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Lecture 5: Broad versus Narrow Food Niches

Biodiversity: provides the menu
overall biodiversity plant biodiversity

Higher biodiversity in the tropics. 
Result of better climate and or larger number of biological interactions including host-parasite co-
evolution. 
Interesting fact: religious and language diversity are also higher in the tropics…..

Dietary flexibility and survival:

Baboons and Macaques, among the few non-human primate 
species not to be endangered!

Barbary        Sulawesi           Liontail              Pigtail               Bonnet             Tibetan           Stump-tailed    Crab-eating      Japanese      Rhesus

Baboons in Africa and macaques in Asia are good example of flexible species with regard to their 
diets. 
Practice question: Name two groups of monkey species that are famous for their flexible dietary 
niche. 
Answer: Baboons of Africa and Macaques of Asia.



Broad Baboons Niches:

Rock placed to block baboon 
access to a wild bee hive

Baboons can eat almost anything….including your picnic inside your car!

Alpha Die-Off 1982
Effects of monkey human (trash) contact in Maasai Mara, Kenya

Robert Sapolsky 
Stanford

Most aggressive males killed by 
bovine TB from discarded meat near 
tourist lodge.

What happened after all the most aggressive males died due to bovine TB these picked up in a 
tourist lodge trash pile. The baboon groups developed much more peaceful social systems.

Junk Food Baboons?

... fried drumsticks or a slab of beef left over by a 
tourist with eyes bigger than his stomach; fruit 
salad gone a bit bad, perhaps left too long on the 
sun-drenched buffet table; fragments of pies and 
cakes, and alarming yellow dollops of custard 
pudding, nibbled at by a disciplined dieter — 
processed sugars, fat, red meat and cholesterol, 
our modern Four Horsemen of the Apocalypse.

The “garbage dump” diet reliably produced pathology in baboons, with two distinct metabolic patterns. 
What in the diet was the culprit? I’m betting that it was the sugar from the fruit salad, pies, cakes and custard. That 
would be most compatible with what we know about sugar’s toxicity in humans.  
It’s also in keeping with the human research outcomes, which have linked sugar to multiple pathological pathways 
leading to diabetes, heart attacks, strokes, hypertension, cancer, obesity, fatty liver disease and death from heart 
disease.

Am J Primatol. 2002 May;57(1):13-9. 
Effects of food availability on serum insulin and lipid concentrations in free-ranging baboons. 
Kemnitz JW1, Sapolsky RM, Altmann J, Muruthi P, Mott GE, Stefanick ML.

Ecological disturbances often provide the opportunity to study “natural” experiments. 
In this case: junk food is bad for you if you are a primate, baboon or human.



Broad Macaque Niches Rhesus and long-tailed macaques have extremely broad ranges and flexible diets (a good 
insurance policy against extinction).

Grazing herds: narrow baboon diet but not just grass Opuntia cacti (prickly pear) were introduced by the Portuguese near the end of the 15th Century. 
they now grow all over Africa and gelada baboons eat the leaves and fruits.  
Practice question: Name a monkey species that specializes on eating grasses. 
Answer: Gelada baboons of Highland Ethiopia.

Leaves: red colobus monkeys Red colobus monkey on a tree in Gombe Stream National Park. Table lists major food plants of 
this mostly leaf-eating species. 
Practice question: What adaptation is used by red colobus monkeys to digest their leaf-rich die? 
Foregut fermentation.



Chimpanzee diets
More than 200 plant species, dozens of invertebrates, several vertebrates, fungi etc..

Mbula fruit Figs Meat

Srychnos fruit Clay Termites Coula nuts

Plant piths Fungi

Aspilia flowers

Our closest living relatives are omnivores like most humans.

Boussou,  
Guinea,  
West Africa

Bulindi,  
Uganda, 
East Africa

Different Tastes for Food Crops

fruit

non- 
fruit

Chimpanzees are neophobic too!

Human farming near chimpanzee habitat is enticing these apes to raid crops…..Interestingly, they 
go for different selections of crops depending on which groups they belong to. 
Cassava tuber (originally from South America) is highly accessible to chimpanzees at both sites 
but is only eaten at Bossou; (a) Upper figure. A juvenile chimpanzee watches closely as an adult 
female, with her infant, processes and feeds on cassava tubers at Bossou, Guinea (photo by 
Etsuko Nogami); (b) Lower figure. An adult male chimpanzee in a cassava field at Bulindi, Uganda. 
He is holding cassava leaves following a social display, but chimpanzees at this site have not been 
recorded to feed on any part of the plant (photo by Matthew McLennan). 
Comparison of crop foods consumed by chimpanzees at Bulindi and Bossou. Crops arranged 
from top-left corner: banana, cocoa, grapefruit, guava, jackfruit, mandarin, mango, orange, 
papaya, passion fruit, pineapple, tamarillo, cassava, maize, okra, rice, sugarcane, yam. Circular 
icons indicate fruits while square icons indicate non-fruits (see Methods). Both of these ‘crop 
types’ may be consumed in the case of banana (fruit and pith) and papaya (fruit and leaf). Grey-
shaded icons denote a crop not accessible within the core area of the respective chimpanzee 
community. Crossed-through icons denote an accessible crop which was not consumed by the 
chimpanzee community during the study. Bulindi chimpanzees consumed 12 crop foods 
(including 9 fruits and 3 non-fruits) while Bossou chimpanzees consumed 15 (8 fruits and 7 
nonfruits) (artwork by Stacey Hockings). 
Chimpanzees are neophobic too!



Of Earth’s estimated 400,000 plant species, we could eat some 300,000, armed with the right 
imagination, boldness and preparation. Yet humans, possibly the supreme generalist, eat a 
mere 200 species globally, and half our plant-sourced protein and calories come from just 
three: maize, rice and wheat. 

Read more: https://www.newscientist.com/article/mg22730301-400-the-nature-of-crops-
why-do-we-eat-so-few-of-the-edible-plants/#ixzz5zM8ICpi3

Narrow Human Tastes for Plants ? Of all edible plant species, humans around the world mostly consume a small number.

Cattle, swine, turkeys and chickens are the major food animals based upon their use for 
human food production or consumption by humans. 

minor species are: 
minor species include sheep, goats, game birds (e.g. pheasants, quail), emus, reindeer, 
laa, alpaca, rabbits, guinea pigs. 

There are over 5000 species of mammals, and 10,000 species of birds.

Narrow Human Tastes for land animals ?

Chicken, duck, swine, and cattle are the major food animals based upon their use for human 
food production or consumption by humans. 

Practice question: What are the four land animals most commonly eaten by humans? 
Answer: Chicken, duck, swine, and cattle

Fewer than 100 species of fish out of 32,000 species…….. 

Basa, flounder, hake, scup, smelt, rainbow trout, anchovy, herring, lingcod, moi, orange 
roughy, Atlantic Ocean perch, Lake Victoria perch, yellow perch,  Atlantic mackerel 

Black sea bass, European sea bass, hybrid striped bass, bream, cod, drum, haddock, hoki, Alaska 
pollock, rockfish, pink salmon, snapper, tilapia, turbot, walleye, lake whitefish, wolffish,  
Sablefish, Atlantic salmon, coho salmon, skate, Escolar, chinook salmon, chum salmon, American 
shad 

Arctic char, carp, catfish, dory, grouper, halibut, monkfish, pompano, Dover 
sole, sturgeon, tilefish, wahoo, yellowtail, Barramundi, cusk, dogfish, kingklip, mahimahi, opah, mako 
shark, swordfish, albacore tuna, yellowfin tuna, geoduck clam, squat lobster, sea scallop, rock 
shrimp, Barracuda, Chilean sea bass, cobia, croaker, eel, blue marlin, mullet, sockeye 
salmon, bluefin tuna 

Narrow Human Tastes for fish ?



Practice question: What can we conclude from lower fisheries catches despite higher fishing 
effort? 
Answer: Fisheries are not sustainable.

Species of invertebrates: over 1 million species: 97 % of the world’s animals 

Major food species:  
mollusks: octopus, squid, clams, oysters, snails, abalone 

crustacea: shrimp, crawfish, lobster 

echinoderms & tunicates: sea cucumber, sea urchins, sea squirts 

Narrow Human Tastes for invertebrate animals ? Despite the existence of large numbers of edible invertebrates, humans focus on just e few as 
food sources. 
Practice Question: What is the biggest fisheries export from California? 
Answer: Sea urchins (uni, ウニ, 海胆).

The main 3 Grasses and one Bean! Of Earth’s estimated 400,000 plant species, we could eat some 300,000, armed with the right 
imagination, boldness and preparation. Yet humans, possibly the supreme generalist, eat a mere 
200 species globally, and half our plant-sourced protein and calories come from just three: maize, 
rice and wheat. 
Practice question: 
Which are the four most important food crops for humans globally? 
Corn, wheat, rice and soybean.



Grass, oh grass!!
Wildebeest and African buffalo in Tanzania: rich grassland and even richer ruminant megafauna

Wildebeest in Ngorongoro Crater, Tanzania, 25 thousand large vertebrates on an area the size of 
San Diego City

Wildebeest crossing the Mara River in Northwestern Tanzania, Summer 2022, movie Tumaini 
Soyala



Phylogeny of ruminants.

Lei Chen et al. Science 2019;364:eaav6202

evolutionary history of the 
ruminant radiation in the last 
10 million years.

Existing whole genome data, 
i.e. full DNA sequences of 
the entire genomes of each 
species make such 
reconstructions very reliable.

Phylogeny of ruminants. (A) The maximum likelihood phylogenetic tree from whole-genome 
sequences of 51 ruminant species and 13 fossil calibrations.(B) Prevalent discordance among 
10,000 random WGTs was observed across different families of ruminant.

Systematic Biology, Volume 67, Issue 1, January 2018, Pages 145–157, https://doi.org/10.1093/sysbio/syx059 
The content of this slide may be subject to copyright: please see the slide notes for details.

Ruminant phylogeny of 82 species with reconstructed diets and habitats. Ruminant phylogeny of 82 species with reconstructed diets and habitats. The two trees are mirror 
images with the tree in a) showing constrained ancestral reconstructions of dietary categories, and 
the tree in b) showing constrained ancestral reconstructions of habitat categories; positions of the 
teal rectangles mark the constraint of ancestral reconstructions based on Strömberg (2011). The 
branches painted black represent the corrections used for the best model (in bold) in Table 1. 
Illustrated major lineages include: Tragulidae, Antilocapridae, Giraffidae, Cervidae, Moschidae, 
Bovidae, Peleinae and Reduncinae, Antilopinae, Oreotragus and Neotragus, Cephalopinae, 
Alcelaphinae and Hippotraginae, Caprinae and Pantholopinae (top to bottom). Pl $=$ Pleistocene; 
Pli $=$ Pliocene. 

Phylogeny and trait evolution of ruminants.

Lei Chen et al. Science 2019;364:eaav6202

Phylogeny and trait evolution of ruminants. The phylogenic tree of ruminants is presented with the 
species within same families and subfamilies collapsed. The ruminants have many textbook 
examples of distinct traits. The four-chambered stomach with omasum chamber is a key 
innovation evolved in pecoran ruminants. Headgear keratinous sheath only appear in Bovidae 
and Antilocapridae lineages. Many ruminants have evolved high-crowned or hypsodont teethes. 
The Antilocapridae and two bovid lineages are among the mammals with highest cursorial 
locomotion ability. 

Practice question: name four character  that evolved in ruminants: 
Dentition, Multichambered stomach (microbial pre-digestion), Head gear (defense against 
predators), Speed (locomotion/escape).



Genomic features related to ruminant characteristics.

Lei Chen et al. Science 2019;364:eaav6202

Genes involved in 
evolution of the 
specialized ruminant gut

Genes involved in 
forming horns

Genes involved in body size

Genes involved respiratory 
chain of mitochondria and 
allowing the extreme activity 
of many ruminants, required 
to escape predation.

Genomic features related to ruminant characteristics.  
(A) Pairwise Spearman correlations of gene expressions indicated that the omasum, rumen, and 

reticulum evolved as an extension of the esophagus, whereas the abomasum evolved as an 
extension of the duodenum. Although it is anatomically closer to the reticulum, the omasum 
has a more similar gene expression atlas with that of the rumen than the reticulum, which 
mirrors the similar functions between them.  

(B)  Diagram of the convergent feature of keratinous sheath in the Bovidae and Antilocapridae. The 
two red amino acids indicate convergent mutations of the KRT82 between Antilocapridae 
and Bovidae, and the red dots indicate the included species of Antilocapridae and Bovidae.  

(C) Body size contrast among ruminants and 11 genes related with bone development that have 
at least four specific mutations in giraffe and are involved in TGF-β, Hedgehog, Notch, Wnt, 
and FGF pathways.  

(D)  A total of 642 genes in GO( gene ontology) related to the development of body size are 
retrieved, and we calculated the dN/dS ratios (ratios of amino acid-changing to not amino 
acid-changing mutations, a measure of straight of selection) on the branches, leading to 
large, medium, and small body sizes, under the two-ratio branch model (model 2) of PAML. 
Background dN/dS ratios are calculated under one-ratio branch model (model 1) of PAML. 
The distribution densities of the dN/dS values are shown. A box plot of dN/dS values in 
different body size categories is shown. The mean dN/dS values at the branches of large 
body size and small body size are significantly larger than background. ***P < 0.01.  

(E) Antilocapridae and Antilopinae species are among the most mobile land mammals, and both of 
them have specific mutations in several genes of the mitochondrial electron transport chain.

Cute and tasty ruminant: dikidik Small but with very sharp horns, hollow keratin on bone bases, typical for ruminants.



Forager Menu, Hadza in Tanzania, bow and arrow hunting Makaranga shooting an arrow, Hadza men having successfully tracked an impala hit with a single 
arrow half an hour earlier.

Hunting predators and prey! Large predators are also hunted with poison arrows. Gonga, a Hadza man has hunted several 
lions using bow and poison tipped arrows (if you wonder how, the lions tend not to attack if they 
are badly hit by and arrow, the hunter then sits patiently to let the poison do its work before 
tracking the injured lion and finding it once its heart gives out). Leopards are also hunted and 
eaten. 
Fire and projectile weapons have allowed human ancestors to compete with the fiercest of 
predators.

Living Foragers and their Plight

Gatherer-Hunters!
data from Navin Ramankutty and Ohio State University Hunter-Gatherer Wiki

Modern agriculture and hunter-gatherers. Map shows area used for major agricultural and pastoral 
production in 2000, and locations of societies that have depended on hunting and gathering for a 
significant portion of their food in the modern era.  data from Navin Ramankutty and Ohio State 
University Hunter-Gatherer Wiki



Last Living Hunter Gatherers/Foragers

Shuar, Equador

Ache, Paraguay Himba, Namibia Khoisan, Botswana

Tsimane, Bolivia Hadza, Tanzania

Penan, Malaysia Inuit, ArcticJarawa, Andaman Islands

Pirahã, Brazil

Pila Nguru, Australia

Aka, DR Congo

The cumulative knowledge and wisdom held by members of these last groups of foragers is 
incredibly precious for all humanity! Most of these populations are in close contacts with their 
farming or herding neighbors. They are rapidly settling, sending their kids to school and using 
money and cell phones.

Foragers e.g. The Hadza Today, of roughly 1000 Hadza living in the dry hills here between salty Lake Eyasi and the Rift 
Valley highlands, only about 100 to 300 still hunt and gather most of their food. Most of the others 
do forage—but they also buy, trade, or are given food, and sometimes alcohol and marijuana. 
Many live part of the year in larger semipermanent camps in the sprawling settlement of Mangola, 
where they depend on income from tourism and occasional jobs on farms or as guards. 
They have been pushed to peripheral lands, which raises many interesting questions when 
attempting to “use” them as models for the distant past.

Foragers e.g. The Hadza Alyssa Crittenden is a nutritional Anthropologist working with the Hadza. 
She is a Professor of Anthropology at University of Nevada, Las Vegas and I was introduce to the 
Hadza by her 11 years ago.



Forager Menu, Hadza in Tanzania Far from the National Geographic idealized “untouched” hunter gatherers, Hadza have plenty of 
contact with people from all over the world, some of them use cell phones and their kids go to 
school…..They wear shorts and T-shirts, from which they rip the sleeves, which they make into 
hats….. 
Their food include meat (mammals, zebra and rock hyrax shown,  and birds and tortoises and 
giant snails, but no snakes or lizards), tubers, berries and honey and bee larvae. 
Top right: Benji is checking a tree hole for honey. He lodges a large rock to prevent the baboons 
from stealing the honey…..

Forager Menu, Hadza in Tanzania Digging for tubers is a very important activity and provide very reliable food even in periods of zero 
rain. 
Tubers are briefly cooked, pealed and shared.

Forager Menu, Hadza in Tanzania: Baobab Baobabs deserve their name tree of life: every part of this tree can be eaten: flowers, bark (for 
water), laves, fruit and seeds. 
The trees are pollinated by bats and the seeds are dispersed by baboons and elephants. 

Baobab growing at my house in PB from a seed collected in Hadza land, Tanzania.



Forager Menu, Hadza in Tanzania: arrow poison

Cardiac glycoside from Adenium obesum (desert rose)

Cardiac glycoside Ouabain 
from Strophanthus emini 

seeeds

Desert rose  (Adenium obesum) bush from the wood of which the Hadza make potent arrow 
poison. Strophanthus emini, a vine also belonging to the dogbane plant family (Apocynaceae) also 
provides potent arrow poison in ints seeds. The water extraction of the poison is boiled down into 
a paste which is applied to arrow heads. These plant molecules uncouple the sodium pump in the 
mitochondria of the heart muscles and cause heart failure even in large animals such as giraffes 
and buffalo. Mbugoshi holding giraffe sinew to be used for making bow string. 
Practice question: What material is traditionally used to make bow string by the Hadza of 
Tanzania? 
Answer: sinew (dried tendon) from large animals.

Forager Menu, Hadza in Tanzania: berries

Relative of crossberry, lavender star flower 
 (Grewia occidentals)

Embilipe berries (species of Grewia)

Forager Menu, Hadza in Tanzania: stingless bees These tiny bees (sweat bees) do not sting and make wonderfully sweet honey, but one has to find 
them and hack open the tree branch to get to their honey. 
Above, Makaranga, a Hadza friend is teaching me how to use the axe to open a nest in a 
Commiphora africana tree.



Forager Menu and its effects on the micro biome There is currently massive interest in Hadza diet, life style and micro biome.

friction fire
Hadza man (named Janjako) making a friction fire to light an herbal jazz cigarette. Hadza trade 
honey for cannabis and tobacco with their farming neighbors.

Honey collecting high in a Boabab tree. To each the nest, the Hadza cut fresh hardwood pegs 
which they hammer into the soft bark of Baobabs with the back of their axes. 

Practice question: How do Hadza men get to bee hives located high in baobab trees? 
They use freshly carved hard wood pegs from other trees and pound them safely into the soft 
baobab trunk using an axe handle as a hammer.



Following Janjako app high into a Baobab tree to harvest wild honey thanks to a GoPro camera 
he agreed to wear in 2019.

Honey collection on the roof of my house in PB.

Scraping freshly filled and capped comb into a sieve. to separate the wax from the honey leftovers 
one simply adds a lot of water, briefly boils the water and this way the wax hardens on the top 
once cooled.the honey water can then be fermented with meat to make mead…probably the 
oldest alcolohic beverage. 

Practice question: What is the nutritional value of bees’wax obtained from honey comb? 
None, humans cannot digest bee’s wax (but the honey guide birds can!)



Forager Menu

Berbesque, Julia Colette, 2009  Evolutionary Psychology

Composition of the most important items in the Hadza diet

Forager Menu

Berbesque, Julia Colette, 2009  Evolutionary Psychology

Composition of the Hadza diet

Forager Bodies across life: low BMI, low fat

Pontzer et al., 2018  Obesity Reviews

Hadza body size and composition across the lifespan. Red: female (n = 202), blue: male (n = 166). 
Skin-fold sums are from triceps, biceps, subscapular and suprailiac sites and converted to body 
fat % for subjects >15 years following calliper manufacturer instructions (Lange, Beta Technology). 
Lines are lowess curves (smoothed local regression). BMI, body mass index. 

Practice Question: 
Name three striking feature of the adult bodies of Hadza people. 
Low BMI. low fat and bodyweight remains almost constant!!



total energy expenditure

physical activity

 physical activity level

activity energy expenditure

Pontzer et al., 2018  Obesity Reviews

Forager Diet: high physical activity: ~ hours of moderate 
exercise per day 

Daily moderate and vigorous physical activity (MVPA) (measured via heart rate or accelerometry), 
total energy expenditure (TEE) (kcal d1),activity energy expenditure (AEE) (kcal d1) and physical 
activity level (PAL) (TEE/BMR) for the Hadza, Tsimane and seven industrialized populations. 
TEE and AEE are adjusted to Hadza fat free mass; see text. Error bars for TEE and AEE are 
standard deviations, calculated from reported coefficientsof variation in TEE . MVPA for South 
Africa, USA, Ghana, Jamaica and Seychelles cohorts from Dugas and colleagues . MVPA for 
Netherlands cohorts from baseline measures in van der Meij and colleagues . Note that MVPA is 
reported using three different measures by Gurven and colleagues ; for comparison here, 
conservative values of 120 min (men) and 100 min (women) are shown.

Forager Menu: low energy density food

Pontzer et al., 2018  Obesity Reviews

Energy density (kcal g1) calculated for the Hadza, by Simmen and colleagues for eight small-scale 
societies and for seven lean and 
obese cohorts in industrialized populations reported by Karl and Roberts. For the Hadza sample, 
error bars represent standard deviation across 12 months. For others, error bars represent 
standard deviations across populations.

Three hunter gatherer populations have better blood values than 2000 non-diabetic Americans.

Pontzer et al., 2018  Obesity Reviews

Mean was calculated assuming highest possible level for subjects who fell below sensitivity level of the 
instrument. For example, if total cholesterol was reported as <100 mg dL1, subject was assigned a value of 
99. 
†Dietary values calculated by combining proportions of foods in the diet reported by Marlowe and Berbesque 
with nutritional values for Hadza foods; values for meat from Eaton and Konner. Fibre intake calculated 
assuming daily caloric intakes match TEE values discussed in text to calculate grams per day intake of 
different foods. Further, we calculated a low estimate of fibre intake assuming 80% of fibre from tubers is spit 
out as a quid rather than ingested, and a high value assuming all fibre from tubers is ingested. Blood profile 
and blood pressure data from Raichlen and colleagues. 
‡Dietary data from Gurven and colleagues. Blood profiles and blood pressure data from Kaplan and 
colleagues. Blood pressures are weighted means for younger (40–64 years) and older (65+) cohorts. 
§Blood profile and blood pressure data from Liebert and colleagues. Blood pressures are for all adults, not 
reported by age category. 



††Dietary energy density from n = 7 lean cohorts reported by Karl and Roberts (40), includes non-US 
populations. Other dietary data from Eaton and colleagues 
Blood profile data from NHANES dataset, reported by van der Velde and colleagues (47) for n = 543 US adults 
age 18 to 49 without elevated 
glucose levels. 
‡‡Dietary energy density calculated from wet weight of food (excludes beverages). 
§§Food quotient (FQ) calculated from % energy values as FQ = 0.7 Å~ %Fat + 0.8 Å~ %Protein + 1 Å~ 
%Carbohydrate.

Forager Lifestyles

Finally, it is worth considering what other aspects of traditional lifestyles, in addition 
to diet and physical activity, might contribute to the remarkable health of hunter-gatherers. 

Close friendships and family bonds, low levels of social and economic inequality and 
lots of time spent outdoors are typical in hunter-gatherer populations and other 
small-scale societies.  

The absence of these in modern societies is associated with chronic social stress and a 
range of non-communicable diseases, including metabolic disease and obesity.  

As we work to understand the evolutionary roots of modern disease, we should strive for 
a more integrative and holistic understanding of lifestyle and health among hunter-
gatherers today and in our collective past.

It is not only the diet, but likely the strong social networks existing in hunter gatherer societies, that 
most have norms of obligate sharing and ways to reduce inequality. 
Practice question: What aspects other than nutrition and physical activity could influence Hunter 
gatherer health? 
Answer: Social life, sleep habits, leisure time.

Atherosclerosis

Stenosis of the anterior descending 
coronary artery in a 40-year-old man. 
(Reprinted with permission from 
Atlas of Atherosclerosis: Progression 
and Regression11 and Arterioscler 
Thromb Vasc Biol.

“Atheros” means gruel, literally 
“nonanimal” in Greek, sclerosis 
means hardening: “blood vessels fill 
with gruel like stuff and harden”.

Plaque development under low endothelial shear stress. a Stable lesion. b Rupture-prone 
vulnerable plaque The fractional flow reserve (FFR) is a physiological index of the severity of a 
stenosis in an (coronary) artery. It is determined by the pressure after a stenosis relative to the 
pressure before the stenosis. An FFR of a coronary artery lower than 0.8 is associated with 
myocardial ischemia. ESS endothelial shear stress. 
Practice question; What is the origin and meaning of the term atherosclerosis? 
Answer: gruel- like deposition inside arteries and hardening of the vessel



Latitude and animal rich diets Proportions of the diet from plant and animal foods plotted against absolute latitude for n = 265 
hunter-gatherer and mixed hunter-gatherer/ farmer populations reported in Murdock’s 
Ethnographic Atlas  
Practice question; Why would traditional diets at higher latitudes (away from the tropics) include 
more animal foods? 
Answer: many temperate ecosystem lack fruit and soil that can be farmed.

Cannibalism: Anthropophagy

Part of Our Collective Past or Traveller’s Myth?

15th century wood cut showing 
cannibals of the Caribbean. 
Etymology:  
Caribes  —caribal/canibal —-> 
canibales

Ashley Montagu, 1937 
The Man-Eating Myth, Willam Arens, 1979

Distinguishing cannibalsim from other 
mortuary practices can be quite tricky.

Once we were Cannibals, Tim White 2001 
Scientific American

False accusations of cannibalism have long ben used to dehumanize people one aimed to 
subdue. 
This does not mean that all cannibalism is fiction! 
Practice question; What is the origin the word cannibal? 
Answer: The Caribbean.

Cannibalism: Hard Evidence
Processing patterns: separating flesh from bone, accessing marrow and brain..

Once we were Cannibals, Tim White 2001 
Scientific American

Processing carcasses with stone or metal tools leaves imprints and 
scars on the bones: 
     cut marks 
     hammering dammage 
     fractures 
     burns 
     Osteological damage and contextual evidence 

Patterns consistent with butchery



Cannibalism in Europe

800,000 years old: 

Atapuerca, Spain: 
92 fragments from six individuals with unmistakable 
signs of butchery with stone tools, including 
skinning and removal of flesh, ass well as 
processing of the brain case and long bones for 
marrow

Fernandez-Jalvo et al 1999 J. Human Evolution

A ATD6-43 human radius. This specimen has abundant cutmarks (empty arrow) from right top to 
left down all along the length of the bone affecting the pronator quadratus, as well as the 
attachment of flexor digitorum. The distal end of the radius has been broken showing peeling 
(black arrow). The bone was not longitudinally opened to extract any marrow content.  
b ATD6-76 Femur fragment. This bone was heavily hit to break it in order to open the shaft and 
extract the marrow. Black arrows point out some of the impacts. 
c ATD6-59 human metacarpal showing cut marks all along the anatomical lateral (and two ends 
arrow) edge where dorsal interosseous muscle attaches. 
d  H16, n.3 Impact pits on tibia of bovid. Impact scars (some of them pointed out by black arrows) 
are similar to those seen in Figure 6(b) of a human femur. Marrow extraction seems to be the 
purpose of this heavy damage. 

Homo antecessor, 600-200 kya Europe

Atapuerca, Spain 
800 kya

Atapuerca Cave, Northern Spain 
430,000 year old ancient DNA was extracted from these fossils and yielded sequence data 
published in 2016 
Nuclear DNA sequences from the Middle Pleistocene Sima de los Huesos hominins 
Matthias Meyer t al. Nature ,volume 531, pages 504–507 (24 March 2016) 
Practice question; What is the evidenced for ancient exocannibalism (routine cannibalism for food) 
in Atapuerca Spain? 
Answer: Butchery like cut mark on bones from ancient humans. 

Cannibalism in Europe
35,000 to 120,000 years old: 

Krapina, Croatia: cut marked and scattered 
remains of 20 neanderthal individuals. Goyet, 
Belgium (45,000 kya, 99 neanderthal remains, 
many with cut marks).

Rougier et al 2016 Nature Scientific Reports

Retouching marks (b1,b2) and  
cutmarks (c1,c2) present on the Goyet Neandertal bones (example of femur III).  
a) femur III in anterior view; (b1,c1) close-up photos; (b2,c2) images obtained using a minidome  
Overview of the anthropogenic modifications observed on the Neandertal remains from the 
Troisième caverne of Goyet (Belgium). See Supplementary Fig. S8 for individual Neandertal bones 
with anthropogenic modifications. Skeleton diagrams modified from https://en.wikipedia.org/wiki/
File:Human_ skeleton_front_en.svg and



Homo heidelbergensis, 800-200 kya Africa & Europe The Bodo skull fro Ethiopia, has clear cut mark on it from obsidian blades used to deflesh it 
600,000 years ago. The eyeballs were even cut out using obsidian blades!

Cannibalism: energetically not worth it? The energetic value of human bodies is not particularly high, but they would contain all the 
nutrients we need. 
Practice question; What is the reason why specializing on cannibalism is likely not sustainable? 
Answer: Ancestral humans were likely not so nutritious, low percentage of muscles and little 
caloric value.

Members of a Uruguayan rugby team ate dead companions after their plane crashed in the Andes in 1972, stranding them for more than two months.
PHOTOGRAPH BY SOBREVIVIENTES DE LOS ANDES, GETTY 

Cannibalism: as last resort The Donner party in California and the Uruguayan rugby team surviving a plane crash in the 
Andes…. 1972



Genetic Adaptation to Kuru? Novel protective protein variant

Adaptation to cannibalism?: 
Prion protein polymorphisms providing protection? 
Mead et al 2003 Science: yes 
Soldevilla et al 2006 Genome Research: no 
Mead et al. 2009 NEJM: yes

Fore people in PNG, 20th century

Cannibalism has also been documented for chimpanzees. It has been linked to neurodegenerative 
disease Kuru in Papua New Guinea. The disease more widely known as spongiform 
encephalopathy (in English: “disease inside your head caused by sponge like brain tissue” also 
occurs in hospital settings where the toxic proteins are passed on by contaminated surgical tools.  
The Kuru-Exposed Region in Detail, Showing Areas of High Exposure and Persons with the 127V 
Allele. 
We divided the kuru region into three zones of increasing exposure: villages with at least one 
recorded case of kuru but an exposure index of 30 or less (low-exposure group); a zone with an 
exposure index of more than 30 to 200; and a high-exposure zone, with an exposure index of 
more than 200. Red dots show the locations of persons with the 127V allele. The Purosa valley 
includes the villages of Purosa-Takai, Ketabi, Ai, and Mugaiamuti. The figure is adapted from a 
figure in Collinge et al.,26 which shows the location of all villages with a history of kuru.  
Practice question; What is kuru? 
Answer: A disease cause by an infectious misfolded glycoprotein in the brain leading to 
spongiform encephalopathy (foam-shaped disease of the brain).

Cannibalism: Real and Not always a colonialist myth

Thousands years of evidence from all contents: 
contexts: 

famine (great famine in Europe 1315; Jamestown, 1609,  
             Russia 1920, Ukraine famine 1932) 
crime (long list in Europe, Americas, Asia) 

paraphilia (kink including autocannibalism) (long list) 

warfare (Croatia, Liberia, Angola, Congo,  
Burma, China, Siberia, Iran, Japanese Army in Papua 
during WW2 German prisoners of war in Siberia) 

ritual (Papua New Guinea, Sierra Leone, Ivory  
Coast, Caribbean).

Practice question: What is the evidence that cannibalism among humans is not always a 
colonialist myth? 
There are countless well-documented occurrences of cannibalism across several continents and 
thousands of years. 



Summary
Narrow dietary niches are risky, flexible diets are a safer bet for survival.

Humans are flexible omnivores who became top predators.

Most Baboons and Macaques are more flexible, like humans, unlike the more closely related apes.

Chimpanzee diets are rather diverse, with over 200 food plants and many animals and fungi.

Domesticating ruminants allowed humans to utilize grasslands where farming is not very productive.

Eating other humans may be the most narrow diet. This has happened many times in pre-history and history but usually during hardship, 
conflict or as symbolic behavior.

Humans also have relatively narrow tastes when it comes to land animals and fish, and even marine invertebrates.

Despite our flexible diets, we humans only utilize a tiny number of plant for our food, especially since we started growing 
crops and moving away from  the tropics.

Chimpanzees have started utilizing crops grown by humans.

Humans currently plant three main grasses and soy beans!

Foraging populations may be models for public health in modern populations: 
lower density foods, many more fibers, and much higher physical activity seem to contribute to better health, despite relatively high 
consumption of meat.

Atheroslcerosis refers to “gruel-like” buildup of fat and inflammation found in arteries of many humans, and is a leading cause of heart and 
blood vessel (cardiovascular) disease.


