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Reconstruction of extinct hominin diets is currently a topic of much interest and debate, facilitated by new
methods such as the analysis of dental calculus. It has been proposed, based on chemical analyses of calculus,
that Neanderthals self-medicated, yet this conclusion has been questioned. Gastrophagy has been suggested as
an alternative explanation for the Neanderthal data, based on ethnographic analogies, which show this practice
to have beenwidespread in traditional extantHomo sapiens diets, and nutritional evidence for its benefits at high
latitudes. Herewe expand the discussion of the potential importance of gastrophagy in human evolution by con-
sidering its role for an extant groupof tropical foragers, theHadza of Tanzania, and questioning its role in the diets
of extinct tropical hominin species. Gastrophagy is frequently practiced among the Hadza and adult men in par-
ticular consume substantial, seasonally variable, amounts of prey guts. In addition to the important fact that
gastrophagy is not a rare event, this demographic information may be useful in interpreting evidence from ar-
chaeological samples. The consumption of semi-digested chyme would have allowed extinct hominins to gain
calories from plant sources without the cost of digesting them, possibly contributing to the encephalisation
and shrinking of the gut in genus Homo. As an easy to process food-source, chyme could have likewise been an
important food source for the old and the young, potentially playing a part in reducing inter-birth intervals
and increasing reproductive success in our lineage. Thus, gastrophagymay have played a key part in human evo-
lution and its potentially confounding signal should be considered in future dietary reconstructions.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

The reconstruction of extinct hominin diets is currently a topic of
much interest and debate, partly due to the novel use, in archaeological
and anthropological disciplines, of methods such as dental calculus
analysis (e.g., Henry et al., 2011, 2012, 2014; Hardy et al., 2012; Power
et al., 2014, 2015) and the study of faecal biomarkers (Sistiaga et al.,
2014). As they sample the input and products of the body directly,
both methods reduce the risk inherent in analysing dietary proxies,
such as archaeological assemblages of bone, tool residue or use-wear,
that the sample is not from food (e.g., Hardy et al., 2001; Buck and
Stringer, 2014). Both methods also sample products not previously
targeted in such analyses, allowing for the possibility of new data
from previously collected specimens/sediment. Most importantly for
the purposes of this paper, however, these methods enable the study
of vegetable components of fossil hominins' diets inmuch greater detail
than pre-existing methods, such as isotope analysis.

The results of these new methods are not without their own ambi-
guities, however, and one article in particular has proved controversial:

Hardy et al. (2012) analysed the dental calculus of five Neanderthals
from El Sidrón cave, Spain. They found evidence compatible with the
consumption of starchy foods, probably including grass seeds, cooking
and, in one individual, the consumption of yarrow and camomile.
Hardy et al. (2012, 2013) have asserted that the evidence for these
forbs demonstrates Neanderthal self-medication. Their case rests on
the low nutritional value of these plants, their bitter taste, and long-
standing medical uses for both species among recent Homo sapiens. It
is known from aDNA analysis (Lalueza-Fox et al., 2009) that at least
one of the Neanderthals from this site (not one in Hardy and colleagues'
sample) could taste bitter flavours, although it seems that there is vari-
ation in this trait for Neanderthals, as there is for H. sapiens, and indeed
for chimpanzees (Perry et al., 2015). Hardy et al. (2012) contend that
bitter plants are usually avoided as food, as their flavour may be evi-
dence of toxicity. As Hardy and co-workers have pointed out
(Huffman, 2003; Hardy et al., 2012, 2013), many animals self-medicate
and it seems eminently plausible that Neanderthals, with their complex
cognition and behaviour, would have done the same.

Self-medication is not the only possible scenario, however. A bitter
flavour does not preclude a plant from being considered food.Many bit-
ter foods are enjoyed by humans today, including both yarrow and cam-
omile (Mabey, 1973; Kuhnlein and Turner, 1991; Nozedar, 2012).
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Furthermore, Krief et al. (2015) have recently shown that chimpanzees
preferentially consume bitter leaves to augment the flavour of certain
foods. If chimpanzees have complex conceptions of flavour, there
seems no reason to believe Neanderthals would not also have had
such conceptions. As has previously been pointed out (Buck and
Stringer, 2014), calculus analysis also suffers from the potential compli-
cation that not everything put into the mouth is food and it seems that
Neanderthals made particularly intense use of their mouths as tools
(e.g., Hylander, 1975; Smith, 1976, Krueger and Ungar, 2012). In addi-
tion to these notes of caution for the interpretation of Neanderthal
self-medication, two of us have suggested that another nonmedical ex-
planation for yarrow and chemical compounds in the El Sidrón calculus
could be gastrophagy, i.e., the consumption of the stomach and intes-
tines, sometimes including the chyme (Buck and Stringer, 2014).

In our previous paper (Buck and Stringer, 2014), we showed that
gastrophagy is a common part of traditional diets for recent H. sapiens
from different ecological niches and with different subsistence strate-
gies. Ethnographies report the consumption of stomachs or stomach
contents of many different animals, from ostrich (Low, 2009) to buffalo
(Lame Deer and Erdoes, 1972) to walrus (Fediuk, 2000) and varied rea-
sons for consumption, including ritual (Peterson andWalhof, 2002), nu-
tritional (Fediuk, 2000; Andersen, 2005; see Buck and Stringer, 2014 for
a discussion) and taste (Lame Deer and Erdoes, 1972; Fediuk, 2000). In
general these accounts garnered from the literature mention
gastrophagy in passing, as it is seldom considered of much interest
and is never the focus of the work. Older ethnographies also suffer
from a Western bias that leads to the reporting of gastrophagy in
terms of gleefully highlighting what was considered to be a disgusting
habit of a primitive people, with the aim of entertaining, rather than
considering the utility and importance of the practice (e.g., Kumlien,
1880).

The one groupwhere gastrophagy has beenmore seriously analysed
is that where its practice is most famous, among the Inuit. Two recent
studies (Fediuk, 2000; Andersen, 2005) in particular have considered
the role that gastrophagy plays within wider Inuit diet and culture. In
high latitude environments, where there is little edible vegetable food
for humans, Inuit people consume the guts and chyme of a wide range
of species, including ringed seal, bearded seal, narwhal, walrus, Arctic
hare and reindeer (Fediuk, 2000). Reindeer chyme, for example, is a
good source of some of the vitamins and minerals important for
human physiologicalmaintenance; it is high in vitamin C, E and the pre-
cursor to vitamin A, Manganese, Calcium and Iron (Fediuk, 2000;
Andersen, 2005). It is also an important source of carbohydrates
(Andersen, 2005), which are vital to avoid protein poisoning (Speth et
al., 1991; Cordain et al., 2000).

The perils of extrapolating from extant (and technologically and cul-
turally very complex) foragers to extinct hominins notwithstanding,
there are obvious parallels to be drawn between the role that
gastrophagy plays in the Inuit diet and its potential utility to Neander-
thals living in commensurately vegetable-poor environments. These
are not the only temperate-boreal hominins for which such a practice
could have been beneficial, however. There is archaeological (Parfitt et
al., 2010) and footprint (Ashton et al., 2014) evidence for hominins in
Britain at Happisburgh in Norfolk at approximately 950–800 ka. Associ-
ated pollen, plant macro remains and insects suggest an environment
that was distinctly cooler, or more continental, than Britain today,
with much colder winters (Parfitt et al., 2010). It is not known which
hominin species left the traces at Happisburgh, but currently the best
candidate isHomo antecessor (Ashton et al., 2014), as described from re-
mains at Gran Dolina, Spain at approximately 950–800 ka (Falguères,
2003; Berger et al., 2008). Since, based on current evidence, H. anteces-
sorwas less technologically sophisticated than H. neanderthalensis, how
this species survived the British climate at this period is an interesting
question. Physiological adaptation (such as increased body hair or ge-
netic changes) is a possibility, but seasonal migration on the scale nec-
essary to effect a real difference in winter climate seems unlikely,

given the distance south that would be required. Behavioural adapta-
tions to the cold such as dietary changes, therefore, are plausible as
part of a composite strategy. Preferential gastrophagy is not cognitively
demanding, and indeed is practiced by chimpanzees (Krief et al., 2015).
As part of increased carnivory, as would be expected in higher latitudes
(Cordain et al., 2000; Kelly, 2013), it could have been an important part
of a novel cold-adapted niche, providing vital carbohydrates, vitamins
andminerals for this species, as well as for themuch later Neanderthals.

2. Warm-adapted gastrophagy?

There is a strong case for the consumption of guts and chyme in tem-
perate-boreal adapted hominins and we know from ethnographic ac-
counts that it has also been practiced by extant warm-adapted forager
groups such as aboriginal Australians, the Kuria of Tanzania, and the
Khoesan and G/wi of the Kalahari (Silberbauer, 1981; O'Dea et al.,
1991, Peterson and Walhof, 2002, Low, 2009). Silberbauer writing of
the G/wi, for example, describes the consumption of prey guts and
their contents:

“The intestine is cleaned out below the duodenum which, with the
small intestine, is roasted and eaten if there are a number of mouths
to feed…The stomach of a large antelope is removed and placed on a
bed of branches to keep it away from the sand; even in the driest
season it holds 90–160 l of liquor which, although not very pleas-
ant-tasting, is a welcome substitute for water…The significance of
rumen liquor from large antelopes is considerable in the waterless
months (late March-late December)…Almost all [the liquor] was
consumed byhunters and their helpers (rumen liquor is not normal-
ly carried back to camp with the edible portions).”

[Silberbauer (1981):477]

Many such accounts, however, lack detail of the circumstances of,
and reasons for, gastrophagy. It is the aim of this paper, therefore, to ex-
amine the extent and context of gastrophagy within one particular
warm-adapted forager group, the Hadza of Tanzania. The importance
and context of gastrophagy in warm climates has been little considered
and it is of utmost interest to palaeodietary reconstructions given that,
for the vast majority of time, hominins have been exclusively tropical.
Gastrophagy, in this case the consumption of the guts excluding the
chyme, is practiced among the Hadza, as previously reported by Leach
(2013). Here we firstly describe this practice in greater detail within
the context of the well-studied Hadza diet and secondly consider the
potential advantages of gastrophagy (including the consumption of
chyme, as in the warm-adapted foragers listed above) to extinct
warm-adapted hominins and the potential implications of gastrophagy
for palaeodietary reconstructions.

The Hadza are a population of approximately 1000 individuals living
in Northern Tanzania, with approximately 350 subsisting as full-time
foragers; they are some of the last people in the world to do so. From
the Hadza we hope to begin to answer questions about the quantity
and frequency of gastrophagy, the identity of thosewhopractice itwith-
in a group, the circumstances in which it is practiced, andwhich species
are involved. From this information, it will then be possible to address
questions such as whether gastrophagy would be sufficient to leave a
trace in the calculus (or to affect other methods of dietary analysis),
whether different age/sex groups might be expected to show differen-
tial evidence of gastrophagy, whether this a preferred or a fall-back
food, if there seasonal differences, and which species of plant and ani-
mal should be considered in investigations of gastrophagy.

3. Hadza diet

The best long-running estimate of the plant to animal ratio (by kilo-
calories) eaten in camp is 53% plant-based, 32% animal-based, and 15%
honey-based (Marlowe et al., 2014). Thus, as would be expected from
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foragers at this latitude (Cordain et al., 2000), the majority of the Hadza
diet is vegetable, but there is still considerable animal input. The Hadza
have sometimes been characterized as large game specialists (Bunn and
Gurtov, 2014; Hawkes et al., 1991, 2001). However,Wood andMarlowe
(2013) have demonstrated that across seven different camps, 79% of the
animals thatmen brought back to campweighed less than 10 kg. Obser-
vations of men while foraging also demonstrate that the Hadza are not
targeting large game to the exclusion of small game and other foods
(Wood and Marlowe, 2014; Wood et al., 2014). The Hadza consume
the stomach and intestines of all the prey they kill. However, owing to
Hadza butchery practices, detailed information about the weight of car-
cass elements is currently only available for large prey. The description
of gastrophagy that follows, therefore, concerns only the large game
fraction of their diet. In a sample of seven camps reported in Wood
andMarlowe (2013), 46 large gamewere killed over a period of 242 ob-
servation days, providing 1.9 kg of carcass flesh per person per day of
observation.

A good general description of Hadza subsistence is available in
Marlowe (2010). The greatest division in Hadza diet is sex-based, with
women gathering and men hunting. Hadza men generally hunt alone,
killing birds and mammals with bows and arrows, using poison in the
case of larger game. By Kilocalories, meat forms about 40% of what
men acquire, compared to just over 1% for women (Berbesque et al.,
2011). Over the last two decades or so, the most frequently killed
large game species (those heavier than ~32 kg) have been impala,
greater kudu, lesser kudu, and zebra. Occasionally Hadza men also kill
buffalo, eland, and giraffe. An aspect of forager diet largely over-looked
until recently is food consumed away from camp, during daily foraging.
Berbesque et al. (in review) have begun to address this important die-
tary component with a study of Hadza hunters' out of camp consump-
tion over twelve years of observation across all seasons and all regions
of Hadzaland. They found that, although there is a large degree of vari-
ation, a substantial amount, if not the majority of men's daily energy
in-take, comes from foods consumed on walkabout (Berbesque et al.,
in review). Of relevance to discussions of gastrophagy, is that 59% of
meat was eaten out of camp, though this varied with the size of the an-
imal; 66% of small gamewas consumed out of camp compared to 31% of
large game (Berbesque et al., in review).

For a variety of reasons, including out of camp consumption, Hadza
men consume more meat than women. Only initiated, i.e. fully adult,
men are permitted to eat certain sacred parts of large animals
(Woodburn, 1979). The specific carcass elements that are considered
sacred varies somewhat by species, but they usually include the repro-
ductive organs, the lungs, the heart, kidneys, kidney fat, spleen, pancre-
as, the trachea, the oesophagus, the tongue, and the abdominal fat.
Initiated men eat these parts in seclusion, outside of the camp, away
from females and uninitiated younger men and children. To view the
consumption of these parts if one is not initiated is a very serious offense
in Hadza culture. Men and women also report different food prefer-
ences, with meat more highly regarded by men, and more meat con-
sumed in camp by men (Berbesque and Marlowe, 2009; Berbesque et
al., 2011). Recently, sex differences in the Hadza diet have also been
documented in research on the gut microbiome (Schnorr et al., 2014).
These studies contribute to the understanding that males are eating a
diet higher in animal protein. Sex differences in foraging patterns and
return rates have even been documented in Hadza children
(Crittenden et al., 2013), something rarely discussed as a potential fac-
tor when reconstructing ancestral human diets.

In addition to these contrasts between the sexes, there are seasonal
differences in Hadza diet. Hunting is most successful during the late dry
season (September–November), when water sources are restricted,
allowing men to reliably predict where animals will travel to drink
from remaining waterholes. Vegetable foods vary less throughout the
year. Since the Hadza take such a large variety of species and range
widely, they acquire a substantial amount of fruit and tubers across
the year (Marlowe and Berbesque, 2009).

4. Hadza gastrophagy

Having shot and wounded an animal, Hadza men typically spend
about 20 min following its tracks and blood spots in order to assess
blood loss and direction of travel. Men may continue following the ani-
mal alone until it is found seriously wounded or dead. In other cases,
hunters return to their residential group to enlist the help of a group
of men to collectively track the wounded animal, if they find the dead
animal they will then butcher the carcass as a team. During butchering,
the hunters remove the stomach and intestines and set them aside. The
stomach is sliced open and the partially digested plant materials inside
are ejected by turning the stomach ‘inside out’. Partially digested/
fermented stomach contents remain adhering to the inside of the stom-
ach. Faecal material from inside the intestines is similarly squeezed out
by hand, unavoidably leaving some contents behind. Some parts of the
kill are eaten (sometimes cooked) on the spot by hunters and others
of tracking party. Men will often slice off small portions of the stomach
and consume it raw (Fig. 1) and the liver is also eaten raw early in the
butchery process. Among the first parts of the animals to be cooked
and eaten at the kill site are the intestines as they are very thin, and
thus can be roasted and eaten quickly. The remaining carcass after pre-
liminary consumption is typically brought back to camp, to be roasted
and boiled and eaten by other members of the group.

Researchers and field assistants weigh carcass elements brought to
camp by Hadza hunters, usually recording the weights of carcass ele-
ments as they are grouped and presented by the hunters. In most
cases, the stomach or intestines are not weighed and recorded individ-
ually, but as part of a group of elements labelled ‘organs’ or ‘intestines
and stomach’. In the case of small game, which are usually not butch-
ered before being brought to camp, the only weight recorded is that of
the whole carcass. However, in nine cases, derived from work in a
camp in August and September 2005 (Table 1) we can show that a con-
siderable weights of large game gut (particularly from larger species,
such as buffalo, see Fig. 2) were regularly brought back and consumed
by the camp. The stomachs of all prey are eaten, but based on body
weight and frequency of capture, the species likely to contribute most
to Hadza gastrophagy are impala, dik-dik, eland, zebra, kudu and
buffalo.

These data do not account for any guts consumed by the hunters at
the kill site, although a significant portion of meat is consumed at this

Fig. 1. A Hadza hunter consuming raw stomach at the site of his impala kill.
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time, particularly in the case of small game (Berbesque et al., in review).
van Zyl and Ferreira (2004) have estimated that for an average adult im-
pala the emptied guts (oesophagus, rumen, reticulum, omasum, aboma-
sum, small intestine, large intestine, and caecum) weigh about 5.7 kg
(stomach= 4.8 kg, intestines = 0.9 kg). Accepting that there are likely
to be differences with region and season and that there is no informa-
tion on the maturity of the impala in the Hadza data, this allows us to
make very rough calculations ofwhat proportion of impala guts are like-
ly to have been eaten at kill sites. Where combined weights are known,
the impala guts recorded by BMW (Table 1) range from 1.9–4.3 kg
(mean = 3.3 kg, n = 5) and the stomachs range from 1 to 1.9 kg
(mean= 1.4 kg, n = 8). This means that around 2.4 kg of guts (around
40%), or 3.4 kg of stomach (around 70%) are being eaten before the car-
casses' return to camp. These estimationswill, of course, need to be ver-
ified with more data from the field, but they likely show a marked
difference in gastrophagy between men (hunters) and women and
thus echo Silberbauer's (1981, see above) findings from the G/wi, that
much gastrophagy is practiced out of camp.

5. The contribution of gastrophagy to Hadza diet

While more information is needed, we can start to address some of
the key questions identified above regarding the role of gastrophagy
in the Hadza. Larger samples, information on small game as well as
large game and data on the amount of guts eaten at kill sites, are needed
to confidently quantify the contribution of gastrophagy to the Hadza
diet, but frequent and considerable amounts (depending on size of
kill) of guts are clearly eaten. This is not a rare occurrence, nor a fall-
back food, but a normal part of day-to-day diet. Although guts are
eaten by the entire group, the fact that gastrophagy is practiced at kill
sites means that it is a muchmore important part of male diets than fe-
male diets. Given that males also consumemore meat in camp than fe-
males (Berbesque et al., 2011), they are additionally likely to consume a
higher proportion of the guts in camp. As detailed above, the guts of all
hunted species are eaten but impala, dik-dik, eland, zebra, kudu and
buffalo contribute most meat (and so, guts) to the Hadza diet. Hunting
is easier in the dry season,when animals can be foundmore predictably,
meaning that gastrophagywill be greater in thesemonths. From this in-
formation, we might expect that evidence of gastrophagy could be

present in Hadza dental calculus, as suggested for the Neanderthals of
El Sidrón (Buck and Stringer, 2014). Plant microfossils of interest
would be those from plants eaten by the grazing species identified
above, particularly those from plants which are not also eaten first-
hand by the Hadza, such as grasses and herbaceous vegetation. The like-
lihood of finding such evidence would be highest in adult (male)
hunters, as this class of individual would have engaged in the highest
levels of gastrophagy. This information urges caution in palaeodietary
studies (e.g., calculus studies) which may sample only one sex.

The reasons for Hadza gastrophagy will be addressed further in fu-
ture work, but from the information presented here we can identify
two of them. It seems likely that guts are consumed because meat is a
preferred food (particularly by men) (Berbesque et al., 2011) and so is
unlikely to be wasted. Guts are also consumed in part in the field for
practical reasons; the intestines are often roasted at kill sites because
they are quick to cook. Although the dietary importance of meat con-
sumed at kill sites is largely under-studied in living forager groups
(Berbesque et al., in review), much consideration has been given to
the reasons why different parts of a carcass may be abandoned at a
kill site, or taken back to camp in an ethnoarchaeological context (e.g.,
Binford, 1981; O'Connell et al., 1988; Lupo, 2006). The treatment of
the organs is usually overlooked, however, perhaps due to their failure
to leave lasting archaeological traces. Despite this omission, it is useful
to consider some of the factors that may play a part in decision making,
such as the cost of transporting and processing parts, the taxonomy of
the prey, the perceived rank of the part as a food item, the individual(s)
involved inmaking the decisions, the size of the carrying party, the time
of day a kill is make and the distance to camp, cooking technology, lack
of storage, risks associated with hunting, seasonal and inter-annual var-
iation in fat/muscle of prey, social influences and sharing obligations
(O'Connell et al., 1988; Lupo, 2006). Given these many variables, and
certainly others, it is not surprising that there is a great degree of varia-
tion in decision-making and it is not easy to predict what will be eaten
at a kill site and what is taken back to camp in any given situation

Table 1
Preliminary data showing guts brought back to camp byHadza hunters from 8 camps over
2 months in 2005 (BMW).

Date
Carcass
number Species Part

Weight of part when
brought to camp
(kg)

Combined
weight of guts
(kg)

14-Aug.-05 18 Impala Stomach 1.9
Intestines 1.8 3.7

22-Aug.-05 243 Impala Stomach 1.5
Intestines 2 3.5

23-Aug.-05 335 Impala Stomach 1
Intestines Unknowna

26-Aug.-05 391 Impala Stomach 1.6
Intestines 1.6 3.2

26-Aug.-05 401 Impala Stomach 1.8
Intestines Unknowna

1-Sep.-05 526 Impala Stomach 1
Intestines Unknowna

1-Sep.-05 536 Impala Stomach 1
Intestines 0.9 1.9

1-Sep.-05 545 Impala Stomach 1.5
Intestines 2.8 4.3

2-Sep.-05 580 Buffalo Stomach 14 kg
Intestines Unknownb

a Either not brought back to camp, or weighed with other parts listed as “organs”.
b Not brought back to camp.

Fig. 2. A Hadza woman carrying the ribs and stomach of a buffalo from a kill site to her
house.
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(O'Connell et al., 1988; Lupo, 2006). Similarly noone simple explanation
for gut consumption is likely to be forthcoming. Based on ethnographic
analogies from other foragers, theremay also be reasons of taste or per-
ceived health benefit, and these should be explored with the Hadza.

6. Potential benefits of gastrophagy to extinct warm-adapted
hominins

The Hadza do not intentionally consume the chyme of their prey,
only the guts themselves, although they do ingest the chyme in small
quantities due to the processing techniques employed. However,
given that other warm-adapted groups have been recorded as eating
chyme (Silberbauer, 1981; O'Dea et al., 1991; Peterson and Walhof,
2002; Low, 2009) and chimpanzees have recently been shown to con-
sume it preferentially (Krief et al., 2015), there is no reason to suppose
that extinct tropical hominins would not have done so. As carnivory
and hunting increased in hominin species (Ungar, 2004; Alemseged
and Bobe, 2009), access to the stomachs of prey would have increased
and chyme may have been targeted preferentially, resulting in several
potential benefits.

The Expensive Tissue Hypothesis (Aiello and Wheeler, 1995) states
that, as the brain and the digestive system are both metabolically ex-
pensive, increasing brain size over the course of human evolution led
to gut reduction to avoid raising basal metabolic rate. This was achieved
via a diet high in energy and low in processing cost, probably including
more meat and marrow with the potential additions of nuts or tubers
(Aiello and Wheeler, 1995). Aiello and Wheeler (1995) originally sug-
gested that this dietary shift occurred with the advent of Homo erectus;
however, more recent work has questioned the timing of some of the
morphological and physiological peculiarities potentially associated
with greater meat-eating (see Antón and Snodgrass, 2012 and
Pontzer, 2012 for reviews). Rather than the abrupt change of ecological
niche inH. erectus originally envisaged, amore complex picture has now
emerged, with changes in bodymass, encephalisation, alterations in the
pelvic and rib morphology suggesting a smaller gut, and life history
changes occurring at different times and in different places (Antón
and Snodgrass, 2012). In addition to the skeletal evidence, faunal analo-
gies and dental analyses show greater meat consumption in H. erectus
compared to contemporary Paranthropus and earlier Australopithecus
afarensis (Ungar, 2004; Alemseged and Bobe, 2009). These data suggest
a gradual change in diet and energy in-take over the course of human
evolution (Antón and Snodgrass, 2012).

Wrangham and Carmody (2010) expanded on the Expensive Tissue
Hypothesis, taking Aiello andWheeler's (1995) suggestion that cooking
could have been responsible for later encephalisation in the human lin-
eage in the Middle Pleistocene, and placing it earlier, with the origin of
H. erectus. Wrangham and Carmody (2010) see biological adaptation to
the control of fire and cooked food as the key innovation in human evo-
lution. They ascribe many of the anatomical, biological, life history and
behavioural differences between human and non-human primates,
and between H. erectus and preceding australopithecines/early Homo
to a “biological [commitment] to a cooked diet” (2010: 189). Humans
are inefficient at processingmajor nutritional molecules (such as starch
and protein) and cooking softens food, increasing fracturing. This de-
creases processing time and increases digestibility (Wrangham and
Carmody, 2010). Cooking increases the net caloric gain, which has a di-
rect effect on female reproductive success as well as allowing more en-
ergy to be devoted to brain growth (Wrangham and Carmody, 2010).
Critics have argued that, despite thewealth ofmorphological (although,
see above), ethnographic and physiological evidence to support
Wrangham et al.'s arguments, there is little archaeological evidence
for the habitual control of fire until the later Middle Pleistocene
(Shimelmitz et al., 2014; Sorensen et al., 2014). This pushes forward
the time-frame for these effects of cooking on human evolution to the
era of late H. heidelbergensis and its successors.

Chyme is partly digested by the animal fromwhich it comes, thus its
digestion costs to the consumer may be cut and net energy gain raised,
in a manner similar to cooking, leading to similar advantages to those
proposed by Wrangham and Carmody (2010). If the chyme is from a
herbivore with a specialized digestion system and microbiota capable
of digesting chitin and cellulose, which humans cannot, this provides
additional benefits in enabling access to otherwise inedible plant spe-
cies. Counter-intuitively, therefore, the plant material in chyme may
have been a key part of the beneficial role that meat had in early
human evolution and, in addition to other possible processing tech-
niques such as cooking, hominins may have gained from getting some-
thing else to do the hard work of chewing and part-digesting their
vegetable foods for them.

Above and beyond the potential energy/processing advantages of
chyme consumption for hominins as a whole, gastrophagy could have
played a particular role in the diet of the young and the old. Chyme
could potentially have been used as a ready-made baby food that was
easy for weanlings to process and digest. Earlier weaning facilitates
mothers' return to reproductive cycling and food production. This
shortens interbirth intervals (IBIs) and enables more offspring to be
supported, in addition to the more direct link between energy gain,
BMI and mothers' reproductive success (Wrangham and Carmody,
2010). Tooth loss in old age is associated with higher levels of mortality,
when other criteria are controlled for, thus the availability of foods
which require little mastication can contribute to longevity
(Wrangham and Carmody, 2010). As such a food, chyme could plausibly
have facilitated alloparent provisioning (often performed by older rela-
tives [Hawkes et al., 1998; Kaplan et al., 2000]), potentially contributing
to the reduction of IBIs seen in humans compared to other primate spe-
cies (Wells and Stock, 2007) and increasing levels of reproductive suc-
cess. In addition to their potential role in provisioning weanlings,
oldermembers of a communitymay retain important ecological knowl-
edge invaluable in environmental conditions, such as drought, that
occur infrequently. They may also contribute to the groups' food pro-
duction with tasks such as extractive foraging long after more energy-
expensive tasks become impossible (Wrangham and Carmody, 2010).

In addition to raised energy requirements during pregnancy and lac-
tation,mothers and foetuses require additionalmicronutrients (Hockett
and Haws, 2003; Allen, 2005; Berti et al., 2011; Hockett, 2012). Particu-
larly crucial micronutrients include B vitamins, vitamins A and D, iron,
calcium and iodine (Allen, 2005; Berti et al., 2011). Micronutrient defi-
ciency in the mother at any stage from periconception through to
weaning can lead to reduced fertility and adverse pregnancy outcomes
such as preterm delivery, miscarriage and still births, increased mater-
nal mortality and preeclampsia (B vitamins, vitamin A, vitamin D, iron,
iodine, calcium) or developmental problems for the child, including
neural defects (folate, iodine, iron), low birth weight (iron), poor skeletal
growth and dental mineralisation (vitamin D, calcium) and behavioural
and mental abnormalities (iron, iodine) (Allen, 2005; Berti et al., 2011).
Over the long term, deficiency inmicronutrients such as vitaminD during
gestation is also thought to increase susceptibility to common diseases.
(Berti et al., 2011). For all these reasons, a diverse diet with a wide
range of micronutrients is necessary for reproductive success.

To our knowledge, there is no detailed analysis of the micronutrient
composition of organs or chyme in tropical species likely to have been
available to extinct hominins in Africa. However, there is some data of
relevance to hominin species such as Neanderthals andH. antecessor liv-
ing in more temperate climates. Reindeer stomach and bearded seal in-
testines are both sources of vitamin A, calcium, iron and zinc in the
traditional Inuit diet (Andersen, 2005). Of these micronutrients, both
are particularly high in calcium. They are two of the richest sources of
this micronutrient studied in Andersen's (2005) comprehensive study
of 39 species broken down into (depending on what parts are eaten of
that species) nutritional values for muscle, liver, blubber, kidney, eyes,
brain, flippers, heart, fat, oil, intestines, bone marrow, lungs, stomach,
tongue, berries, leaves, stem or buds. Further to the benefits of
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consuming the organs themselves, as suggested above, the chyme of
herbivores as a scarce vegetable food source in plant poor regions is
likely to have been nutritionally as well as energetically beneficial to
pregnant and nursing mothers. Plant foods such as leafy vegetables
are rich in vitamin A precursors, which are vital in foetal visual, immune
system and lung development (Berti et al., 2011) and compared to ter-
restrial mammals (muscle and organs), shellfish, birds and fish, plants
have relatively high levels of vitamin A, vitamin D and calcium
(Hockett and Haws, 2003). Carbohydrates from vegetable foods are
also important during pregnancy and lactation, not only due to in-
creased energy demands, but because high levels of protein block calci-
um absorption (Hockett, 2012). Gastrophagy is therefore likely to have
been particularly beneficial during pregnancy and lactation when re-
quirements for calcium and other micronutrients is greater.

7. Potential implications of gastrophagy for palaeodietary
reconstructions

The practice of gastrophagy in the Hadza highlights the need to con-
sider the possible effects of secondarily consumed (i.e., via gastrophagy)
plant material. If sample sizes are very small, as is common when deal-
ing with fossil species, relatively few plant remains could potentially
confuse interpretations of diet using methods such as calculus analysis.
Further investigation should be carried out into whether such practices
might also potentially confound other methods such as microwear and
isotope analyses. For example, the possibility should be investigated
that chyme, originating from a higher trophic level than primarily
ingested plant food, could enrich isotopic Nitrogen signals and confuse
dietary interpretations. This would be analogous with what is seen in
nursing infants, who show enriched Nitrogen signals compared to
their mothers (Fuller et al., 2006; Humphrey, 2014).

A theoretical example of a case where gastrophagy could influence
dietary reconstructions is Australopithecus sediba, which appears to
have an extremely unusual diet for a hominin, including bark and leaves
(Henry et al., 2012). It is pertinent to considerwhat effect the consump-
tion of chyme from a bark-eating animal, such as a vervet monkey
(Tournier et al., 2014) or porcupine (Kingdon, 1997), could have on
the reconstruction of A. sediba's diet. Henry and her colleagues are
leaders in this field and used several different methods (calculus,
microwear and isotope analyses) to infer diet in this species; it is not
our intention to imply that they are incorrect in their conclusion,merely
to use A. sediba as an interesting example of how secondary sources of
plant remains could be important in palaeoanthropological analyses.

8. Other potentially confounding sources of plant material

In addition to the potentially confounding effects of gastrophagy,
there are other ways in which plant material could be unintentionally
consumed by foragers. As Speth (2012) points out, the simplest and ear-
liest vessels for transporting and heating liquids were probably animal
organs, such as the stomach (see also Silberbauer, 1981), and plant re-
mains are likely to have remained adhering to the inside of such vessels
after butchery and during use. Among the Hadza, after butchering an
animal,men's hands and lower arms are often covered in dried and dry-
ing blood. To wash off such blood, men will in some instances use the
still-damp contents of the stomach. It is easy to imagine how this
might then lead to transference of some plant remains to the mouth
during eating (see Fig. 1).

Even if they are not eaten, plant remains from herbivore guts should
be considered as a possible contaminant in reconstructions of diet.
Transport of carcasses to living sites for processing and consumption
could lead to plant remains in sediment, which could bemisinterpreted
as evidence of plant foods (e.g., Madella et al., 2002). In this context,
charred plant remains could also be due to cooking guts, rather than
cooking the plants themselves as the primary focus as food (e.g., Lev
et al., 2005). Plant materials recovered from residue on stone tools

could also confuse dietary and behavioural reconstructions if the plant
remains originate from the butchering of an animal and cutting through
guts, and these are then interpreted as the consequence of plant pro-
cessing. It is certainly not our intention to suggest that fossil hominins
were not exploiting plant resources (see also Buck and Stringer,
2014), merely to caution that herbivore guts and gut contents should
be considered when the archaeological and anthropological evidence
is interpreted.

9. Conclusions

The frequency and range of gastrophagy reported in the ethno-
graphic record suggests that this is a human practicewith a longhistory.
Although clear benefits can be seen for boreal and cold-adapted recent
H. sapiens and extinct hominins, such as Neanderthals and the
Happisburgh hominins, the context for gastrophagy in warm environ-
ments is poorly known. Here we present preliminary data from a
group of extant foragers who practice gastrophagy, the Hadza. We can
conclude from these initial investigations that gastrophagy is a common
and frequent (though seasonally variable) part of theHadza diet, partic-
ularly for men, given the larger meat component of their diets. Further
investigation into the reasons for Hadza gastrophagy are necessary, in
addition to more comprehensive data on the contribution of small
prey and animal foods eaten out of camp. Comparisons with other for-
agers would be of interest particularly, if possible, in groups that con-
sume chyme as well as the guts themselves. Since few people today
subsist exclusively on forager diets, these investigations may be limited
by what is available in the ethnographic record, and this highlights the
importance of the ‘real time’ information from the Hadza, as presented
here.

We believe that gastrophagy would have been an additional benefit
to the often cited importance of increased carnivory to extinct hominins
in Africa. We see the practice in a complementary (and possibly earlier)
role to cooking in optimizing improved dietary energy gain/metabolic
cost ratios enabled by increases in meat eating. Gastrophagy may have
contributed to the energy surplus that enabled encephalisation in our
lineage. We suggest that, if gastrophagy can be expected to have been
practiced by fossil hominins, as suggested by analogies to extant and re-
cent human foragers living in similar environments as well as to chim-
panzees, we must consider its potential influence on analyses of plant
evidence fromhominin remains, archaeological sites and archaeological
remains.

The data and knowledge of relevance to a single research question
are often encased within different disciplines; our experiences in inves-
tigating gastrophagy show the importance of social anthropologists,
evolutionary biologists, palaeoanthropologists and archaeologists shar-
ing their expertise in interdisciplinary collaborations.
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