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Abstract 28 

Geophagy, the intentional consumption of soil, has been observed in humans and numerous 29 

animal species. Geophagy has been posited to be adaptive, i.e., consumed soil protects against 30 

gastrointestinal distress and/or supplements micronutrients. We conducted a field experiment in 31 

the Budongo Forest, Uganda to investigate soil preference and quantity of soil eaten. We placed 32 

pairs of artificial tree stumps with different types of soil in each at two existing geophagy sites. 33 

We placed iron-rich soil from the surrounding area in one stump and clay-rich soil from a 34 

neighboring community in the second stump. After five days, we reversed the type of soil that 35 

was in the stumps at both sites (i.e., a cross-over design). We monitored activity and engagement 36 

with the stumps using camera traps for ten days. Only Colobus guereza (black-and-white colobus 37 

monkeys) interacted with the stumps on three of the ten days and only ate the clay-rich soil. In 38 

total, monkeys consumed 9.67 kg of soil over 4.33 hours. Monkeys competed for access to the 39 

stumps and videos captured aggression in 13% of videos, including pushing, excluding, and 40 

chasing other individuals from the experimental stumps. Nine episodes of vigilance and flight 41 

behavior were also observed, demonstrating their apprehension of being on the ground. These 42 

monkeys used visual and olfactory cues to select novel soil that can bind pathogens and plant 43 

toxins and adjust gut pH over known soil that could supplement bioavailable iron. Given that 44 

geophagic soil may confer health benefits, geophagy sites should be conserved and protected.  45 

 46 

Keywords: Soil eating ・ Detoxification ・Bioavailable iron ・Nonhuman primates ・Field 47 

experiment  48 
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Introduction 49 

Understanding nonhuman primate culture, language, learning, and social interaction is inherently 50 

challenging. Unlike human subjects, whom researchers can interview, wildlife researchers need 51 

creative techniques to understand the motivation for and consequences of complex animal 52 

behaviors. One such technique is field experiments (Gruber et al. 2009). Previous nonhuman 53 

primate field experiments have been transformative for understanding differences in cultural 54 

knowledge between populations of chimpanzees (Gruber et al. 2009), responses to potentially 55 

contaminated material in Japanese macaques (Sarabian and MacIntosh 2015), transmission of 56 

tool use in chimpanzees (Matsuzawa 1994; Biro et al. 2003; Sirianni et al. 2018; Lamon et al. 57 

2018), variation in calls using bio-acoustic playback (Cheney and Seyfarth 1982; Hauser 1998; 58 

Zuberbühler 2000; Fischer et al. 2013; Caselli et al. 2018), efficiency of nut-cracking in capuchin 59 

monkeys (Fragaszy et al. 2010), social relationships and cognition (Cheney et al. 1986), and 60 

social learning (Botting et al. 2018; Bono et al. 2018). Despite their importance, few field 61 

experiments have been conducted because they have the potential to alter an animal’s social and 62 

physical world.  63 

 64 

One primate behavior that remains an enigma is geophagy, the purposive consumption of earth 65 

(e.g., soil from the forest floor, termite and other insect mounds, earthen bricks). The behavior is 66 

common across the animal kingdom; it has been observed in humans on all inhabited continents 67 

and in over 300 species of mammals, birds, and reptiles (Young et al. 2011). Among nonhuman 68 

primates, 136 species are known to eat earthen materials (Pebsworth et al. 2019b). Within the 69 

genus Colobus, researchers have observed geophagy in four of five recognized species and 70 
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several subspecies (Pebsworth et al. 2019b). Yet despite its ubiquity, little is known about the 71 

motivations for and the consequences of geophagy. 72 

 73 

Two adaptive hypotheses have been posited to explain the motivation for geophagy. The first, 74 

and perhaps most intuitive, is that soil supplements micronutrients that may be lacking in the diet 75 

(Kreulen 1985; Pebsworth et al. 2019b). Micronutrient deficiencies can adversely affect overall 76 

primate health, growth, reproduction, and disease resistance (Rode et al. 2003). Previous studies 77 

have therefore suggested that soil consumed by nonhuman primates can supplement a variety of 78 

micronutrients, although more research is needed to understand bioavailability (i.e., the 79 

proportion of nutrients that are absorbed by the body and enter circulation) (Pebsworth et al. 80 

2019b). We primarily focused on iron as a key micronutrient because it was low in the black-81 

and-white colobus monkeys’ diet (Rode et al. 2003), it has been hypothesized as a geophagy 82 

stimulus (Mahaney et al. 1990), and we had assessed bioavailability (Pebsworth et al. 2019a). 83 

 84 

The second hypothesis is that soil protects against gastrointestinal (GI) distress (e.g., nausea, 85 

diarrhea, vomiting) and/or infection (Young 2010; Pebsworth et al. 2019b). Previous studies 86 

have demonstrated that clay minerals can bind directly to agents that cause GI distress (Gilardi et 87 

al. 1999; Dominy et al. 2004), strengthen the luminal epithelium of the GI tract (Said et al. 1980; 88 

González et al. 2004), and lyse bacterial cells (Papaioannou et al. 2005).  89 

 90 

Soils with a high proportion of clay minerals have the capacity to adsorb polar plant secondary 91 

compounds (PSCs), like alkaloids and phenolics (Johns 1986; Ta et al. 2018; Pebsworth et al. 92 

2019a) that can negatively affect plant palatability and the function of proteolytic enzymes 93 
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necessary for digestion (Hladik 1977; DeGabriel et al. 2009). Indeed, several species of 94 

nonhuman primates regularly consume clay-rich soils that can adsorb PSCs (Pebsworth et al. 95 

2019b). Although the supplementation and protection hypotheses are often considered 96 

separately, several authors have concluded that geophagy is multifunctional and that both 97 

protection and supplementation may co-occur (Davies and Baillie 1988; Pebsworth et al. 2019a). 98 

Previous nonhuman primate studies have not, however, been able to rigorously test these 99 

hypotheses concurrently due to imprecise estimation of the amount and type of soil consumed. 100 

 101 

Accurate measurement of soil consumption is critical for quantifying exposure and determining 102 

potential physiological impacts. In human geophagy studies, soil ingestion has been estimated 103 

using 1) the “tracer element” method, which measures the amount of common soil elements (i.e., 104 

Al, Ce, La, Si) in an individual’s feces and urine; 2) the “biokinetic model comparison” method, 105 

which measures the concentration of an element (e.g., Pb) in blood; and 3) the “survey response” 106 

method, in which questions about soil ingestion are combined with a tracer element (Doyle et al. 107 

2012). None of these techniques are practical for free-ranging animals. Previous nonhuman 108 

primate geophagy studies have therefore used qualitative descriptions, like a “handful,” 109 

“mouthful,” or “a bite,” to estimate the amount of soil consume (Krishnamani 1994; Klein et al. 110 

2008). These descriptions, however, are imprecise. Field experiments can overcome these 111 

limitations through direct observation and weighing the amount of soil consumed.  112 

 113 

Black-and-white colobus monkeys (Colobus guereza) have particular behaviors and diets that 114 

make them an ideal species to examine multiple hypotheses about geophagy. For instance, black-115 

and-white colobus monkeys eat highly digestible foods that are broken down via anaerobic 116 
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fermentation in the foregut, creating volatile fatty acids. These compounds can lead to a decrease 117 

in the forestomach pH and may cause fatal acidosis (Goltenboth 1976). Further, the diet of black-118 

and-white colobus monkeys also contains PSCs that can cause GI distress. Although there is 119 

evidence that clay minerals may offer some protection against acidosis (Davies and Baillie 1988) 120 

and PSCs (Hladik and Gueguen 1974; Oates 1978), no studies have investigated this in colobus 121 

monkeys. Additionally, while previous studies have analyzed the chemical and mineralogical 122 

content of soils consumed by colobus monkeys (Oates 1978; Fashing et al. 2007), none have 123 

assessed bioavailability, which is essential for testing the supplementation hypothesis.  124 

 125 

We, therefore, sought to fill these knowledge gaps by conducting a field experiment in which we 126 

concurrently offered known amounts of iron- and clay-rich soils from existing geophagy sites to 127 

black-and-white colobus monkeys living in the Budongo Forest Reserve, Uganda. Given that the 128 

soils had the potential to confer beneficial micronutrients and/or protection from GI distress, we 129 

hypothesized that black-and-white colobus monkeys would compete for access (i.e., show 130 

aggression) because soil is a valued resource. We also hypothesized that clay-rich soils would be 131 

preferentially selected and consumed, in support of the protection hypothesis.  132 

 133 

Materials and Methods 134 

Study site and subjects 135 

We conducted a geophagy experiment across ten days (October 14 - 23, 2016) in the Budongo 136 

Forest Reserve (1.617 – 2.0° N, 31.367 – 31.766° E) (Fig. 1). This reserve is a moist, semi-137 

deciduous tropical forest located in the Masindi District of western Uganda (Eggeling 1947; 138 

Plumptre and Reynolds 1996). The reserve is home to over 95 vertebrate species (Plumptre, 139 
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unpublished data), some of whom eat soil from permanent geophagy sites and termite mounds 140 

(e.g., chimpanzees, bushbuck, duiker, black-and-white colobus). We previously identified four 141 

geophagy sites in the reserve by direct observation and camera trap monitoring in 2015-2016 142 

(Reynolds et al. 2015, 2019; Pebsworth et al. 2019a) (Fig. 1).  143 

 144 

 145 

Figure 1. Two experimental stumps were placed at each permanent geophagy study site (G6, 4/6) 146 

in the Budongo Forest Reserve. One stump contained soil higher in clay minerals and the other 147 

contained soil higher in bioavailable iron. Black-and-white colobus monkeys were observed 148 

routinely eating both soils in prior studies. 149 

 150 

Black-and-white colobus monkeys live in small troops containing multiple females and one or 151 

more adult males. In multi-male troops, one male is dominant, and interaction between males is 152 

agonistic (Bocian 1997). The average troop size in the Budongo Forest is 8-10 individuals (Marler 153 

1969; Schel et al. 2010). Intergroup aggression among colobus monkeys functions to directly 154 



 9 

defend mates and food resources (Fashing, 2001). Between 2008-2009, researchers identified 155 

approximately 60 different colobus groups within the Budongo Forest Reserve. These groups were 156 

found 150-200 m apart (Schel et al. 2010), indicating that there was considerable home range 157 

overlap among colobus troops (i.e., there is potential for troops to interact and compete for 158 

resources).  159 

 160 

Colobus monkeys are folivore/frugivores and possess a chambered stomach (Chivers and Hladik 161 

1980). Leaves and leaf buds typically dominate their diet (Oates 1978). There is no published 162 

dietary information for black-and-white colobus monkeys from Budongo. However, data from 163 

eight groups within Kibale National Park (located in Uganda) showed that 78.5-94.0% of 164 

foraging effort is spent on leaves (Harris and Chapman 2007). At Budongo, black-and-white 165 

colobus monkeys are preferred prey for chimpanzees and crown eagles (Newton-Fisher et al. 166 

2002; Schel et al. 2010; Hobaiter et al. 2017). 167 

 168 

Experimental design  169 

Researchers have conducted several field experiments at Budongo (Gruber et al. 2009), but this 170 

was the first geophagy field experiment. We first created four similar-looking experimental 171 

stumps made out of dead wood found in the Budongo Forest Reserve by drilling a 15 x 15 x 10 172 

cm hole on the flat surface; stumps were cleaned with an antiseptic liquid to prevent transmission 173 

of human pathogens (Fig. 2A). We then selected two sites where geophagy was regularly 174 

occurring and placed two stumps at each (Fig. 1). We partially buried the stumps with the 175 

surrounding soil and placed leaves and branches around the base to make them look natural (Fig. 176 

2B).  177 
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 178 

At each study site, one stump was filled with approximately 5kg of iron-rich soil from that 179 

particular area and the other was filled with approximately 5kg of clay-rich soil from a 180 

neighboring community, Waibira (Fig. 2B). On the sixth day, we reversed the type of soil that 181 

was in the stumps at both sites (i.e., a cross-over design), keeping the stump position the same to 182 

ensure that any observed differences in behavior were related to soil type, not stump design or 183 

stump preference. We checked the stumps daily and replenished the soil in the evening or the 184 

day after animals consumed it. The first five-day period was October 14-18, and the second was 185 

October 19-23.  186 

 187 

Figure 2. We created experimental stumps of a known weight. (A) On the surface of the stump, 188 

we carved a hole to house a known quantity of soil from two permanent geophagy sites. A 189 

smaller hole was drilled on the side to allow moisture to drain. (B) One stump was filled with 190 

approximately 5kg of iron-rich soil from that particular area (stump on the left), and the other 191 

was filled with approximately 5kg of clay-rich soil from a neighboring community, Waibira 192 

(stump on the right). 193 

 194 
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The soils from the study sites (G6 and 4/6) were physically, chemically, and mineralogically 195 

similar, but different from Waibira soil. Specifically, we classified the soil from Waibira and G6 196 

as “Gley 1”. Waibira had a neutral hue (7/N), while G6 soil had a green-yellow hue (7/5GY) 197 

(Munsell Color 2010). Soil color is indicative of minerals from the parent material, organic 198 

matter, iron, and moisture. As such, soil from Waibira contained a higher percentage of 2:1 clay 199 

minerals (e.g., montmorillonite), which we measured with X-ray diffraction (XRD) (Table 1). In 200 

the laboratory, soil from Waibira had a stronger capacity to adsorb phenolic and alkaloid 201 

compounds than soil from sites G6 and 4/6. We measured the adsorption of plant secondary 202 

compounds (expressed as average gallic acid equivalent adsorbed (μg/mg soil) using the Folin-203 

Ciocalteu method (Table 1) (Pebsworth et al. 2019a). 204 

 205 

We removed approximately 95% of micronutrients found in the soil with a HNO3 / HCLO4 206 

extraction and measured the concentration of iron using Inductively Coupled Plasma (ICP) 207 

(Table 1). We also analyzed the soils for bioavailable iron using Caco-2 cell experiments.  208 

 209 

Table 1 210 

Characteristics of soils placed in artificial tree stumps used in a geophagy field experiment 211 

conducted in the Budongo Forest Reserve. We determined 2:1 clay minerals by X-ray 212 

diffraction, adsorption of plant secondary compounds using the Folin-Ciocalteu method, 95% of 213 

iron (ppm) using Inductively coupled plasma (ICP), and bioavailable iron using Caco-2 cell 214 

experiments. 215 

 216 
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Site 
2:1 clay minerals 

(mean %) 

Average gallic 

acid equivalent 

adsorbed 

(μg/mg soil) 

Fe (ppm) 
Bioavailable iron 

(ng/ferritin/mg 

cell protein) 

G6 3.5 12 4653.2 19.73 

4/6 2.0 15 1754.0 20.68 

Waibira 22 29 8007.2 3.97 

 217 

Monitoring behavior 218 

The field experiment was actively monitored for all ten days with Bushnell Trophy camera traps 219 

(one at each site) that were activated by infrared motion and heat detection. We positioned the 220 

cameras approximately 20 cm above the ground near the experimental stumps, and programmed 221 

them to take 59-second videos with a 1-second interval between videos, for a total of 480 hours. 222 

Cameras were synchronized by date and time.  223 

 224 

For each video, the first author documented the stump from which the animal(s) consumed soil, 225 

how many animals were present, age-class and sex (when possible), and signs of aggression. We 226 

defined “aggression” as an individual pushing, hitting, excluding, and chasing away others from 227 

the stumps. Aggression that was not associated with competition for access to the stump was not 228 

coded.  229 

 230 

Statistical analysis 231 

We used chi-squared tests to evaluate our first hypothesis that if soil was a valued resource intra- 232 

and inter-troop aggression would increase over time. Using chi-squared tests, we determined 233 

whether the number of aggressive events at the experimental stumps were statistically different 234 
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between the first five days and the last five days (p<0.01). We ran basic statistics in Stata 15 235 

(StataCorp. 2017. Stata Statistical Software: Release 15. College Station, TX: StataCorp LLC).  236 

 237 

Ethical note 238 

We obtained ethical permission for this study from the University of Texas at San Antonio’s 239 

Institutional Animal Care and Use Committee (IACUC). We followed all applicable 240 

international, national, and institutional guidelines, and complied with all recommendations from 241 

the University of Texas at San Antonio. All study activities conformed to the ASAB/ABS 242 

guidelines for the Treatment of Animals in Behavioral Research and Teaching. For instance, we 243 

used camera traps to reduce human contact and limited the number of experimental days to 244 

minimize any potential effects of the study. 245 

 246 

Results 247 

Geophagic behavior  248 

Although other species of animals have been observed eating soil in the Budongo Forest Reserve 249 

(e.g., chimpanzee, bushbuck, red duiker, blue duiker) (Pebsworth, unpublished data), the camera 250 

traps only recorded black-and-white colobus monkeys eating soil at the experimental stumps. 251 

Additionally, while monkeys were present at both sites, interaction with the stumps was only 252 

observed at site G6 (Fig. 1).  253 

 254 

A camera trap captured 260 videos of black-and-white colobus interacting with the experimental 255 

stumps on three days. Of these videos, one or more monkeys were eating soil in 242 (93%) 256 

videos. In the remaining 18 videos, monkeys were smelling the soil (n=6), licking the soil and 257 
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stump (n=3), or chewing bark on the experimental stump (n=9). For example, one monkey was 258 

recorded smelling both stumps and then eating only the clay-rich soil from Waibira. Two of the 259 

three licking events occurred at the end of the experiment, apparently to remove remaining soil 260 

from the outside of the stump that housed clay-rich soil. When the clay-rich soil was fully 261 

exhausted, two monkeys were recorded smelling the iron-rich soil and then departed while 262 

another smelled the iron-rich soil, placed its head into the stump that had contained clay-rich 263 

soil, and proceeded to lick the outside of the stump. 264 

 265 

The number of individuals varied considerably at the stumps, from 1 to 11 (Fig. 3A, Table 2). In 266 

total, the black-and-white colobus monkeys spent 4.33 h interacting exclusively with the 267 

experimental stumps and consumed only the clay-rich soil from Waibira. Sex identification was 268 

difficult, as distinguishing features (e.g., nipples, penis, ischial callosities) were often concealed. 269 

Nonetheless, adult females were obvious in 51% of videos, adult females with an infant in 47%, 270 

juveniles in 18%, and adult males in 1% (Fig. 3B). During this experiment, only one female 271 

chimpanzee with an infant interacted with an experimental stump; however, by the time she 272 

arrived, all the clay-rich soil had been eaten.  273 
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 274 

Figure 3. Two experiment stumps were visited by two troops of black-and-white colobus 275 

monkeys. (A) The number of individuals at the stumps varied from 1-11 during the video clip, 276 

(B) adult females with an infant were present in 47% of videos, (C) aggression occurred between 277 

adults and juveniles, and (D) monkeys exhibited vigilant behavior. 278 

 279 

There were more geophagy videos recorded during the second five days than the first five days 280 

of the experiment (Table 2). Even though more time was spent at the stump during the second 281 

period and the monkeys ate more soil, the rate of soil consumption during the first and second 282 

period remained the same (0.04 kg/min). Observed aggression increased across the two periods 283 

and the difference in the number of events was statistically significant (p = 0.012) (Table 2). In 284 

these videos, some individuals had less access, appeared younger, and were pushed away, 285 

excluded, and chased from the experimental stumps (Fig. 3C) (Table 2).  286 
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 287 

Table 2. Camera trap data from the G6 site in the Budongo Forest Reserve, where black-and-288 

white colobus monkeys interacted with an experimental stump that contained soil from Waibira.  289 

 Days 1-5 (n=121) Days 6-10 (n=139) 

Individuals at stumps 1-8 1-11 

Videos with geophagy 121 139 

Amount of soil consumed 

(kg) 
  

Clay-rich (from Waibira) 4.52 5.15 

Iron-rich (from G6) 0 0 

Number of aggressive 

events 
9 25 

 290 

 291 

Soil consumption and quantity eaten 292 

After a brief exploration of both stumps (looking, smelling), black-and-white colobus monkeys 293 

exclusively ate the clay-rich soil from Waibira, even after reversing the soils in the stumps 294 

(Table 1). The monkeys ate 4.52 kg of soil on October 14-15, 2016, and 5.15 kg of soil on 295 

October 22, 2016. On average, the monkeys ate approximately 2.23 kg of soil/hr. Although we 296 

were unable to determine when stumps were depleted, there is evidence that the monkeys 297 

continued to interact with the stump even when empty (e.g., licked remaining clay-rich soil from 298 

the stump). 299 

  300 

Discussion 301 

In this first geophagy field experiment, we used camera trap videos and well-characterized soil to 302 

examine soil preference in Colobus guereza. We allowed monkeys to choose between clay-rich 303 
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and iron-rich soils, and they exclusively consumed the clay-rich soil. To distinguish between 304 

soils, monkeys looked at and smelled both experimental stumps, but few licked the soil before 305 

eating it. This suggests that soil selection was primarily based on visual and olfactory cues.  306 

 307 

Wet earth has a distinct smell that human geophagists most commonly cite as the main attraction 308 

for soil eating (Young et al. 2010; Huebl et al. 2016). Our experiment demonstrated that soil with 309 

higher clay content was selected over soil with lower clay content. We cannot say why these 310 

monkeys chose the clay-rich soil but suggest that the smell of clay could have been a stimulus 311 

for geophagy. In addition to clay, it has been hypothesized that soil containing salts, lime, and 312 

organic matter may provide olfactory stimulation for geophagy (Stambolic-Robb 1997; 313 

Krishnamani and Mahaney 2000). The soil provided in this experiment lacked organic matter, 314 

but monkeys may have been responding to the smell of micronutrients, such as iron within the 315 

soil. It has been suggested that the smell of organically bound iron may lead gorillas to soluble 316 

iron (Mahaney et al. 1990). Other studies have also reported the importance of olfactory cues in 317 

locating and assessing food quality (Nevo and Heymann 2015). 318 

 319 

It has never been demonstrated that the taste of salt was a stimulus for primate geophagy 320 

(Krishnamani and Mahaney 2000). In fact, when chacma baboons selected between soil of 321 

varying degrees of saltiness, they chose soil with the least amount of sodium and the highest 322 

percentage of clay minerals (Pebsworth et al. 2012). In response to sodium deficient diets, black-323 

and-white colobus monkeys may or may not preferentially select sodium-rich foods (Oates 1978; 324 

Rode et al. 2003). Given that some monkeys were observed licking the soils, soil texture (i.e., 325 

sand, silt, clay content) may also be important. 326 
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 327 

We primarily focused on iron as a key micronutrient because it is generally low in natural foods 328 

and may be deficient in the black-and-white colobus monkeys’ diet (Rode et al. 2003). It is clear 329 

that despite large amounts of iron in the Waibira soil, very little was bioavailable, which suggests 330 

that the clay fraction can bind up trace iron. (Table 1). The Caco-2 cell experiments revealed that 331 

the amount of bioavailable iron present in the Waibira soils was below the level of a quality 332 

control cell that lacked soil (Pebsworth et al. 2019a). Naturally occurring plant compounds can 333 

decrease micronutrient bioavailability; oxalate and phytate inhibit calcium absorption (Gibson et 334 

al. 2010), phytate inhibits zinc absorption, and polyphenols, phytate, calcium, legume proteins, 335 

and casein inhibit iron absorption (Hambidge 2010). Future research should determine the 336 

bioavailability of calcium, and other micronutrients found in soil eaten by non-human primates. 337 

 338 

Wild black-and-white colobus monkeys competed for access to soil from Waibira containing a 339 

higher percentage of 2:1 clay minerals than from soil within their home range (G6) containing 340 

more bioavailable iron. Camera trap videos documented that more monkeys were present, more 341 

soil was eaten, and more time was spent at the experimental stumps during the second half of the 342 

experiment (Table 2). The videos also documented intra-troop aggression at the experimental 343 

stumps. Juveniles and seemingly less privileged individuals had fewer opportunities to consume 344 

the clay-rich soil in the stump. The experimental stumps represented a poorly distributed, novel, 345 

food source that could be monopolized, which caused feeding competition (Harris 2006). These 346 

observations support our first hypothesis that black-and-white colobus monkeys would compete 347 

for access (i.e., show aggression) for this soil because it was a valued resource. 348 

 349 
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In addition to aggression, black-and-white colobus displayed vigilance, perhaps in response to 350 

competition and risk of predation. Vigilance is defined as “any visual search directed beyond arm’s 351 

reach” (Treves 1999). Typical vigilant behaviors include a heightened state of awareness, 352 

watching, listening intently, and looking up (Cords 1990). Based on the presence/absence of 353 

recognizable individuals and behavior, it appeared that two troops of black-and-white colobus 354 

monkeys interacted with the geophagy experiment. Camera traps did not record inter-troop 355 

interactions at the stumps, but they could have taken place out of the camera’s view. 356 

 357 

That soil was a valued resource is further supported by risk of predation to access the soil. 358 

Descending to the ground might also be perceived as a risky behavior. Colobus monkeys are highly 359 

arboreal and locomotion is awkward while on the ground. Furthermore, black-and-white colobus 360 

monkeys are a preferred prey item for chimpanzees at Budongo, so vigilance could be in response 361 

to risk of predation (Schel et al. 2010; Hobaiter et al. 2017). While in the trees, escape would be 362 

much easier than on the ground. Similar results were observed with brown spider monkeys, who 363 

descended to saladeros (licks) to eat soil even though there was risk of jaguar, puma, and ocelot 364 

predation (Link et al. 2011).  365 

 366 

In sum, our findings provide support for our second hypothesis that clay-rich soils would be 367 

preferentially selected and consumed, in support of the protection hypothesis. Colobus monkeys 368 

preferentially consumed clay-rich soil that had the potential to bind polar PSCs common in the 369 

black-and-white colobus diet (Ta et al. 2018; Pebsworth et al. 2019a) and adjust gut pH (Oates 370 

1978; Davies and Baillie 1988). During the experiment, some individuals ate the novel clay-rich 371 

soil in the stump while others continued to eat iron-rich soil in the natural setting. Curiously, the 372 
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monkeys did not eat the iron-rich soil in the experimental stump, even once the clay-rich soil was 373 

exhausted. What remains unclear is whether the monkeys ignored the iron-rich soil in the stump 374 

because they knew where to find it, they preferred the clay-rich soil, or they preferred a novel 375 

food item.  376 

 377 

Why chimpanzees did not interact with the experimental stumps is curious. Over the last decade, 378 

both habituated and non-habituated chimpanzees have engaged with these types of field 379 

experiments (Gruber et al. 2016). One possibility is that the chimpanzees perceived the stumps as 380 

unnatural and avoided them. Another possibility is that chimpanzees in the Budongo Forest 381 

Reserve do not eat the iron-rich soil but instead drink standing water at G6 and 4/6 that is infused 382 

with clay and iron (Pebsworth et al. 2019a). 383 

 384 

This experiment had several strengths: soils eaten by the monkeys were well described, i.e., a 385 

laboratory ran a battery of soil analyses, and there was a marked difference between the two soils 386 

with regards to potential for detoxification and iron supplementation (Pebsworth et al. 2019a). We 387 

used camera traps to document geophagy continually (e.g., which species, duration) without 388 

introducing observer bias. To our knowledge, this was the first field experiment to establish not 389 

only soil preference but the quantity of soil consumed.  390 

 391 

This experiment also had several weaknesses, including that these monkeys were not habituated 392 

to human presence, nor were they routinely followed, so we do not know their diet and the social 393 

hierarchy or composition of the troop members. As well, we may have selected soil different from 394 

what the colobus monkeys would have selected for themselves. Additionally, soil from Waibira 395 
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would have been outside the monkeys’ home range and, therefore, novel to them. As such, this 396 

experiment would have been more appealing to less neophobic monkeys. The hole carved into the 397 

stump was also small, which may have prevented less privileged monkeys from participating.  398 

 399 

Despite these shortcomings, this experiment yielded insights about geophagy and its role as a form 400 

of self-medication for black-and-white colobus. We cannot definitively conclude why one soil was 401 

selected and the other was not. The behavior observed at the stumps, however, suggests that 402 

consumed soil was chosen based on color, smell, and in limited cases, taste and texture. Once 403 

eaten, the soil had the potential to serve multiple functions – protection and supplementation of 404 

micronutrients. 405 

 406 

Regarding future geophagy experiments, we recommend that the number of experimental trials is 407 

limited to avoid altering patterns of movement and increasing intra and inter-troop aggression. 408 

Research at Budongo has demonstrated that clay-rich soil can adsorb high concentrations of plant 409 

secondary compounds that can result in gastrointestinal distress. We recommend that this 410 

geophagy field experiment be repeated and conducted at other research sites to ensure that these 411 

findings are not due to stochastic variation. 412 

 413 

Research has shown that a consequence of global climate change is a decline in the nutritional 414 

composition of leaves and an increase in plant secondary compounds (Marsh et al. 2013). This 415 

experiment demonstrates that soil is an important dietary resource, and we advocate for the 416 

conservation and preservation of geophagy sites where animals congregate to eat soil. In a time of 417 
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unprecedented habitat destruction and intra- and interspecies competition for finite resources, 418 

geophagy sites may become increasingly vital to animal health and survival.  419 
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 611 

FIGURE LEGENDS 612 

Figure 1. At permanent geophagy sites, we placed two experimental stumps. One stump contained 613 

soil high in clay minerals and the other contained soil high in bioavailable iron. Both soils were 614 

routinely eaten by black-and-white colobus in the Budongo Forest Reserve. 615 

Figure 2. Figure 2. We created experimental stumps of a known weight. (A) On the surface of 616 

the stump a hole was carved to house a known quantity of soil from two permanent geophagy 617 

sites. A smaller hole was drilled on the side to allow moisture to drain, (B) one stump was filled 618 

with approximately 5kg of iron-rich soil from that particular area (stump on left) and the other 619 

was filled with approximately 5kg of clay-rich soil from a neighboring community, Waibira 620 

(stump on right). [2B filled stumps on Figure 1]. 621 

Figure 3. Two experiment stumps were visited by two troops of black-and-white colobus 622 

monkeys. A) The number of individuals at the stumps varied during the 59-second videos from 623 

1-11, B) adult females with an infant were present in 47% of videos, C) we saw aggression 624 
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among adults and between adults and juveniles, and D) monkeys exhibited highly vigilant 625 

behavior. 626 


