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Abstract

Modern human (Homo sapiens) children are generally considered to be dependent on older individuals for foods,

even after weaning. However, recent studies of hunter-gatherer societies have reported that children can also

acquire food by themselves, although the degree of self-provisioning by children differs among groups and is

considered a facultative adaptation. To investigate the dependence of children on older individuals for food and

the importance of self-provisioning in early hominins, I examined feeding behavior in wild, immature

chimpanzees (Pan troglodytes schweinfurthii). 1 studied 19 mother-offspring chimpanzee pairs in the Mahale

Mountains National Park, Tanzania for approximately 22 months. Feeding behavior and interactions between

mothers and their offspring were recorded. The results supported these three predictions: (1) immature

chimpanzees need to feed more frequently than mothers because of increased basal metabolic rate and immature

stomach capacity; (2) mothers provide effective opportunities to feed on high-quality food items which are

similar to those of the mothers’; and (3) when feeding independently of their mothers, immature chimpanzees

consume highly accessibile food including non-adult foods nearby mothers to avoid getting lost and physical

burden as with self-provisioning of human children in hunter gatherer societies. During non-simultaneous

feeding bouts, immature individuals frequently consumed pith and wood. They may be valuable food items for

immature individuals during their growth stage because they can be consumed year round and contain relatively

higher crude ash and protein amounts, which may enable immature chimpanzees to manage the confines of their

immature bodies, preventing them from matching adult feeding rhythms. This opportunistic feeding strategy is

similar to self-provisioning by human children in hunter-gatherer societies. These results suggested that early



33  hominin children performed self-provisioning based on opportunistic feeding strategies, and contributed to their

34  food consumption by snacking in accordance with their metabolic needs and physical confines.
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Introduction

Many life history models suggest that one of the unique features of human (Homo sapiens) life-history is

childhood, during which time they must be provided with specially prepared foods and require intensive care

by older individuals, even after weaning (Bogin and Smith, 1996; Bogin, 1997, 2009; Humphrey, 2010).

However, recent field studies of self-provisioning (i.e., foraging without adult supervision; Crittenden, 2009)

by children (i.e., immature individuals aged 2 to 12 years including the developmental stages of childhood and

juvenility; Crittenden, 2016) in hunter-gatherer societies indicated that they were not simply passive recipients

but were actively engaged in acquiring foods shortly after weaning (Konner, 2016; but see Kaplan et al., 2000).

When adults were away on a foraging trip, the remaining children in hunter-gatherer societies went hunting,

gathered food, and consumed it in addition to the foods provided when the adults returned (Hadza: Jones et al.,

1997; Meriam: Bird and Bird, 2000, 2005; Nukakau: Swadling and Chowning, 1981). For example, a 3-year-

old child in Hadza society met 30% percent of their required caloric intake through self-provisioning (Crittenden

etal., 2013).

Children in hunter-gatherer societies reportedly use different feeding strategies from adults, to

accommodate their physical development (Hadza: Crittenden et al., 2013; Meriam: Bird and Bird, 2000, 2002;

Mikea: Tucker and Young, 2005). As children are weaker and less skilled than adults, they tend to target foods

that are easy to acquire and process (e.g., Hadza: Crittenden 2009). Moreover, because children have reduced

motor skills and strength, their self-provisioning is conducted near the base camp (Hadza: Jones, 1993; Mikea:

Tucker and Young, 2005; Nukakau: Swadling and Chowning, 1981), in places with a low risk of them getting
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lost (see review by Konner, 2016). They also target food items with high accessibility, some of which are low

quality and not usually consumed by adults (Hadza: Jones, 1993; Meriam: Bird and Bird 2000, 2002, 2005;

Mikea: Tucker and Young, 2005; Nukakau: Swadling and Chowning, 1981). Therefore, it can be said that self-

provisioning by children in hunter-gatherer societies is based on an opportunistic feeding strategy based on the

viewpoint that they reduced the costs of moving (i.e., getting lost and physical burden) and target food items

less selectively than adults do.

Self-provisioning by children in hunter-gatherer societies suggests that they consume foods other than

meals provided by adults, and they feed more frequently than adults (Hadza: Crittenden and Zes, 2015, Jones

etal., 1997; Meriam: Bird and Bird, 2000; Nukakau: Swadling and Chowning, 1981). Previous studies of human

children in industrial societies showed that the timing of feeding, rather than the amount of foods, is most

important before and after weaning. Increased basal metabolic rate means that children require more energy per

body weight than adults do (Holiday, 1986). However, children’s stomach capacity limits the amount of food

that can be consumed in a single feeding (Dewey, 2013). Therefore, although adults usually eat substantial meals

several times a day (Mattson et al., 2014), it is difficult for children to match the timings of meals with those of

adults (Chiva, 1997). Although there is considerable variation between societies and over time, in modern

societies children usually have snacks between meals (Jacquier et al., 2017). A study of Japanese macaques

(Macaca fuscata) also suggested that smaller stomach capacity prompted a larger number of feedings in

immature individuals than in adults (Mori, 1995). Self-provisioning by immature individuals may function as

snacking (i.e., feeding between meals/feedings shared with adults).
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Although there is no doubt that food items shared with adults are important for children in hunter-

gatherer societies, understanding self-provisioning by children contributes to our understanding of childhood

and provides insight into models of human evolution (Crittenden et al., 2013). For example, the risk of getting

lost, existence of predators, and scarcer resources close to camp areas contribute to lower self-provisioning by

children (Jones et al., 1997; Kramer, 2005; Konner 2016). Konner (2016) reviewed the differences among

hunter-gatherer societies in the contribution of self-provisioning by children (!Kung, Hadza, Efe, Aka, Ache,

Bofi, Marutu, and Toba) and suggested that it is a facultative adaptation. To examine whether self-provisioning

was conducted by children of early hominins, it is useful to investigate self-provisioning by immature

individuals (i.e., including the developmental stages of infancy and juvenility) in non-human primate species

that are genetically close to humans. This study aimed to evaluate the dependence of children on older

individuals for food and the importance of self-provisioning in early hominins against implicit assumptions that

children depend heavily on food provisioning from older individuals in human evolution.

In theories of childhood, non-human primates are generally regarded as independent foragers after

weaning in contrast to human children (Bogin, 2009). Although food transfer from mothers to their offspring

has been reported in many non-human primates (Jaeggi and van Schaik, 2011), constant and direct food

provisioning for nutrition has rarely been reported in non-human primates (except callitrichids; see Brown et

al., 2004). Additionally, transferred foods are usually the leftovers from maternal chewing and/or only a small

amount, which may not provide much nutrition (e.g., chimpanzees, Pan troglodytes: Nishida and Turner, 1996,

Bornean orangutans, Pongo pygmaeus; Jaeggi et al., 2008). Therefore, transferred foods may not contribute
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much to caloric intake for immature non-human individuals. On the other hand, even after weaning, immature

individuals of non-human primates do not forage completely independently from mothers or older individuals.

Some previous studies have suggested that simultaneous feeding with older individuals, i.e., feeding at the same

time as older individuals belonging to the same group, is important for immature individuals who have not yet

learned which plants are edible and where to find foods within their home range (Rapaport and Brown, 2008).

Traveling with older individuals and simultaneous feeding with older individuals (mainly mothers) may provide

appropriate opportunities for nutrition intake and to learn about food items or the feeding rhythms of adults

(eastern gorilla, Gorilla beringei: Watts, 1985; Bornean orangutans, Pongo pygmaeus: Jaeggi et al., 2010;

Mayotte brown lemurs: Eulemur fulvus; Tarnaud, 2008; and Japanese macaques, Macaca fuscata: Ueno, 2005).

In short, simultaneous feeding with older individuals is assumed to be dependent on older individuals, and non-

simultaneous feeding is assumed to be independent of older individuals and comparable to self-provisioning

(i.e., foraging by themselves without adult supervision) by human children in hunter-gatherer societies.

However, few previous studies of non-human primates have focused on non-simultaneous feeding with adults

because their main topics are nutrition intake and learning in food transfer and simultaneous feeding with adults

(but see Taniguchi, 2016 for Japanese macaques). In chimpanzees—one of the two species genetically closest

to humans—there is no detailed study on feeding strategies of immature chimpanzees from the viewpoint of

simultaneity with older individuals.

Chimpanzees generally travel in fission—fusion groups to search for fruits that vary seasonally

(Wrangham, 1975; Itoh and Nakamura, 2015b). Immature individuals under 8 years of age, almost always travel
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with their mothers (Hayaki, 1988) and sometimes with just the two of them; the mother and offspring watch

each other’s position and behavior and the immature chimpanzees scream when they become separated from

their mothers. Therefore, the behavior and range of immature individuals are restricted by the position and range

of their mothers (Goodall, 1986; Matsumoto and Hayaki, 2015). Previous studies at several sites reported that

there were two peaks of feeding bouts for adult chimpanzees in a day (e.g., Newton-Fisher, 1999). Although

adult chimpanzees do not always only feed twice daily, they feed for a long time, which can generally be divided

into two phases.

In this study, [ describe the feeding behaviors of immature chimpanzees according to their simultaneity

with mothers. Specifically, I aim to test three predictions: (1) immature chimpanzees need to feed more

frequently than mothers (i.e., feeding non-simultaneously with mothers) because of their increased basal

metabolic rate and immature stomach capacity; (2) mothers facilitate access to the same food items that they

eat, i.e., mothers provide effective opportunities to feed on high quality food items; and (3) when feeding

independently of their mothers, immature chimpanzees feed on foods with high accessibility including non-

adult foods, these foods are related to their restricted foraging area and limited motor skills and strength, as with

self-provisioning by human children in hunter gatherer societies. Finally, the role of mothers and opportunistic

feeding strategies by immature individuals in human evolution are examined by comparing self-provisioning

by immature individuals in humans and chimpanzees.
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Methods

Permission to study wild chimpanzees in Mahale Mountains National Park was granted by the Tanzanian

Commission for Science and Technology, the Tanzanian Wildlife Research Institute, Tanzania National Parks,

and the Mahale-Gombe Wildlife Research Centre (permit numbers 2010-215-NA-2009-26, 2011-166-ER-2006-

26, 2012-409-ER-2009-26, and 2015-165-ER-2009-26). The subjects were chimpanzees (Pan troglodytes

schweinfurthii) of the M group in the Mahale Mountains National Park in Tanzania (6°15" S, 29°55" E;

Nakamura and Itoh, 2015). Individuals of the M group have almost all been identified since 1980 (Hiraiwa-

Hasegawa et al., 1984). The core area of chimpanzee habitat was the west side of the Mahale mountains at 780

to 1300 m asl (Nakamura et al., 2013), which consisted of a mosaic of lowland forest patches comprising

Erythrophleum forest and Xylopia—Pycnanthus forest, colonizing forest dominated by species such as Senna

spectabilis and Croton sylvaticus, Miombo (Brachystegia bussei) woodland, woodland comprising

Combretum spp., and swamp (Itoh and Nakamura, 2015b). Plant species in the area, including those not

consumed by chimpanzees, are well known (Nishida and Uehara, 1981, 1983; Itoh, 2004, 2015b; Turner,

2006; Itoh and Muramatsu, 2015; Itoh and Nakamura, 2015b; Itoh et al., 2015). In general, the dry season

begins in early October and the wet season in mid-May (Itoh, 2015a).

At six months of age, chimpanzees are at least partially dependent on non-milk foods (Hiraiwa-

Hasegawa, 1990b). The weaning age (i.e., the border between infancy and juvenility) of chimpanzees is usually

around 4—5 years, which is defined as the time of re-conception by the mother and cessation of nipple contact

(Goodall, 1986; Lee et al., 1991; Emery Thompson et al., 2007; Kramer, 2010; Emery Thompson, 2013).
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However, recent studies suggest that 3-year-old chimpanzees drastically reduce nutritional dependence on

breastfeeding based on stable isotope analysis (Badescu et al., 2017), eruption of the first molar (Smith et al.,

2013), greater survivorship of orphans (Nakamura and Hosaka, 2015), and developmental changes in feeding

behavior (Matsumoto, 2017). Therefore, in this study it was assumed that the nutritional weaning age of

chimpanzees was at 3 years. It is noteworthy that after 3 years of age, chimpanzees can process and feed on

almost all food items in the food repertoire of their natal group by themselves, for example, fruits covered by a

hard shell and piths of terrestrial herbaceous vegetation (THV) covered by hard outer layer (Matsumoto, 2017;

Corp and Byrne, 2002). Therefore, I define individuals younger than 3 years of age as ‘lactational individuals’

and those older than 3 years of age as ‘weaned individuals.’

The study period was from January to September 2011, from October 2012 to July 2013, and from

June to August 2015. I observed 20 immature individuals aged 0.5—6 years using the focal animal sampling

method (Altmann, 1974). I usually followed and observed the immature individual that I found first on each

day. If I found multiple immature individuals, I selected the immature individual for which I had fewer data. I

did not change the target until I lost sight of them. The total following time was 537 h, 40 min. For the analysis,

I excluded the time when I could not tell if immature individuals processed something by mouth or not for more

than 30 s. One severely disabled infant was excluded from the analysis (see Matsumoto et al., 2016). Therefore,

the total analysis time was 416 h, 11 min. I calculated the age of immature individuals by subtracting the month

of observation from the month of their first observation. Detailed information about individuals and analysis

times is shown in Table 1.
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I recorded processing by mouth, including instances where food was put on the lips or into the mouth,

biting, licking, and chewing. I also recorded the start and end times and the target of mouth processing. If the

target was a plant, I recorded the plant part that was targeted (namely fruit, leaf, petiole, flower, seed, resin, pith,

wood, bark, or other). When chimpanzees ate wood and pith, they often put bark, cambium, and outer layers

into their mouth, and it was difficult to distinguish between them. Therefore, I defined the stem as the plant part

that included at least wood and/or pith. For example, stems included wood of woody vine and pith of THV. 1

recorded plant species mainly in the local language and identified them according to available lists of plant

species (Nishida and Uehara, 1981, 1983; Itoh, 2015b; Noriko Itoh, unpublished data).

When the mother engaged in feeding, a research assistant told me the target food item. If the mother

fed on plants, I recorded the plant species and parts. I recorded food items of adult chimpanzees using ad libitum

sampling. I defined ‘maternal foods,” ‘adult foods,” and ‘non-adult foods’ as food items selected by mothers of

focal offspring-mother pairs, those selected by adults other than mothers by ad libitum sampling during the

research period, and those which mothers and other adults did not select, respectively.

To record processing by mouth, I defined chewing as feeding that excluded play feeding (Watts, 1985),

which does not provide nutritional value, for example, just putting food into the mouth without swallowing.

Additionally, I recorded drinking water and licking decaying wood, rock, and sap as feeding. These behaviors

are usually observed among adult chimpanzees (Itoh and Nakamura, 2015a; Itoh et al., 2015).

End time of feeding was determined as the end of chewing and/or licking. If immature individuals

started to play or travel continuously, the end time was determined as the start of play or travel. I defined ‘feeding
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time’ as continuous if immature individuals performed some processing by mouth of the same food item again

within 30 s. I also recorded the feeding behavior of other individual(s) within my sight and their food items at

the start of focal subjects’ feeding.

I defined feeding time with mother as the feeding time during which feeding by the mother was

recorded and/or the immature individuals fed on foods transferred from the mother (Nishida and Turner, 1996)

regardless of the distance between mother and offspring. Though this definition does not include a distance

between mother and offspring, immature chimpanzees always travel with mothers and rarely go out of mothers’

sight unless they are lost. See Supplementary Online Material (SOM) Figure S1 for the close maternal distance

at the beginning of feeding of immature individuals.

If the interval between the end of feeding time and the beginning of the next feeding on the same food

item was less than 10 min, [ defined them both as the same feeding bout. The 10 min threshold was determined

from the minimum value of density curves of all intervals between feeding times within the same day. I defined

a feeding bout with and without the mother as a feeding bout including feeding time with the mother and not,

respectively.

Encounter frequency of the plant species

The ubiquity of food items should contribute to accessibility for immature chimpanzees who must travel

with mothers rather than to be locally distributed. Therefore, to evaluate the accessibility of food items, I

conducted a census of plants and defined the encounter frequency of each plant species. I established a rectangle
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(5 x 2.5 m, the 5 m side was parallel to the transect) at a distance of 250 m on both sides of a transect, which

was established in the core area of the chimpanzee M-group range (about 20 km?; Nakamura et al., 2013;

Nakamura and Itoh, 2015; Itoh and Nakamura, 2015b). I treated the two points on both sides of the transect as

one quadrat (5 x 5 m) and established 80 quadrats (2000 m? in total). In each quadrat, I recorded all plant species

that were more than 50 cm high. I calculated the encounter frequency of a plant species as the number of quadrats

in which the plant species was confirmed per total number of quadrats (80). For example, if plant A was

confirmed in 40 quadrats, the encounter frequency was 40/80 = 0.5. As I did not count the number of plants,

encounter frequency does not exactly reflect the abundance or the density, but the ubiquity of plant species in

the core ranging area of M-group chimpanzees. Immature individuals could find plant species of higher

encounter frequency with comparative ease wherever they were located with their mothers in the core ranging

area of the M-group chimpanzees.

Statistical analysis

I used chi-square tests to investigate differences in the rates of feeding on each plant part and for each
food items divided by commonality with adult or maternal food, between ‘lactational or weaned individuals’
and ‘feeding with or without mother.” If there was a significant difference, I used residual analysis of the pair to
examine which plant part and food category differed significantly. The p-values were Bonferroni corrected and

were considered statistically significant when p < 0.05.

I used generalized additive mixed models (GAMMs) to examine the influence of developmental
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changes (age in months) on the number of feeding bouts in a day, as GAMMs fit smooth functions to non-linear

data and use random effects for repeated measures of the same subject. [ used the gamm4 package (Wood et al.,

2015) in R 3.4.1 (R Core Team, 2017) and constructed GAMMSs with a binomial error distribution and a logit

link function. I used generalized linear mixed models (GLMMSs) to examine the influence of developmental

stage (lactational or weaned individuals for categorical data) on encounter frequency of the species of food item

consumed by immature individuals. [ used the glmer function in the Ime4 package (Bates et al., 2014) in R 3.4.1

and constructed GLMMs with a binomial error distribution and a log link function. I checked multi-collinearity

between explanatory variables using the DAAG package (Maindonald and Braun, 2015). The variance inflation

factors (VIF) were low among variables of each model (VIF <3).

Model A: number of feeding bouts without mothers

I divided analysis time by individuals and by days. I analyzed the data from the same individual collected

on the same day as one data point. I analyzed the data from different individuals collected on the same day as

independent data points. The total number of data points was 121 (a total of ‘No. of observation days’ in Table

1 minus number of observation days when feeding by the focal chimpanzee was not observed). I modeled the

role of snacking in immature individuals using the number of feeding bouts without mothers/total feeding bouts

as the response variable, and age in months (fit smooth function) as the explanatory variable, with individual

ID as a random effect. [ used Akaike’s information criterion (AIC) for model selection (Burnham and Anderson,

2002), and selected the model with the smallest AIC value and examined the model(s) that had a AAIC (AIC
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value difference from the best model) of <2 (Burnham and Anderson, 2004).

Model B: encounter frequency

I modeled the opportunistic feeding strategy of immature chimpanzees using the encounter frequency

of food items as the response variable, and (1) developmental stages (lactational or weaned individuals), (2)

simultaneity with mother (feeding bout with or without mothers), interaction between (1) and (2), and (3)

commonality with maternal foods (maternal foods or not) as explanatory variables, and individual ID as a

random effect. Likelihood ratio tests were used to evaluate the linear model and independent variables affecting

categorization.

Results

The total number of feeding bouts was 1146. I analyzed 996 bouts that were observed from the beginning to

the end of feeding (e.g., | excluded any feeding bouts that started before I began observing the focal individual).

Number of feeding bouts and number of feeding bouts without mothers per individuals are shown in Table 1.

Figure 1 shows the rate of feeding bouts without mothers. The results of the model selection showed that age

did not significantly affect the number of feeding bouts without the mother (Table 2); the rate of feeding bouts

without mothers did not vary significantly in individuals of 0.5—6 years old. The estimated rate of the selected

model was 38.8% feeding bouts without mothers (61.2% feeding bouts with mothers). Additionally, immature

individuals (lactational and weaned) often started feeding alone when feeding without mothers. For lactational
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individuals, 87% of feeding bouts without mothers began alone, 9% began with other group member(s)

excluding adult(s), and 4% began with other group member(s) including adult(s). For weaned individuals, 79%

of feeding bouts without mothers began alone, 12% began with other group member(s) excluding adult(s), and

8% began with other group member(s) including adult(s). Although immature individuals sometimes started

feeding slightly before mothers after arriving at a food patch, mothers or other individuals rarely came and

started feeding with immature individuals after they started feeding alone.

Figure 2 shows the encounter frequency of the species of food items in each feeding bout. In the

analysis of encounter frequency, I used feeding bouts (873) on identified plant species (i.e., I excluded 23, 47,

and 53 feeding bouts on unidentified plant foods, insects, and other non-plant foods, respectively). Feeding

bouts were classified by developmental stage (lactational or weaned individuals) and by simultaneity with the

mother’s feeding. In model B, all the explanatory variables in the full model were significant (see Table 3 for

detailed parameters), as the effects of developmental changes (lactational individuals to weaned individuals;

deviance = 68.5, p < 0.001), simultaneity with maternal feeding (deviance = 317.8, p < 0.001), and maternal

foods (deviance = 355.4, p < 0.001) had significant negative effects on encounter frequency. These results

suggest that both lactational and weaned individuals tended to feed on items of lower encounter frequency when

feeding with mothers, and items with higher encounter frequency when feeding without mothers, and that non-

maternal foods tended to be of higher encounter frequency. The interaction also had a significant effect

(deviance = 32.0, p <0.001), suggesting that the difference in encounter frequency in feeding with and without

mothers tented to be smaller in weaned individuals than in lactational individuals. Namely, weaned individuals



281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

tend to feed on food items of lower encounter frequency (i.e., more selectively) in feeding bouts without mothers

than lactational individuals.

Figure 3 shows the rate of feeding bouts by food type. Developmental stage (lactational or weaned

individuals) did not significantly affect the rate of feeding bouts by food type in either simultaneous or non-

simultaneous feeding with the mother (3> = 6.93, df =4, p > 0.1; and y*> = 11.79, df = 4, p > 0.1, respectively).

Simultaneity with maternal feeding significantly affected the rate of feeding on different food types in both

lactational and weaned individuals (3> = 49.36, df = 4, p <0.001; and > = 17.95, df = 4, p < 0.01, respectively).

As a result of the residual analyses, stems were consumed at significantly higher rates in feeding bouts without

mothers than those with mothers in both lactational and weaned individuals (adjusted residual = £6.52, p

<0.001; and adjusted residual = £4.00, p <0.001, respectively). Additionally, fruits were consumed at a

significantly higher rate in feeding bouts with mothers than those without mothers in both lactational and

weaned individuals (adjusted residual = £4.28, p <0.001; and adjusted residual = £2.68, p <0.05, respectively).

Leaves, insects, and other food items did not differ significantly in lactational individuals (adjusted residual =

+1.96, p >0.1; adjusted residual = +2.03, p >0.1; and adjusted residual = £0.40, p >0.5, respectively) and in

weaned individuals (adjusted residual = +1.13, p >0.5; adjusted residual = +0.67, p >0.5; and adjusted residual

=20.43, p >0.5, respectively).

Figure 4 shows the rate of feeding bouts by food commonality with maternal and adult foods. Expected

frequency of category ‘unidentified” was quite low in the chi-square tests. Therefore, I combined the

‘unidentified’ and ‘immature only’ data to conduct chi-square tests and residual analysis because mothers and
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other adults were not observed to feed on the unidentified plant food items. Simultaneity with maternal feeding

significantly affected the rate of feeding bouts of food commonality in both lactational and weaned individuals

(%2 =89.56, df =3, p <0.001; and 2 = 38.14, df = 3, p < 0.01, respectively). Lactational individuals fed more

frequently on maternal foods and adult foods during feeding with mothers than without mothers (adjusted

residual = £9.34, p <0.001; and adjusted residual = £3.08, p <0.001, respectively). Additionally, they fed

more frequently on non-adult foods during feeding without mothers than with mothers (adjusted residual = =+

6.01, p <0.001). Weaned individuals fed more frequently on maternal foods during feeding with mothers than

without mothers (adjusted residual = #5.62, p <0.001). Additionally, they fed more frequently on non-adult

foods during feeding without mothers than with mothers (adjusted residual = £6.78, p <0.001). Feeding on

adult foods did not change significantly (adjusted residual = £1.70, p >0.1). It is noteworthy that if mothers

started feeding on a food item, immature individuals usually showed interest in it and fed on the same items as

their mothers were eating in both lactational and weaned individuals.

As a complementary analysis, developmental changes (lactational or weaned individuals) significantly

affected the rate of feeding bouts by food commonality in both simultaneous and non-simultaneous with mothers

(x2 = 12.54, df =2, p <0.001; and %2 = 24.40, df = 2, p < 0.001, respectively). Weaned individuals fed more

times on maternal foods and less on non-adult foods in both simultaneous feeding with mothers (adjusted

residual = +3.35, p <0.01; and adjusted residual = +3.42, p <0.01, respectively) and non-simultaneous feeding

with mothers (adjusted residual =+4.93, p < 0.001; and adjusted residual =+4.18, p <0.001, respectively) than

lactational individuals did. Adult food did not change significantly in simultaneous and non-simultaneous
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feeding with mothers (adjusted residual = £0.68, p > 0.5; and adjusted residual = +1.48, p > 0.1, respectively).

Discussion

The results support predictions (1), (2), and (3). Immature individuals fed more frequently on maternal foods

during feeding bouts with mothers than without mothers. This result suggests that feeding with mothers

contributes to opportunities for both lactational and weaned individuals to feed on maternal foods. The results

of model A suggest that wild immature chimpanzees under 6 years of age spent 38.8% of observed feeding

bouts, feeding without mothers. Additionally, the results of model B suggest that immature individuals fed on

more accessible food items (i.e., of high encounter frequency) during feeding bouts without mothers, than during

bouts with mothers. The food items eaten during feeding bouts without mothers were often those that mothers

or other adults would not select. These results suggest that wild immature chimpanzees fed on ‘snacks’ less

selectively in addition to feeding bouts with mothers. Therefore, immature individuals showed an opportunistic

feeding feeding strategy during feeding bouts without mothers, which differed from adult feeding strategies

because of lower selectivity and moving costs (i.e., getting lost and physical burden). The immature individuals’

opportunistic strategy may be because their positions and movements are restricted by having to travel close to

their mothers, as well as their more limited motor skills and strength.

Adult chimpanzees of the M group in Mahale selectively feed on some food items from those available

in the environment while traveling in fission—fusion patterns (Nishida, 1991; Turner, 2006). Although the food

repertoire of adults includes 407 items from 224 plant species (Itoh et al., 2015), fewer food items are utilized
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throughout the year (see review in Itoh and Nakamura, 2015a). Adults may have selective feeding strategies in

which they select appropriate food items of relatively low accessibility and high nutrient content (mainly fruits)

according to seasonal variation and environmental changes. Approximately 60% of feeding bouts of immature

individuals occurred simultaneously with maternal feeding and they spent more than 80% of feeding bouts

feeding on maternal foods. Additionally, if mothers started feeding on a food item, immature individuals usually

showed interest in it and started eating it. Therefore, simultaneous feeding with mothers can provide

opportunities for immature individuals to consume nutritional foods and learn appropriate food items (Rapaport

and Brown, 2008), as suggested by previous studies on other primate species (e.g., Japanese macaques; Ueno,

2005). Moreover, a similar tendency was reported in Hadza society, in which children following an adult

foraging trip were able to obtain foods of high quality and distant from the base camp (e.g., berries) (Hawks et

al., 1995).

Conversely, immature chimpanzees under 6 years of age fed without mothers (non-simultaneously

with) at a rate of 38.8% of total feeding bouts. These results concur with previous studies of humans that suggest

that children with increased basal metabolic rate and smaller stomach capacity need to feed frequently in

addition to meals (i.e., snacking; Chiva, 1997). For immature chimpanzees in fission—fusion societies [see

Hanamura (2015) for a review] traveling with a group member does not always mean ‘traveling with mother’

(Matsumoto and Hayaki, 2015), which differs from other primate species in other cohesive grouping patterns

(e.g., Gorilla gorilla; Yamagiwa,1999). Immature individuals that are parted from their mothers are at risk of

predation (Nakazawa et al., 2013). The fission—fusion social structure for immature chimpanzees means that
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they cannot be far from their mothers. Therefore, feeding on food items of high encounter frequency (high

accessibility) is effective during feeding bouts without mothers, who may feed in several phases daily and who

may not always rest near a feeding patch.

It is also effective for immature chimpanzees to feed on food items that mothers do not feed on. Food

items that adults rarely feed on have been reported at several chimpanzee study sites (Mahale: Hiraiwa-

Hasegawa, 1990b; Gombe: Bray et al., 2018). This study quantitatively revealed for the first time that immature

individuals fed more frequently on non-adult foods during feeding bouts without their mothers than when they

were feeding with mothers. As mentioned previously, simultaneous feeding with their mothers is effective as

immature individuals can access maternal foods that are likely to be of high quality. Conversely, when mothers

do not feed, mothers and offspring are not always near a feeding patch. The results of model B suggest that food

items that mothers do not eat tend to be food items of high encounter frequency. This result supports the

hypothesis that immature individuals may feed on food items of high encounter frequency, including non-adult

foods, as available alternatives. This opportunistic feeding strategy of immature chimpanzees is similar to that

of human children in hunter-gatherer societies (see Table 4).

The rate of consumption of plant parts during simultaneous feeding bouts was in the order of fruits >

leaves > stems. This order was not different from the maternal feeding rate in Mahale (Hiraiwa-Hasegawa,

1990b). Conversely, the rate of plant parts consumed during non-simultaneous feeding bouts was higher for

stems and lower for leaves and fruits than during simultaneous feeding. Plant parts, such as leaves and stems,

are usually available for many months (Itoh and Nakamura, 2015a). Additionally, it is difficult for immature
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individuals to digest foods containing a large amount of fiber and secondary compounds, especially leaves, due

to the immaturity of their digestive organs and small body mass (Hiraiwa-Hasegawa, 1990a; Agetsuma, 2001;

Nowell and Fletcher, 2008). However, they can chew them and spit out the fibrous leftovers (Nishida, 1976).

Additionally, stems tend to include higher amounts of crude ash per weight unit, although the number of

analyzed plant species was only 5 (Nishida, 2012). It is possible that immature individuals obtain minerals from

stems for growth. Moreover, pith of THV is regarded as a fallback food for adult chimpanzees (Wrangham et

al., 1991) because it can be consumed even when fruits are scarce. Immature individuals need to feed without

mothers because of their increased basal metabolic rate and immature stomach capacity, which do not change

seasonally. Pith should be suitable for feeding bouts without mothers because it can be consumed throughout

the year in Mahale (Itoh et al., 2015) and is found relatively easily throughout the core area of chimpanzee

habitat. The same tendency was reported in humans, as children in Hadza society frequently targeted foods that

were available throughout the year (e.g., baobab; Crittenden, 2009). Moreover, stems (as defined in this study)

included the pith of THV, which is a rich source of protein (Nishida, 2012; Rogers et al., 1990; but see

Wrangham et al., 1991). Therefore, the pith (stem) of THV may be a valuable food item for immature individuals

during their growth stage.

Interactions in model B suggest that weaned individuals fed more frequently on food items of low

encounter frequency than lactational individuals. Additionally, weaned individuals spent more time feeding on

maternal and adult food items than lactational individuals. The distance between mothers and offspring increases

as immature individuals develop and grow (Matsumoto and Hayaki, 2015), which may enable immature
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individuals to select food items commonly eaten by mothers during feeding bouts without them. For example,

I observed that immature individuals discovered a maternal food fruit and moved a considerable distance to feed

on it when traveling with their mothers, thereafter returning to their mothers. Weaned individuals fed on food

items more selectively, similarly to adults, as they always traveled with their mothers in fission—fusion patterns.

However, it should be pointed out that developmental changes investigated by chi-square tests and residual

analysis did not control for individuals. Additional data are needed to reach conclusion about developmental

changes taking individual variance into account.

Previous studies on primates, including humans, assumed that feeding without adults and feeding on

non-adult foods were not important for development, and that they were a result of a lack of experience and

learning (e.g., Tarnaud, 2008). However, this study suggests that feeding without adults and feeding on non-

adult foods may be beneficial for physically immature individuals (with small digestive organs and immature

motor skills and strength) that are not able to match the feeding rhythms of adults or travel too far from their

mothers. These results support the suggestion that human children are not simply inferior to adults in experience

and knowledge, but are active foragers (Bird and Bird, 2002).

Immature Bornean orangutans (Pongo pygmaeus) always travel together with their mothers in fission—

fusion society, like chimpanzees. Lactational individuals of Bornean orangutans rarely feed at different patches

and/or non-simultaneously with mothers (fewer than 10% of all feeding bouts). However, feeding bouts at

different patches from mothers and/or non-simultaneously with mothers increased to more than 60% after

weaning (Jaeggi et al., 2008, 2010). Notably, even before nutritional independence, lactational individuals of
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chimpanzees often fed non-simultaneously with mothers, contrary to Bornean orangutans (Jaeggi et al., 2010).

One possible reason for this difference is that Bornean orangutans are more arboreal than chimpanzees.

Immature orangutans under 5 years old cannot move between trees freely (Mendonga et al., 2016). Moreover,

this study showed that stems, including pith of THV, are important during feeding bouts without mothers in

chimpanzees. It is possible that Bornean orangutans rarely feed at different patches and/or non-simultaneously

with mothers because they do not have opportunities to feed on terrestrial plants but weaned Bornean orangutans

are physically able to feed on food items selectively without mothers. However, there are differences in the

definitions and methods between these studies. There may be a different degree of dependence on milk between

these species; no comparable data have been reported, however. Additionally, I cannot exclude differing

definitions of feeding as a possible explanation: I distinguished feeding from play-feeding according to mouth

processing in this study but no detailed definition on feeding was presented by Jaeggi et al. (2010).

Feeding bouts without mothers usually began when immature individuals were alone. This differs

from self-provisioning by human children, in which a small party without adults was formed (e.g., Hadza:

Crittenden et al., 2013). Although the two are not directly comparable, the tendency for human children to travel

to self-provision with other children or juveniles/adolescents may be fundamentally associated with the

psychological development of cooperation and reciprocity in humans (Olson and Spelke, 2008; Kato-Shimizu

et al., 2013). However, immature chimpanzees did feed with other individual(s) in a few feeding bouts without

mothers. Zamma et al. (2011) reported that a 9-year-old adolescent shared non-adult foods with a 2-year-old

infant. More research on feeding by other group members is needed for a better understanding of feeding
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strategies of immature individuals.

In the Mahale Mountains National Park, environmental resources should be relatively richer than in

other chimpanzee habitats, such as dry forests. Therefore, more studies of self-provisioning by immature

individuals in other habitats are needed to compare different chimpanzee groups and establish whether feeding

without mothers is common and important among chimpanzees in general, or varies according to environmental

resources, similarly to facultative adaptation in human societies (Konner, 2016). Nevertheless, this study

provides the first confirmation that immature chimpanzees consume highly accessible food items, including

non-adult foods, via opportunistic feeding. This snacking behavior may resolve issues caused by the immaturity

of their digestive organs (which prevent them from matching adult feeding rhythms), the social structure of

chimpanzees (having to travel with mothers), and immature motor skills and strength that restrict the area of

activity of immature chimpanzees. Immature chimpanzees are dependent on simultaneous feeding with mothers

even after weaning (see also Nakamura et al., 2014), but are also active foragers according to their physical and

social restrictions. These traits are similar to those of human children in some hunter-gatherer societies (Table

4), which strongly supports the suggestion by Crittenden et al. (2013) that immature individuals, including

children and juveniles, are not solely dependent on foods provided by adults but are themselves active

foragers—a hypothesis that has largely been ignored in models of human evolution. Namely, this study suggests

that self-provisioning was conducted by children of early hominins based on opportunistic feeding strategies

and contributes to their food consumption, in the role of snacking corresponding with their metabolic need and

their physical limitations.
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Figure legends

Figure 1. Feeding bouts of infant chimpanzees without mothers. Data points represent observations from one

individual per day. The horizontal line represents the best fit of model A (38.8 %).

Figure 2. Encounter frequency of food items during feeding bouts of lactational and weaned individuals, with

or without mothers. Each data point represents one feeding bout. The numbers above each box plot represent

the number of feeding bouts.

Figure 3. Food types consumed by immature chimpanzees. Numbers above the bars represent the total number

of feeding bouts.

Figure 4. Feeding bouts of immature chimpanzees separated by food commonality (maternal foods, adult foods,

and non-adult foods). Numbers above the bars represent the number of feeding bouts.

Figure S1. Distance (meters) from mother at the beginning of feeding bouts of immature individuals. Numbers

above the bars represent the number of feeding bouts. I excluded feeding bouts when the mother was followed

by aresearch assistant but out of my sight. [ excluded 2, 6, 1, and 14 bout(s) from left. The medians of lactational

and weaned individuals were 1 meter and 3 meters both in simultaneous and non-simultaneous feeding bouts

with mothers, respectively.
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Table 1

Details of individual chimpanzee infants at Mahale National Park in this study.

No. of feeding bouts

Developmental Analysis No. of Age in
Name Abbreviation Sex Mother [No. of feeding bouts

stage time (min) observation days months

without mother]

Lactational 748 6 14-19 29 [17]
Asahi AH ?  Multiparous

Weaned 377 1 47 14 [6]

Lactational 2306 10 9-35 95 [63]

Ayu AY ?  Multiparous

Weaned 177 1 37 6 [3]
Cissy CI ?  Multiparous Weaned 2293 11 36-61 123 [53]
Cyon CN o Multiparous Lactational 175 2 13 7 [5]

Lactational 1832 8 12-35 75 [30]
Figaro FG o' Multiparous

Weaned 742 6 36-42 33 [13]



Iris

Jura

Lilim

Omali

Peace

Quinoko

Quilt

Shinji

Teto

IR

JR

LM

OL

PC

QN

QL

Sd

TO

TZ092

2

Multiparous

Multiparous

Primiparous

Primiparous

Primiparous

Multiparous

Multiparous

Multiparous

Multiparous

Multiparous

Lactational

Weaned

Lactational

Weaned

Lactational

Lactational

Lactational

Weaned

Lactational

Weaned

Lactational

Weaned

Lactational

593

591

257

464

1053

307

713

576

1191

431

110

2493

2286

12

10

18-24

38-42

23

67-70

6-28

14

29-31

50-70

13-34

36-43

34

37-59

16-23

17 [6]

28 [11]

17 [2]

16 [7]

22 [6]

20 [8]

22 [12]

47 [27]

104 [58]

77 [41]



Lactational 2525 13 9-35 82 [33]

Upepo UupP ?  Primiparous
Weaned 699 3 37 27 [3]
Xyla XL ®  Primiparous Lactational 1153 4 6-32 53 [13]
Zorufa ZF ?  Multiparous Weaned 647 4 44-70 22 [5]
Zamma ZA o Multiparous Lactational 231 1 26 8 [2]
685  Researchers at Mahale do not name infants under 3 years of age because of high infant mortality; therefore, [ used the mothers’ abbreviation, plus the latter

686  two digits of the birth years to label unnamed infants. TZ09 died before 3 years of age.
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Table 2

Parameter estimates, Akaike’s information criterion (AIC), and AAIC values for model A.

Order AIC (AAIC) Parameter estimate/SE

Intercept Age in months®
1 392.6 (0.0) -0.84/0.08 —
2 395.6 (3.0) -0.84/0.08  selected

 “‘Age in months’ is smoothed for modeling, as the coefficient could not be evaluated.



692  Table 3

693  Parameter estimates, deviance, and p-values for model B. An asterisk (*) indicates their interaction.

) Weaned*Without
Intercept Weaned Without mother Mother food
mother
Parameter estimate/SE -1.44/0.10 -0.17/0.04 0.58/0.02 -0.31/0.04 -0.49/0.02
Deviance — 88.3 398.8 51.6 458.4
p — <0.001 <0.001 <0.001 <0.001

694

695



696  Table 4

697  Comparison of ’self-provisioning’ in immature chimpanzees and humans.

Subjects

Definition

Food Social aspect

Confines

Contribution

Immature (0.5-6
years of age)
chimpanzees of the
M group in Mahale

Children (2-12
years of age) of
modern humans in

Feeding non-
simultaneously
with mothers
(i.e., feeding
without
mothers)

Foraging
without adult

Higher accessibility than food

consumed when feeding with )
87% and 79% of feeding

bouts start alone for <3-

mothers

Frequently target food available
year-old and >3-year-old
throughout year (e.g., stems) S )
individuals, respectively
Includes food not usually consumed

by adults
Higher accessibility than food usually
consumed by adults?
At least in Hadza society, frequently ]
In mixed-age groups

target food available throughout year ]
without adults®

Near mothers for
travel in fission-
fusion society
Immature motor
abilities

Near the base
camp®

Immature motor
skills and strength

38.8% of total feeding bouts

of immature chimpanzees in

Mahale, but no data for other
areas

Facultative adaptation: lower
risk of getting lost and richer
environment leads to higher

hunter-gatherer supervision (e.g., baobab)® ] L
L . (i.e., slower rate of self-provisioning?
societies Includes food species or plant parts ]
walking speed)’
not usually consumed by adults®
698 2 Hadza: Jones (1993); Mardu: Bird and Bird (2005); Meriam: Bird and Bird (2000, 2002); Mikea: Tucker and Young (2005); Nukakau: Swadling and

699  Chowning (1981).

700 b Hadza: Crittenden (2009).



701

702

703

704

705

706

707

¢ Meriam: Bird and Bird (2000, 2002); Mikea: Tucker and Young (2005); Nukakau: Swadling and Chowning (1981).

4 Hadza: Crittenden et al. (2013), Jones (1993), Jones et al. (1997); Mardu: Bird and Bird (2005); Meriam: Bird and Bird (2000, 2002); Mikea: Tucker and

Young (2005); Nukakau: Swadling and Chowning (1981).

¢ Hadza: Jones (1993); Mikea: Tucker and Young (2005); Nukakau: Swadling and Chowning (1981).

fMardu: Bird and Bird (2005); Meriam: Bird and Bird (2000, 2002).

¢ Jones et al. (1997); Kramer (2005); Konner (2016).
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Figure 1
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