of lactose and 5–10 g/liter of free
oligosaccharides. More than 130 different glycan species have been identified with lactose at the reducing
end, including poly-N-acetyllactosamine units. Some glycans are α2-3- and/or α2-6-sialylated and/or
fucosylated in α1-2, α1-3, and/or α1-4 linkages. In contrast, bovine milk, the typical mainstay in human infant
formulas, contains much smaller amounts of these glycans. These differences may account for some of the
physiological advantages seen for breast-fed versus formula-fed infants. The glycans may also favor growth
of a nonpathogenic bifidogenic microflora and/or block pathogen adhesion that causes infections and
diarrhea. Surprisingly, a substantial number of human milk oligosaccharides remain almost undigested in the
infant’s intestine and are excreted intact into the urine. Whether supplementing infant formula with specific,
biologically active free glycans enhances infant health is unknown.

insect farming
Silkworms

Honeybees

Mealworms

A mere blink of time in the past, the origin of agriculture, settlements and complex societies with all
their social norms and institutions. Don’t forget, H. sapiens has existed for over 200 thousand years
without such recent innovations.
Insect farming for protein might be part of the solution.Humans farm several species of insects for
food and materials (silk, dye, shellac, animal protein).

Lac insects

Practice question: Give two examples each of insects farmed for food and materials?
Answer: honey bees and mealworms for food, lac insects and cochineal for shellac and pigment.
Cochineal

Crickets

The great Chinese famine of 59/61 only became apparent 20 years later.

Farming: set up for crop failures?
1601–1603 One of the worst famines in all of Russian history, with as many as 100,000
in Moscow and up to one-third of Tsar Godunov's subjects killed; see Russian famine of
1601–03.The same famine killed about half of the Estonian population. Russia 2,000,000

Peng Xizhe (

), "Demographic Consequences of the Great Leap Forward in China's

Provinces," Population and Development Review 13, no. 4 (1987), 639–70.

1769–1773 Great Bengal famine of 1770, 10 million dead (one third of population) India,
Bangladesh (present day) 10,000,000
1810, 1811, 1846, and 1849 Four famines in China China 45,000,000
1917–1919 Persian famine of 1917–1919 Iran2,000,000,[89] but estimates range as high
as 10,000,000
1959–1961 The Great Chinese Famine. According to government statistics, there were
15 million excess deaths. China 15,000,000–43,000,000.

Farming: set up for famines and malnutrition?
“St Anthony’s Fire”
Mass poisoning by ergot: toxin
from fungus Claviceps
purpurea growing on rye in wet
years.

Infection of crops with psychoactive fungi can cause mass poisoning.
The fungi growing on stored crops, such as peanuts can produce cancer causing toxins (aflatoxin).
Practice question: Why is the fungus infested grain of rye known as “mother corn”?
Answer: Ergotamine, the active ingredient of the hallucinatory fungus has very potent effects
triggering uterine contractions and these kernels were thus traditionally used by midwives.

Practice question: Name six different ways of preserving foods.
Answer: Drying, freezing, curing, salting, fermenting, freeze drying, smoking

Farming: food storage and preservation

smoking

freeze drying

salting

freezing

Drying

conserving

fermenting
vacuum packing
high voltage discharges
modified atmosphere
high intensity light
packing
ionizing radiation
bacteriolytic enzymes & other
antimicrobials
ultrasonication

drying

curing

The word “jerky” is the English version of the South American Quechuan word “ch’arki.” Depending
on whose translation you believe, ch’arki could either be a verb, “to burn meat” or a noun, “dried,
salted meat.”
What is the origin of the word Jerky?
The quechua word ch’arki.
They make strips of deboned meat of uniform thickness, no more than 5 mm (1 inch), to control the
consistency and timing of the drying process. These strips are exposed to the elements in high
altitudes during the driest and coldest months between May and August. There the strips are hung
on lines, specially constructed poles, or simply placed on rooftops to keep them out of reach of
scavenging animals. After between 4-5 (or as many as 25 days, recipes vary), the strips are
removed from the are pounded between two stones to make them thinner still. Ch'arki is made by
different methods in different parts of South America: for example, in Bolivia, what is called ch'arki
is dried meat with fragments of foot and skulls left, and in the Ayucucho region, meat simply dried
on the bone is called ch'arki. Meat dried at higher elevations can be done with cold temperatures
alone; meat dried at lower elevations is done by smoking or salting. Modern Traveler on the Inca
Road to Choquequirao. Inca Road through the Atacama Desert.

Underground storage in Polynesia
Buried foods around the world:
banana bread (Ethiopia, banana dough),
buried eggs (China, eggs),
davuke (Fiji, bread fruit);
formaggio di Fossa (Italy, cheese);
ghee (India, clarified butter);
gravadlax (Scandinavia, salmon);
grubenkraut (Austria, cabbage);
hákarl (Greenland, Greenland shark);
igunaq (Inuit Arctic, walrus);
kiviak (Greenland, auks in a seal skin):
lutefisk (Scandinavia, white fish);
muktuk (Alaska, seal flipper);
reindeer’s stomach (Sápmi, Sweden, stomach with contents);
rue tallow (Faroe Islands & Iceland, sheep’s tallow);
sealskin poke (Alaska, meat/dried fish with seal fat);
smen (Morocco, clarified butter);
surmjølk/myrmjølk (Norway, milk);
Many fermented foods are prepared in fully or partially buried amphoras,
including wine in Armenia and soya sauce in Korea.

Containers: African bottle gourds in the Americas?
Lagenaria siceraria, bottle gourds

A woman of Tikopia a Polynesian island near Anuta fills an underground storage silo with masi,
fermented breadfruit. The pit is carefully lined with leaves and, after adding the fermented fruit,
covered with leaves and stones.
This type of reserve provides emergency food after typhoons!
Why would people in Polynesia bury fermented bread fruit?
As a fall back food after typhoons that can devastate most food plants on islands.

Bottle gourds from Africa and America are closely related.
How did bottle gourds arrive in America?
The fruit drifted with cross-Atlantic currents and were later re-domesticated by native Americans.

samples

trans-atlantic drift models

phylogeny

Prehistoric distribution and dispersal of the bottle gourd (Lagenaria
siceraria) in Asia, the Americas, and ...

Molecular Biology and Evolution, Volume 23, Issue 5, May 2006, Pages 893–900, https://doi.org/10.1093/molbev/msj092
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Prehistoric distribution and dispersal of the bottle gourd (Lagenaria siceraria) in Asia, the Americas, and Oceania. The bottle gourd has been present
in the Americas and East Asia since 10,000 and 7,000 year B.P., respectively (Chang 1986; Smith 2005). In the case of the East Asian bottle gourd, it
is unclear how far south it spread in prehistory (indicated by dashed line). The Southeast Asian bottle gourd may in fact be a much more recent arrival
from India 200 B.C. (Green 2000) and spread only as far east as Vanuatu in prehistory (Yen 1973). The bottle gourd was apparently not present in
Western Polynesia (Whistler 1990) (the Bottle Gourd Gap), suggesting that it was not introduced from Asia into Polynesia via human-mediated
dispersal (although natural dispersal is still possible). However, the bottle gourd may not have been required in the Gap region as Lapita pottery was
widely available as an alternative for containers (distribution of Lapita sites from Kirch [2000]). The bottle gourd was also present in Eastern Polynesia
since before A.D. 1,200 (Green 2000) and may have been introduced from the Americas by either natural (floating) or human-mediated dispersal. A
human-mediated introduction from South America could have been effected by Polynesian voyagers who departed from Easter Island around A.D.
1,000, sailed to the Peruvian Coast, and returned probably to the Tuamotu Archipelago with the sweet potato (route based on that suggested for the
sweet potato by Green [2005]). Similarly, Polynesian voyagers could have introduced the bottle gourd from North America via a return sailing trip from
Hawai'i to the Californian Channel Islands around A.D. 400–800 (Jones and Klar 2005), although this hypothesis is yet to be tested.

Pottery (20 kya)
fired clay figurine
>25 kya Czeck Rep.

pot fragment , China
>25 kya

4000 year old noodles in an upside down cup

Storing grain: Egyptian granaries

Practice question: What is the difference between earth ware and stone ware pottery?
Answer: The temperature at which the pots were fired (earth ware is fired at lower temps and is less
strong than stone ware).

Radiocarbon dating of the material taken from the Lajia archaeological site on the Yellow River
indicates the food was about 4,000 years old. Scientists tell the journal Nature that the noodles
were made using grains from millet grass - unlike modern noodles, which are made with wheat
flour. The discovery goes a long way to settling the old argument over who first created the stringlike food. Professor Houyuan Lu said: "Prior to the discovery of noodles at Lajia, the earliest written
record of noodles is traced to a book written during the East Han Dynasty sometime between AD
25 and 220, although it remained a subject of debate whether the Chinese, the Italians, or the
Arabs invented it first. Lajia is a very interesting site; in a way, it is the Pompeii of China.
Practice question: What green was used to make the oldest noodles ever found?
Answer: Millet.

Agriculture can produce much more food including surplus. Surplus can be monopolized by
political or military power: the invention of poverty. Grain surplus requires adequate storage to
prevent spoilage.
Practice question: Why is storage a necessity for farmers?
Answer: After each harvest, farmers have at a minimum, to store sufficient seeds to sow the next
crop.

Granaries, small and private, or huge and state run

Practice question: How do granaries work?
Answer: They keep stored grain dry, in the dark and with minimum chances of access by pests
(rodents).

Niger Valley Millet and Sorghum

Java

Kashan Iran

Harappa Indus Valley

Mice and other rodents (gerbils, rats etc) will be drawn by stored grain. Defensive solution include
barriers (overhang) and cats!

Storing grain: solutions against rodents….

The site of Dhra' just east of the Dead Sea, which was occupied about 11,300 years ago.
Interspersed among these buildings were at least four circular structures, about 3 meters in
diameter, which were probably granaries. Inside the best-preserved one are notched stones, which
the archaeologists hypothesize supported wooden beams forming a raised floor to protect the
grains. The granaries apparently stored wild barley.

Granaries

Dhra' just east of the Dead Sea

Anasazi granaries SW US

Awjila granaries Egypt

Badami, India

Dogon granaries, Mali

Ksour Marocco

Cat domestication: a neolithic, Egyptian affair

1400 BC Luxor, Egypt

Ottoni et al. 2017 Nature Ecology and Evolution

Cocoa beans traded 3000 years ago.

This map shows the locations of wildcat clades in the modern world. Note that the domestic
lineage (yellow) begins in Egypt and southwest Asia. Spatio-temporal representation of the alleles
determining the phenotypic variation in the shape of tabby patterns, mackerel (TaM) and blotched
(Tab). The image shows a ‘cat under the chair’ with a tabby mackerel marking, typical of F. silvestris
lybica (Anna (Nina) Macpherson Davies, Copy of Wall Painting from Private Tomb 52 of Nakht,
Thebes (I, 1, 99–102) Cat Eating Fish.
Practice question: What is the origin of the domesticated cat?
Answer: North Africa, Egypt.
Practice question: How many cats live in households in the USA?
Answer: 95 million!

Cocoa seeds were stored, transported and used as currency! There were giant storage rooms for
those seeds in ancient Tenochtitlan, the Aztec capital.
As everybody wanted these amazing tasting beans, products of all kinds began to be exchanged
for cocoa beans.
Before long they became a unit of currency (money).
8,000 cocoa beans were kept as a standard measure in a cloth bag (called ‘xiquipilli’ in Náhuatl),
and eventually the symbol of this bag ended up representing the number 8,000 in the counting
system of the Aztecs, who adapted the term ‘cacahuitl’ from the Maya to refer to the beans
themselves.
Cocoa beans used as currency were poorer in quality to the others - the best being kept to prepare
the drink known as ‘cacahuaatl’, made with water (‘atl’) and ground cocoa beans. All drinks
prepared with the fruits [‘xoco(tl)’] of trees like the cacao and mixed with water were called ‘xocoatl’
- a word that the Spanish changed into ‘chocolate’.
What are the parallels between an ancient Aztec cocoa seed storage vault in Tenochtitlan and a
Swiss Bank?
Both are storage sites of strong currency.

Kumara (Sweet potato) storage in Maori times

Tubers and other crops can be stored in dedicated places
What crops other than grain are traditionally stored?
roots (sweet potato, potato, yams, beets), dried fruit (dates) and fermented bread fruit.

Svalbard Global Seed Vault Spitzbergen

Concern for the long-term safety of global seed supplies has led to the creation of a global seed
vault.

Svalbard Global Seed Vault,
the seed deposit that holds the future of the world’s food supply (>1 million)

Currently, the vault stores precisely 1,059,646 types of seeds, against the 2.2 million seeds stored
in other vaults around the world, which could soon be stored here too.

Major cassava collections, The largest ex situ cassava collections are held in vitro by CIAT with about 6,500
accessions and IITA with about 3,700 accessions. There are probably more than 10,000 unique accessions
conserved ex situ, in the more than 70 cassava genebanks worldwide.
Other cassava collections EMBRAPA-Brazil holds about 4,000 accessions. Other important genebanks are
those in CTCRI-India , INIA-Peru, NRCRI-Nigeria, IAN-Paraguay, SRCV-Benin, D.R. Congo and PGRC/CRIGhana. A few genebanks (mainly EMBRAPA, Brazil and CIAT) have seed banks to conserve seeds of wild
species or breeding material. A few are also initiating DNA banks.
Cassava is mostly propagated vegetatively by stem cuttings, so the multiplication rate is much lower than for
seed-propagated cereals. In addition to the constraint imposed by a low multiplication rate, cassava stem
cuttings are bulky, difficult to transport and highly perishable: they may begin to dry out and lose viability within a
few days after harvest. Moreover, phytosanitary regulations prohibit the movement of cassava stem cuttings
across international borders (to prevent the spread of diseases and insects). Special arrangements have to be
made for storage and transportation of germplasm.

Cassava (manioc) gene bank (germ plasm)

Columbia

Banana gene bank (germ plasm)

Netherlands

Ice (New England Ice trade)

International Musa Germplasm Transit Centre, The Bioversity International Musa Germplasm Transit Centre (ITC)
is home to the world’s largest collection of banana germplasm. Its mission? To contribute to the secure longterm conservation of the entire banana genepool and hold the collection in trust for the benefit of future
generations under the auspices of the Food and Agriculture Organization of the UN. The conserved germplasm
is placed in the Multilateral System of Access and Benefit Sharing of the International Treaty on Plant Genetic
Resources for Food and Agriculture. The collection, which contains more than 1,500 accessions of edible and
wild species of banana, is hosted at the Katholieke Universiteit Leuven (KU Leuven) and is considered the
richest source of banana (Musa) diversity globally. The accessions are kept in vitro under slow growth conditions
at 16°C.
Practice question: Why do certain crops have to be kept as germ plasm?
Answer: Many crops have been selected to become seedless, e.g. cassava and banana.

The trade was started by the New England businessman Frederic Tudor in 1806. Tudor shipped ice
to the Caribbean island of Martinique, hoping to sell it to wealthy members of the European elite
there, using an ice house he had built specially for the purpose. Over the coming years the trade
widened to Cuba and Southern United States, with other merchants joining Tudor in harvesting and
shipping ice from New England. During the 1830s and 1840s the ice trade expanded further, with
shipments reaching England, India, South America, China and Australia. Tudor made a fortune from
the India trade, while brand names such as Wenham Ice became famous in London.
Practice Question: What was the effect of commercial ice on food trade?
Answer: Fresh food could be transported cold, allowing much longer transport.

Summary
Some invertebrates invented farming millions of years ago (termites and ants).
Foraging ways of life started changing the landscapes and plant composition near camps long ago.
The last 10 ky , last interglacial triggered independent farming and herding around the world.
Settlement came first, agriculture soon followed.
Earliest farmers might have been victims of their own hunting success.
The fertile crescent was the earliest region with plant domestication, mainly grasses (emmer, wheat, barley, rye) and pulses (lentils).
Papua New Guinea was another early center (bananas, taro, sugar cane)
Agriculture generated much more food and many more people, but not necessarily better health!
Humans starting shaping domestic plants and animals to suit their needs and ideals.
Several mammal species were bred for milk production: sheep, goats, cows, water buffalo, yak, horses, camels, but not llama!
Humans also farm several insects for materials and food.
Agriculture produce huge wealth, but it was very unevenly distributed: farming invented poverty!
Humans now count over 7.5 billions and the hope is that our population will plateau at 9 billion, these people will need to eat!

