SRk 18 B AEE BRI R (55 2 2K F AR E

L

 BE E B
1. RERME, FEMTFEICHRIENTWSNS, BBV THEETSZ
&
2. RERLTHRERAROIBEINZMNICHEE TEAT S Z L,
3. BFEAMICIIZREEWMN 2 X134 b 5. ThEhiEAZENRRNnT
Eo
4. BERKE, BACERI»MDST, VLECEE, bRV E, BE
IR RS TN,
5. RIEMFIE, 2T XR—=IThHD, HBI~IR—VEITHEAKRTH 2. TFH
FRMIIEI0BEEL TlaWiTisn,
6. MEBIUEBHDEREAR-VEESR—VOMIZRIAHIATH S,
7. BT ERIZERIOFERASEFRSHITH LS Z &,

OM3(486—41)



T 2 A # @WomsTiEwgaw

— 1 = OM3(486—42)



B0 B> TRWITRW)

T

r & H

i

b f

(20 20)

OM3(486—43)



GO B TR iaw)

T F M K

||||| 4 i

————

bt

(20 20)

OM3(486—44)



" B &=E

KD F LV 35 Natural History (2004 5 12 A/20054E 1 H B) I B8 X N /=,
Dustin Stephens X & Robert Dudley [& @ 3t 3 3 3 “The Drunken Monkey
Hypothesis” #—#HEBEL/-HDTT, ZOXEELILSFAT, BE m ms @ Iz
BRIV,

REIMERBORESINMICRHAT S Z &,

*HIODNWTNAEADRRMEDS LIGRINTVET,

What can a tipsy monkey tell science about humanity’s fondness for — and
problems with — alcohol? Possibly quite a lot. That would be a good thing,
considering how widespread our problems with alcohol are. In the United States
alone, 14 million people are alcoholics. Although patterns vary from culture to
culture, alcoholism is common across the globe, particularly among groups
undergoing modernization, an((ini‘g comes with tragic consequences: In the United

States, abuse of alcohol is the third leading cause of preventable death.

Placing alcoholism in an evolutionary framework might reveal how our

&)
ancestors became attracted and addicted to alcohol. In 2004, one of us (Stephens)

observed a monkey eating the bright orange fruits of the Astrocaryum palm®, in
the tropical forest of Panama’s Barro Colorado Island*. Climbing onto the branches
of a tree to reach the fruit, the monkey first suiffed the fruit, then frantically
began to eat it, sometimes dropping partly eaten fruit onto the forest floor.
Risking a ten-meter fall and serious injury, the monkey seemed as fearless as a
drunken teenager.

Our tests of the fruit he dropped suggested why: He may have been drunk.
Our calculations showed(2t)hat the monkey had consumed a lot of alcohol. This
incident fitted nicely with the “drunken monkey” hypothesis, developed earlier by

one of us (Dudley).
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The hypothesis proposes that a strong attraction to the smell and taste of
alcohol was an advantage for our primate* ancestors since it helped them locate
nutritious fruit at the peak of ripeness. Millions of years later, in the Middle Ages,
people learned to distill alcohol, which powerfully concentrated the natural alcoholic
content of fermented fruits and grains. The once advantageous appetite for alcohol
became a danger to human health and well-being.

The drunken monkey hypothesis goes like this: For 40 million years, primate
diets have included large quantities of fruit. In the warm, humid tropics, where
humans evolved, yeasts on the fruit skin and within the fruit convert sugars into
various forms of alcohol, the most common being ethanol®. Ethanol evaporates
quickly, and the smell of ethanol is a reliable sign of ripe fruit. For a hungry
monkey, a good strategy would be to folllow the smell of alcohol to the fruit and eat
it in a hurry. Natural selection probably favored primates with a keen appreciation

)
for the smell and taste of alcohol.

A large body of evidence suggests that contemporary primate diets are
dominated by plant materials. In many primate groups those materials take the
form of ripe (and probably alcohol-containing) fruits. Fossilized teeth show that
fruit has been a major component of the primate diet since about 40 million years
ago. Some of our closest relatives — chimpanzees, orangutans, and certain
populations of gorillas — eat diets based primarily on fruit.

Our own ancestors long ago left fruit behind as the main source of their
nutrition. Between 1 and 2 million years ago, fruit had been largely replaced by
meat and by foods such as roots. But even though our early hominid* ancestors
stopped relying heavily on fruit, humanity shares a deep evolutionary background
with other primates. It seems likely that the taste for alcohol arose during that
long shared past.

Consider the evidence.

The place to begin is the relation between ripe fruit and alcohol. Yeaéts that
occur on fruit consume sugar in the fruit as a source of energy, in a process known
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as anaerobic* fermentation (“anaerobic,” because it takes place in the absence of
oxygen). As the fruit ripens, and the yeast gets(3g>oing, the ethanol content of the
fruit rises rapidly. For example, the unripened fruit of the Astrocaryum palm
contains no ethanol; ripe hanging fruit is about 0.6 percent ethanol by weight;
overripe fruit, often fallen to the ground, can have an ethanol content of more than
4 percent. The monkey that Stephens observed on Barro Colorado Island was
feasting on fruit near its peak ripeness when its ethanol content is about 1 percent.

What is the evidence that our primate relatives (or other organisms) are
attracted to alcohol as a sign of nutrition? It is known that fruit flies follow
increasing concentrations of ethanol vapor as a way to find the ripe fruit within
which they lay their eggs. A similar sensory mechanism is likely at play in other
speci(g)s, including primates. The excessive consumption of fruit due to alcohol,
similar to the one seen on Barro Colorado, have been ohserved several times in
monkeys. In each instance, the monkey risked life and limb while eating quickly
from bunch after bunch of Astrocaryum fruits, sometimes committing its full
weight to a fruit cluster without even securing its tail to a branch for safety. Other
observations from the rainforest describe what seems to be fruitinduced
intoxication in butterflies, fruit flies, a variety of birds, fruit bats, elephants, and
several other primate species.

It is possible, of course, that drunken behavior is simply an accident without a
deep evolutionary context. Maybe rainforest animals just like to have fun. But
some evidence implies that the connection between alcohol and nutrition is deeper
than that, at least for primates. Initial observations of monkeys on Barro Colorado
show that they prefer ripe fruits with moderate levels of alcohol. They avoid unripe
fruits with no alcohol as well as overripe fruits with more alcohol but less sugar
(by then, most of the sugar has been converted to alcohol). We note that people,
too, often drink alcohol while eating, suggesting that drink with food is a natural
combination. And various experiments have shown that having an alcoholic drink
before a meal increases both the time spent eating and the number of calories

consumed.
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If there really is an evolutionary connection between alcohol and primate
nutrition, an important conclusion follows: Alcohol—at least in moderation —
cannot be entirely harmful to health. If it were, a good nose for alcohol would not
have given an advantage to our primate ancestors.

In any event, a wide range of evidence suggests that moderate consumption of
alcohol is healthful for various organisms. Fruit flies, for instance, live longer and
have more offspring when they are experimentally exposed to vapors containing
intermediate levels of ethanol than they do when exposed to a lot of it or to none at
all. In people, too, moderate alcohol consumption seems to be more healthful than
too much or too little.

A variety of direct and circumstantial evidence suggests that in our deep
evolutionary background, alcohol and nutrition (and consequently, alcohol and
survival) were related. For some of our close genetic relatives, rainforest
observations show that they remain related to this day. Furthermore, some
evidence shows that intermediate levels of alcohol consumption are beneficial to
human health. But if evolution has rendered alcohol so good for us, why is it now
such a problem?

The answer, we think, lies in a mismatch between our species’ long
evolutionary past and the techno-cultural environment we have created in the past
few centuries. Until well into primate evolution, the amount of alcohol our
ancestors could consume was strictly limited. As we have noted, even overripe
fruits have an ethanol content of only about 4 percent, and they are not the ones
favored by monkeys.

That picture did not change substantially even when modern humans, some
10,000 years ago, learned to control fermentation. As agriculture was developed,
barley and wheat became plentiful, which are good for making beer.
Archaeological evidence from the same period indicates that wine was also being
made. In fact, until industrialization made water filtration practical, alcoholic
drinks are thought to have been more widely consumed in many cultures than

water was.
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But the alcoholic drinks of today and the alcoholism that accompanies them
are, in evolutionary terms, recent. Yeasts stop making ethanol when its
concentration reaches between 10 and 15 percent by weight. Hence drinks made
using natural yeasts are limited in alcohol content., Beer and wine made before the
invention of chemical distillation probably were no more than 5 percent ethanol.

The invention of distillation, which had reached Europe in the Middle Ages,
radically changed humanity’s relationship with alcohol. Drinks whose ethanol
content was much higher than 5 or even 12 percent suddenly became widely
available. From the perspective of the drunken monkey hypothesis, the results

®)
were predictable: wide availability of potent drink led to alcohol abuse.

From the evolutionary perspective taken by Darwinian™ medicine, alcoholism is
one of the “diseases of nutritional excess” that arises from a mismatch between
prehisfdrié and modern environments. Perhaps the most striking example of such a
disease is the ongoing epidemic of obesity. In 1962, the late geneticist* James Neel
predicted that as high-fat, high-calorie Western foods became available to tribal
peoples, their rates of obesity, heart disease, and diabetes™ would sharply increase.
Neel’s hypothesis was based on the belief that genes, which had been advantageous
in storing and using limited calories, had turned harmful when fats and sugars
became readily available. The high rates of diabetes among Pima Indians*,
Micronesian Nauruans® and Australian Aborigines* have confirmed his predictions.

Neel’'s hypothesis, now clearly relevant to human populations in the developed
world as well, fits nicely with the drunken monkey hypothesis. The increased
alcohol concentration of modern alcoholic drinks played right into a genetically
rooted appetite for alcohol. This appetite was present for millions of years and
served a valuable survival function for our ancestors as they climbed through the
rainforest. And just as with obesity, heart disease, and diabetes, alcoholism has

become a risk for anyone with access to the fruits of contemporary culture.
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1 | The following words appear in italics in the text. Circle the letter

indicating the best definition for each word.

tipsy
a) hungry, starved

¢) jumpy, energetic

e) friendly, domesticated

Sfondness
a) hatred of
d) liking of
sniffed
a) squeezed
d) shook
hypothesis

a) project

¢) scientific experiment

b) visibly drunk, unsteady
d) sick, ill

b) problems with c) enthusiasm for

e) addiction to

b) smelled ¢) licked

e) cleaned

b) fictional story

d) painting or sculpture

e) explanation or speculation

locate

a) cook b) avoid

distill
a) purify or process
d) distrust or doubt
Sfermented
a) unripe

d) brewed

c) place d) grow e) find

b) avoid or avert ¢) flavor or spice

€) preserve or save

b) harvested ¢) tropical

e) uneatable
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diets
a) foods eaten b) forests
¢) mating behaviors d) government warehouses
e) weights
yeasts
a) pigments b) rain drops
¢ ) particular types of fungi d) dirt
e) insects
convert
a) concentrate b) replace ¢) transform

d) create e) produce

What do the following words, which are underlined in the text, refer

to? Answer in English and write your answer so that it can replace

the underlined word.

(D it
(2) he
@) it
4) they
O it

According to the text, decide whether the following statements are

true (T) or false (F) and circle the correct answer for each question.

(1) In the United States 140,000 people are reported to be alcoholics.

(2) After observing the drunken monkey on Barro Colorado Island, one of the
authors formed the “drunken monkey” hypothesis.

(3) Modern primates are primarily vegetarians, that is, they mostly eat plant

materials.
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@) One million years ago, fruit was no longer the main component of the
hominid diet.

(5) Alcohol develops naturally in ripening fruit on a tree, as a result of
anaerobic fermentation, a process that occurs because of yeast.

(6) Drunken behavior of animals has been observed in many species, including
fruit bats, elephants, birds, and even butterflies.

(7) Some observations show that monkeys like their fruit as ripe as possible
because overripe fruit is full of sugar as well as alcohol.

(8) Experiments have shown that an alcoholic drink before a meal results in
people consuming fewer calories during the meal.

(9) Alcohol did not give any advantage to our primate ancestors because it is
injurious to health.

(1) Fruit flies, if exposed to high levels of ethanol, live longer and have more
offspring.

(1) Observations of genetic relatives of humans suggest that alcohol and
nutrition are related.

(120 Before industrialization, in many societies alcoholic drinks may have been
drunk more widely than water was.

(13 In the long history of evolution, alcoholism is a fairly old problem.

() The authors believe the appetite for alcohol may have been evolutionarily

built into human beings.

Answer the following questions in your own words, using complete

sentences in English:

(1) Why did humanity’s relationship with alcohol change radically in the
Middle Ages?

{2) Briefly explain why, if alcohol was beneficial to humans in the past, it has
become a problem in the present.

(3) In the last sentence of the article, what do the authors mean by “the fruits

of contemporary culture™?
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anaerobic
Astrocaryum palm
Australian Aborigines
Darwinian

diabetes

ethanol

geneticist

hominid

Micronesian Nauruans
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