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African apes and humans share a genetic mutation that
enables them to effectively metabolize ethanol. However,
voluntary ethanol consumption in this evolutionary radiation is
documented only in modern humans. Here, we report evidence
of the long-term and recurrent ingestion of ethanol from the
raffia palm (Raphia hookeri, Arecaceae) by wild chimpanzees
(Pan troglodytes verus) at Bossou in Guinea, West Africa, from
1995 to 2012. Chimpanzees at Bossou ingest this alcoholic
beverage, often in large quantities, despite an average presence
of ethanol of 3.1% alcohol by volume (ABV) and up to 6.9%
ABV. Local people tap raffia palms and the sap collects in

2015 The Authors. Published by the Royal Society under the terms of the Creative Commons
Attribution License http://creativecommons.org/licenses/by/4.0/, which permits unrestricted
use, provided the original author and source are credited.

 on June 16, 2015http://rsos.royalsocietypublishing.org/Downloaded from 

http://crossmark.crossref.org/dialog/?doi=10.1098/rsos.150150&domain=pdf&date_stamp=2015-06-09
mailto:hock@fcsh.unl.pt
http://orcid.org/0000-0002-6187-644X
http://rsos.royalsocietypublishing.org/


2

rsos.royalsocietypublishing.org
R.Soc.opensci.2:150150

................................................
plastic containers, and chimpanzees use elementary technology—a leafy tool—to obtain this
fermenting sap. These data show that ethanol does not act as a deterrent to feeding in this community
of wild apes, supporting the idea that the last common ancestor of living African apes and modern
humans was not averse to ingesting foods containing ethanol.

1. Background
The ‘drunken monkey hypothesis’ states that natural selection favoured those primates with an attraction
to ethanol (commonly referred to as alcohol) because it was associated with proximate benefits (e.g.
acting as an appetite stimulant or a cue to finding fruit, or as an unavoidable consequence of a
frugivorous diet, etc.), consequently increasing caloric gains [1,2]. Anecdotes about wild non-human
primates ingesting ethanol abound, although most remain non-validated, with few exceptions. The slow
loris (Nycticebus coucang) ingests fermented nectar (of up to 3.8% ethanol content) from the Bertam palm
(Eugeissona tristis) [3]. Introduced green monkeys, Chlorocebus sabaeus, on St Kitts target tourist cocktails,
although quantitative behavioural data examining ethanol consumption have been published only on
captive monkeys in a nearby facility [4,5]. Empirical data on primate ethanol ingestion in nature are
required to examine the conditions that might favour ethanol consumption in primates, for example as
a by-product of frugivory [6]. However, Milton [7] argued based on questionnaires on primate feeding
behaviour directed at field primatologists that primates are not attracted to, and rarely eat, over-ripe fruit
(which contain higher levels of ethanol than unripe or ripe fruit [8]), and so intoxication in the wild is
almost non-existent.

Despite the apparent rarity of ethanol ingestion among non-human primates in nature, ethanol
consumption occurs in every modern human society that has access to fermentable raw materials [9].
Hence, it has been suggested that ethanol ingestion provided an adaptive benefit to human ancestors,
and by extension, perhaps also other apes. From different points in the approximately 70 Myr of primate
evolution, Carrigan et al. [10] resurrected ancestral alcohol dehydrogenase 4 enzymes (an enzyme
expressed in the upper gastrointestinal tract) and identified a single mutation occurring about 10 Ma,
when the last common ancestor of living African apes and modern humans [11] experienced a genetic
mutation that increased by 40-fold the rate that ethanol was metabolized. Our observational study details
habitual (i.e. occurs repeatedly in several individuals) ethanol consumption among Bossou chimpanzees
in West Africa, thus bolstering this molecular finding by demonstrating that ethanol does not act as a
deterrent to feeding in this community of wild apes.

2. Methods
Raffia palms, which occur naturally in seasonally flooded areas [12], are traditionally tapped by humans
close to the crown of mature palms, which produces fermented palm sap year-round [13]. The natural
sugars in the palm sap quickly ferment into ethanol. Villagers at Bossou, Guinea install a modified plastic
container (of 5–30 l volume) to collect the dripping sap, and then cover the container with leaves to avoid
contamination. The tappers collect all the fermented sap from the container in the early morning (06.00–
08.00 h) and late afternoon (16.00–18.00 h), and it is usually consumed quickly (i.e. within 24 h) without
processing.

Local harvesters are fully aware of the increased risks of tapping raffia palms within the chimpanzees’
home range area, but do not remain in proximity to the palm throughout the day, making it difficult
to guard against chimpanzee feeding. Over the years, Bossou researchers have witnessed chimpanzees
ingesting the palm sap; several individuals sometimes take part in a single drinking session. Each
individual was coded for only one event per session (for independence of data-points). We defined a
drinking event from when an individual inserted a drinking tool into the container until that individual
ceased drinking and descended to the ground. We defined a drinking session from when the first
individual of a party started to drink until the last remaining chimpanzee at the top of the crown
ceased drinking and descended the palm. Within a drinking session, we analysed drinking events per
individual. Individuals of 12 years and older were classified as adults, and individuals aged less than 12
years were classed as immatures [14]. Infants (0–3 years) were excluded from all analyses, as they did
not make and use their own drinking tools [15]. The duration of drinking events was included only if
we saw the complete drinking event. We did not test individual differences in palm sap ingestion, as the
number of observations per individual was too low.
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Figure 1. Box plot (showing maximum and minimum values as whiskers above and below the central rectangle which spans the first
quartile to the third quartile; the segment inside the rectangle shows the median, and outliers are open circles) for % alcohol by volume
(ABV) of palm sap from 16 raffia palms, collected at 2 h intervals (i.e. 08.00–18.00 h) throughout the day. Data presented in figure 1 come
from 88 samples (maximum of six samples collected daily per raffia palm; data were unavailable for only eight of 96 samples that could
have been collected, see electronic supplementary material, table S1). Sap sampled at 08.00 h had accumulated overnight, about 14 h
after the previous batch of fermented sap was harvested. Following the morning harvest, fresh sap accumulated in the container until
the evening harvest.

Chimpanzees use leaves as tools in various contexts. To ingest fluids, chimpanzees often use leafy
tools, a technique that is ubiquitous among wild chimpanzee communities [16]. An individual detaches
leaves, and then folds or crumples them inside the mouth to produce a drinking tool, i.e. a leaf-fold,
leaf-scoop or a leaf-sponge [17,18]. The tool is immersed in the fluid, then retrieved and inserted into the
mouth for compressive extraction between the tongue and palate [19]. We analysed 12 drinking events
from video-clips (from seven individuals FF, YL, JJ, VI, Yo, Jr, Ju, over six sessions) in which the drinking
individual was clearly observable, to calculate the rate of drinking (i.e. how many dips per min). Adults
averaged 9.25 dips min−1 (n = 9, s.d.: 2.21) and immatures averaged 9.7 dips min−1 (n = 3, s.d.: 4.40).
Tonooka [17] calculated that in each drinking action, an individual (age-classes combined) sucked-up
approximately 10 ml of water using a leaf tool, but the range was probably 10–50 ml per dip [15,19]. For
calculations, we use the 10 ml value as a conservative measure of fluid obtained per dip. However, as
leafy tools made by immatures were less efficient than those of adults (tended to be smaller and carry a
smaller volume of water) [15,18,19], we used data only from adult individuals for subsequent analyses.
We estimated how many dips an adult individual made based on the duration of the drinking event
(i.e. drinking duration in minutes multiplied by 9.25).

We calculated the ethanol content (% alcohol by volume (% ABV)) of palm sap using refractometer
(Zeiss) and hydrometer (SG) readings from 16 raffia trees occurring within the chimpanzees’ home
range. We collected samples at times when chimpanzees usually obtained the accumulated sap.
Typical accuracy of these instruments is generally ±0.5% ABV. We took all measurements within the
temperature limits of the refractometer and avoided direct sunlight. For each sample, 100 ml of palm
sap was collected in situ at the morning harvest (06.00–08.00 h), and every 2 h thereafter, until the
evening harvest (16.00–18.00 h), and hydrometer and refractometer readings were taken immediately.
To ensure that calculations of ethanol quantities ingested by chimpanzees represented the time of
day a chimpanzee drinking session occurred, we divided time of day into two categories: (i) high
ethanol—08.00, 16.00, 18.00 h, where sap averaged more than 3% ethanol, and (ii) low ethanol—10.00–
14.00 h where sap averaged below 3% (figure 1). During the high ethanol time of day, sap averaged
3.5% ABV. During the low ethanol time of day, sap averaged 2.8% ABV. For each adult fermented
palm sap drinking event for which drinking duration data were available (n = 28), we calculated the
approximate amount of ethanol ingested by each individual (ml). Means are presented with standard
errors.
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Figure 2. Adult male chimpanzee (FF) uses a leaf tool to drink raffia sap from a container (see also electronic supplementary material,
video S1): (a) FF inserts right hand holding the leaf tool into the fermented palm sap container, (b) retrieves the leaf tool that is soaked
in fermented palm sap and (c) transfers the soaked leaf tool to his mouth to drink the palm sap it carries (photos by M. Nakamura, 28
December 1996, see electronic supplementary material, table S2, session 2).

3. Results
The ethanol content of palm sap collected from 16 raffia palms within the Bossou chimpanzees’ home
range averaged 3.1 ± 0.2% ABV. Between 06.00 and 18.00 h, the maximum ethanol content recorded was
6.9% ABV (figure 1). The elapsed time since the sap in the container had last been collected influenced the
ethanol content of the sap (i.e. the ethanol content of sap draining into the container continued to increase
after the early morning or late afternoon collection; electronic supplementary material, table S1), but trees
also varied significantly (repeated-measures ANOVA: time: F5,67 = 5.42, p < 0.001; tree: F15,67 = 18.16,
p < 0.001).

Over 17 years, we observed 51 fermented palm sap drinking events recorded during 20 drinking
sessions involving 13 adult and immature individuals (electronic supplementary material, table S2).
Chimpanzees always used a leaf tool to drink, making a crushed or folded leaf ‘sponge’ from the leaves
placed as a protective covering by villagers or from plants growing nearby. This absorbent extractive tool
was dipped into the small opening of the fermented palm sap container (see [19] for an ethogram of leaf
tool-use), then retrieved and put into the mouth for drinking. Individuals either co-drank, with drinkers
alternating dips of their leaf-sponges into the fermented palm sap [20], or one individual monopolized
the container (figure 2 and electronic supplementary video S1, also see [21]), while others waited their
turn. Thirteen of 26 adult and immature individuals present in the Bossou community between 1995 and
2012 (excluding infants) were never seen ingesting palm sap (see [21] for Bossou lineage).

Chimpanzees drank palm sap at a rate of 0.18 sessions 100 h−1 (i.e. three drinking sessions were
observed in 1673 h of observation over a 12-month period) [22]. Drinking sessions occurred across
months and seasons and at various times of the day (from 07.00 to 17.54 h), with no evidence
of chimpanzees ingesting palm sap at night. Adult individuals averaged 9.25 ± 0.74 dips per min
(calculated from nine video-clips of independent drinking events). Adult drinking events ranged from
50 to 1920 s (mean: 636 s ± 103, n = 28 events, six individuals), with individuals averaging 1.0 ± 0.2 l of
fermented palm sap per drinking event (n = 28; range = 0.1–3.0 l). Males accounted for 34 of the 51 events;
however, one adult male in particular (FF) accounted for 14 of 51 events (electronic supplementary
material, table S2). The amount of ethanol ingested per event ranged from about 2.5 to 84.9 ml (electronic
supplementary material, table S2), with no sex difference (males: mean = 31.3 ± 5.3; females: mean =
25.1 ± 11.8; one-way ANOVA: F1,26 = 0.319, p = 0.57). An individual that ingested a small quantity of
palm sap in one drinking event could ingest a greater quantity in other events, and an individual
that ingested a high quantity in one event was not averse to ingesting ethanol again shortly thereafter
(electronic supplementary material, table S2).

4. Discussion
We document the first quantitative assessment of chimpanzees ingesting ethanol in the wild.
Chimpanzees ingest fermented palm sap at Bossou rarely, but habitually. They use leaves to soak up
and drink the sap, and like other chimpanzee communities that produce tools for drinking (e.g. moss-
sponging at Budongo, Uganda [23]), the behaviour is consistent with some degree of social transmission
[16]. All age and sex classes ingested palm sap, and there was no sex bias in the quantity of ethanol
ingested during a feeding event. In addition, there does not appear to be a pattern in the amounts
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ingested by the same individual in different events. Some of the chimpanzees at Bossou consumed
significant quantities of ethanol and displayed behavioural signs of inebriation. Researchers rarely
collected detailed behavioural data before versus after exposure to ethanol, but some drinkers rested
directly after imbibing fermented sap.

Fruits ferment naturally and regular ethanol consumption in the wild may be an unavoidable
consequence of a frugivorous lifestyle. In the cases documented here, chimpanzees drank the fermented
sap of raffia, and hence ethanol consumption was not a direct by-product of frugivory. Furthermore,
raffia palm sap drinking is opportunistic, relying on a person having installed the specialized equipment
to drain the sap from a mature palm. Other factors beyond the apes’ control limit its exposure to
fermented palm sap: raffia palms are scarce within the chimpanzees’ core range (being mostly found
in wetter areas of their range), and while a palm may produce fermented sap for several weeks, it dies
after production.

Raffia sap has a rich composition of vitamins and minerals [24], and provides energy in the form of
sugars, mostly sucrose and glucose. The simple sugar content [25], approximately 10%, makes it sweet
and palatable, even with ethanol. The raffia palm sap ferments very quickly and the ethanol produces
a distinctive odour and taste. Nonetheless, we observed individuals repeatedly consuming fermented
palm sap—often in large quantities—suggesting that accidental ethanol ingestion is unlikely. Our results
clearly indicate that ethanol is not an absolute deterrent to chimpanzee feeding in this community. An
experimental trial to provide chimpanzees with access to fermenting and non-fermenting palm sap
is needed to test if gustation is a straightforward proximate explanation for the fermented palm sap
ingestion (i.e. whether ethanol is an attractant).

Chimpanzees are intelligent, highly dextrous and variably technical; they use tools to access hard-
to-reach food sources [26,27]. Lacking natural containers, Bossou chimpanzees use leaf tools to access
fermented palm sap that has been tapped by people, and show no evidence of being able to obtain sap
without human affordance. However, wild sources of ethanol (including fermented fruits and nectars)
are available to chimpanzees, as for other primates [2,3], but quantitative measurements of ethanol
coupled with direct observations of feeding behaviour are as yet lacking. Unlike examples of primates
ingesting anthropogenic sources of ethanol elsewhere, such as introduced green monkeys at St Kitts
targeting tourist cocktails, chimpanzee attraction to fermented palm sap at Bossou does not result from
former provisioning of ethanol by local people.

Carrigan et al. [10] suggest that an enhanced ability to metabolize ethanol in the last common
ancestor of living African apes and humans may have arisen from a more terrestrial lifestyle with
its increased likelihood of encountering fermenting fruits on the ground. Apes rarely feed on fleshy
fruits after they have fallen to the ground, although some fruit species, such as Parinari spp. and
Treculia africana, are often gathered by chimpanzees from the ground and eaten [28–30]. Data on
ethanol ingestion (if present) among gorillas (Gorilla gorilla) and bonobos (Pan paniscus) would be
useful to understand the conditions that favoured this molecular adaptation. Further palaeogenetic
and ethological research may offer insight into potential subspecies and interpopulation differences in
chimpanzees’ ability to oxidize ethanol [10]. Relevant are the roles of different alcohol dehydrogenases
[31], the ethanol content of different fruits that vary in their defences against fermentation, and
chimpanzee strategies when foraging on foods containing ethanol (i.e. their importance in the diet or
role as fallback foods). Examination of these factors should allow further specific testing of the ‘drunken
monkey hypothesis’.

Ethics. All research involving wild chimpanzees was non-invasive and strictly adhered to ethics guidelines detailed
by the Association for the Study of Animal Behaviour (UK), and the ethical committee at the Center for African Area
Studies at Kyoto University. Permission to carry out this fieldwork was granted by the Direction Nationale de la
Recherche Scientifique et de l’Innovation Technologique (DNRSIT) and Institut de Recherche Environnementale de
Bossou (IREB), and adheres to the legal requirements of the Republic of Guinea in which the research was conducted.
Data accessibility. Data can be found in the electronic supplementary material.
Authors’ contributions. K.H., W.M. and T.M. conceived and designed the study; K.H., N.B.M., S.C., M.F., T.H., M.N., G.O.,
Y.Y., G.Y. and T.M. collected the field data; K.H. analysed the data and drafted the manuscript; W.M. helped draft the
manuscript; all authors revised the article critically for intellectual content and gave final approval for publication.
Competing interests. We have no competing interests.
Funding. Research was supported by: a research fellowship and research grant PTDC/CS-ANT/121124/2010 to K.H.
from Fundação para a Ciência e a Tecnologia, Portugal, MEXT grants nos. 20002001 and 24000001, and JSPS-U04-
PWS to T.M. who supported most field research costs, a Leverhulme Trust Emeritus Fellowship to W.M., and JSPS
KAKENHI grants nos. 25300012 and 24310182 and a RIHN initiative-based project E0-5 to G.Y.

 on June 16, 2015http://rsos.royalsocietypublishing.org/Downloaded from 

http://rsos.royalsocietypublishing.org/


6

rsos.royalsocietypublishing.org
R.Soc.opensci.2:150150

................................................
Acknowledgements. We thank the DNRSIT and A. G. Soumah, Director of the IREB, Guinea and local research assistants
for invaluable help, and Bossou villagers for continuing support. We thank Claudia Sousa for comments on an earlier
version of the manuscript and for sharing her expertise on leaf tool use by chimpanzees.

References
1. Dudley R. 2000 Evolutionary origins of human

alcoholism in primate frugivory. Q. Rev. Biol. 75,
3–15. (doi:10.1086/393255)

2. Dudley R. 2014 The drunken monkey: why we drink
and abuse alcohol. Berkeley, CA: University of
California Press.

3. Wiens F, Zitzmann A, Lachance M, Yegles M, Pragst
F, Wurst FM, von Holst D, Guan SL, Spanagel R. 2008
Chronic intake of fermented floral nectar by wild
treeshrews. Proc. Natl Acad. Sci. USA 105,
10 426–10 431. (doi:10.1073/pnas.
0801628105)

4. Juarez J, Guzman-Flores C, Ervin FR, Palmour RM.
1993 Voluntary alcohol consumption in vervet
monkeys: Individual, sex, and age differences.
Pharmacol. Biochem. Behav. 46, 985–988. (doi:
10.1016/0091-3057(93)90232-I)

5. Ervin F, Palmour RM, Young SN, Guzman-Flores C,
Juarez J. 1990 Voluntary consumption of beverage
alcohol by vervet monkeys: population screening,
descriptive behavior and biochemical measures.
Pharmacol. Biochem. Behav. 36, 367–373. (doi:10.
1016/0091-3057(90)90417-G)

6. McGrewWC. 2011 Natural ingestion of ethanol by
animals: why? In Liquid bread: beer and brewing in
cross-cultural perspective (eds W Schiefenhövel,
H Macbeth), pp. 13–19. Oxford, UK: Berghahn.

7. Milton K. 2004 Ferment in the family tree: does a
frugivorousdietaryheritage influence contemporary
patterns of human ethanol use? Integr. Comp. Biol.
44, 304–314. (doi:10.1093/icb/44.4.304)

8. Dudley R. 2004 Ethanol, fruit ripening, and the
historical origins of human alcoholism in primate
frugivory. Integr. Comp. Biol. 44, 315–323. (doi:10.
1093/icb/44.4.315)

9. Brown DE. 1991 Human universals. New York:
McGraw-Hill.

10. Carrigan MA, Uryasev O, Frye CB, Eckman BL, Myers
CR, Hurley TD, Benner SA. 2014 Hominids adapted to
metabolize ethanol long before human-directed
fermentation. Proc. Natl Acad. Sci. USA 112,
458–463. (doi:10.1073/pnas.1404167111)

11. Prado-Martinez J et al. 2013 Great ape genetic
diversity and population history. Nature 499,
471–475. (doi:10.1038/nature12228)

12. Adam JG. 1981 Flore descriptive des Monts Nimba,
Côte d’Ivoire, Guinée, Libéria. Paris, France: CNRS.

13. Ito M. 2010 Living with palm wine: utilization of
Raphia palm in tropical forest region of the Republic
of Guinea. In Ecological history of forest dwellers:
peoples, nature and history in African tropical forest
(eds D Kimura, K Kitanishi), pp. 243–261. Kyoto,
Japan: Kyoto University Press.

14. Matsuzawa T. 2006 Sociocognitive development in
chimpanzees: a synthesis of laboratory work and
fieldwork. In Cognitive development in chimpanzees
(eds T Matsuzawa, M Tomonaga, M Tanaka),
pp. 3–33. Tokyo, Japan: Springer.

15. Biro D, Sousa C, Matsuzawa T. 2006 Ontogeny and
cultural propagation of tool use by wild
chimpanzees at Bossou, Guinea: case studies in nut
cracking and leaf folding. In Cognitive development
in chimpanzees (eds T Matsuzawa, M Tomonaga,
M Tanaka), pp. 476–508. Tokyo, Japan:
Springer.

16. Whiten A, Goodall J, McGrewWC, Nishida T,
Reynolds V, Sugiyama Y, Tutin CEG, Wrangham RW,
Boesch C. 1999 Cultures in chimpanzees. Nature
399, 682–685. (doi:10.1038/21415)

17. Tonooka R. 2001 Leaf-folding behavior for drinking
water by wild chimpanzees (Pan troglodytes verus)
at Bossou, Guinea. Anim. Cogn. 4, 325–334. (doi:10.
1007/s100710100110)

18. Sousa C. 2011 Use of leaves for drinking water. In The
chimpanzees of Bossou and Nimba (eds
T Matsuzawa, T Humle, Y Sugiyama), pp. 85–96.
Tokyo, Japan: Springer.

19. Sousa C, Biro D, Matsuzawa T. 2009 Leaf-tool use for
drinking water by wild chimpanzees (Pan
troglodytes): acquisition patterns and handedness.
Anim. Cogn. 12, 115–125. (doi:10.1007/s10071-009-
0278-0)

20. Ohashi G. 2006 Behavioral repertoire of tool use in
the wild chimpanzees at Bossou. In Cognitive
development in chimpanzees (eds T Matsuzawa,
M Tomonaga, M Tanaka), pp. 439–451. Tokyo,
Japan: Springer.

21. Matsuzawa T, Humle T, Sugiyama Y. 2011 The
chimpanzees of Bossou and Nimba. Tokyo, Japan:
Springer.

22. Hockings KJ, Anderson JR, Matsuzawa T. 2009 Use of
wild and cultivated foods by chimpanzees at
Bossou, Republic of Guinea: feeding dynamics in a
human-influenced environment. Am. J. Primatol.
71, 636–646. (doi:10.1002/ajp.20698)

23. Hobaiter C, Poisot T, Zuberbühler K, Hoppitt W,
Gruber T. 2014 Social network analysis shows direct
evidence for social transmission of tool use in wild
chimpanzees. PLoS Biol. 12, e1001960. (doi:10.1371/
journal.pbio.1001960)

24. Akpabio UD, Akpakpan AE, Udo UE, Essien UC. 2012
Physicochemical characterization of exudates from
raffia palm (Raphia hookeri). Adv. Appl. Sci. Res. 3,
838–843.

25. Karamoko D, Djeni NT, N’guessan KF, Bouatenin KM,
Dje KM. 2012 The biochemical and microbiological
quality of palm wine samples produced at different
periods during tapping and changes which occurred
during their storage. Food Control 26, 504–511. (doi:
10.1016/j.foodcont.2012.02.018)

26. McGrewWC. 2004 The cultured chimpanzee:
reflections on cultural primatology. Cambridge, UK:
Cambridge University Press.

27. Nishida T, Zamma K, Matsusaka T, Inaba A, McGrew
WC. 2010 Chimpanzee behavior in the wild: an
audio-visual encyclopedia. Tokyo, Japan: Springer.

28. Bethell E. 2003 Tipsy chimps: a reflection on three
past members of the Sonso community. Budongo
Forest Project Newsl. 5, 5.

29. Koops K, McGrewWC, Matsuzawa T. 2010 Do
chimpanzees (Pan troglodytes) use cleavers and
anvils to fracture Treculia africana fruits?
Preliminary data on a new form of percussive
technology. Primates 51, 175–178. (doi:10.1007/
s10329-009-0178-6)

30. Takemoto H. 2004 Seasonal change in terrestriality
of chimpanzees in relation to microclimate in the
tropical forest. Am. J. Phys. Anthropol. 124, 81–92.
(doi:10.1002/ajpa.10342)

31. Carrigan MA, Uryasev O, Davis RP, Zhai L, Hurley TD,
Benner SA. 2012 The natural history of class I
primate alcohol dehydrogenases includes gene
duplication, gene loss, and gene conversion.
PLoS ONE 7, e41175. (doi:10.1371/journal.pone.
0041175)

 on June 16, 2015http://rsos.royalsocietypublishing.org/Downloaded from 

http://dx.doi.org/doi:10.1086/393255
http://dx.doi.org/doi:10.1073/pnas.0801628105
http://dx.doi.org/doi:10.1073/pnas.0801628105
http://dx.doi.org/doi:10.1016/0091-3057(93)90232-I
http://dx.doi.org/doi:10.1016/0091-3057(93)90232-I
http://dx.doi.org/doi:10.1016/0091-3057(90)90417-G
http://dx.doi.org/doi:10.1016/0091-3057(90)90417-G
http://dx.doi.org/doi:10.1093/icb/44.4.304
http://dx.doi.org/doi:10.1093/icb/44.4.315
http://dx.doi.org/doi:10.1093/icb/44.4.315
http://dx.doi.org/doi:10.1073/pnas.1404167111
http://dx.doi.org/doi:10.1038/nature12228
http://dx.doi.org/doi:10.1038/21415
http://dx.doi.org/doi:10.1007/s100710100110
http://dx.doi.org/doi:10.1007/s100710100110
http://dx.doi.org/doi:10.1007/s10071-009-0278-0
http://dx.doi.org/doi:10.1007/s10071-009-0278-0
http://dx.doi.org/doi:10.1002/ajp.20698
http://dx.doi.org/doi:10.1371/journal.pbio.1001960
http://dx.doi.org/doi:10.1371/journal.pbio.1001960
http://dx.doi.org/doi:10.1016/j.foodcont.2012.02.018
http://dx.doi.org/doi:10.1016/j.foodcont.2012.02.018
http://dx.doi.org/doi:10.1007/s10329-009-0178-6
http://dx.doi.org/doi:10.1007/s10329-009-0178-6
http://dx.doi.org/doi:10.1002/ajpa.10342
http://dx.doi.org/doi:10.1371/journal.pone.0041175
http://dx.doi.org/doi:10.1371/journal.pone.0041175
http://rsos.royalsocietypublishing.org/

	Background
	Methods
	Results
	Discussion
	References

