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Geophagy in Masked Titi Monkeys (Callicebus 
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ABSTRACT. Geophagy was observed 14 times during an ll-month field study on the ecology and 
behavior of masked titi monkeys (Callicebus personatus melanochir). Geophagy took place in 12 
cases on the surface of a leaf-cutting ant mound (Atta spec.). Analysis of chemical composition 
and natural features of the soils consumed by the monkeys showed elevated concentrations of 
several elements. In contrast, a lower concentration of carbohydrates was found in the ant mound 
sample compared to random non-ant mound soil samples. No difference in the concentration of 
clay elements, pH-value or percentage of organic matter was found between ant mound samples 
and randomly collected soil samples. Comparison of used versus not used samples failed to reveal 
significant clues about function of geophagy. However, chemical and physical properties of soils 
ingested support previous hypothesis that this behavior may aid in the adsorbtion of plant toxins. 

Key Words: Callicebus personatus; Masked titi monkey; Geophagy; Chemical properties; Soil 
properties. 

INTRODUCTION 

Geophagy, the consumption of soil, have been reported among prosimian (Lemur: 
GANZHORN, 1987) and catarrhine primate species (Presbytis: DAVIES & BAILIE, 1988; 
Colobus: OATES, 1978; Macaca: INOUE, 1987; Papio: HALL, 1962; Pan: GOODALL, 1963; 
Gorilla: MAHANEY et al., 1990). Some of  these primates spend most of  their daily lives on 
the ground, while others are mainly arboreal. Little is known about geophagy of the 
arboreal platyrrhine monkeys. IZAWA (1993) reported that soil eating is common in 
two species (Alouatta and Ateles) out of  12 that he observed in the Amazon rainforest of  
Colombia. Furthermore, Alouatta has been reported to eat the clay from an oven-bird nest 
(BICCA-MARQUES & CALEGARO-MARQUES, 1994). Only one species of  the callitrichids, 
Saguinus mystax, has been recorded as geophagil (HEYMANN & HARTMANN, 1991). The 
feeding ecology of  Callicebus has been the focus of several studies (KINZEY et al., 1977; 
EASLEY, 1982; KINZEY & BECKER, 1983; WRIGHT, 1985), but geophagy has not been 
reported on. 

A variety of  functions have been assigned to geophagy in primates. In a review, DAVIES 
and BAILLIE (1988) said there is no reason why geophagy should have just one single 
function: it may serve different functions at different times. The many possible functions 
of  geophagy in primates appear to be associated with an herbivorous diet. In herbivorous 
primate species, geophagy may have the function of  (1) dietary mineral supplementation 
(CLUTTON-BROCK, 1972; DAVIES & BAILLIE, 1988; GANZHORN, 1987; JOHNS & DUQUETTE, 
1991; JOLLY, 1985; SCHALLER, 1965); (2) adjustment of  pH level in the stomach (DAVIES 
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BAILLIE, 1988; OATES, 1978; POIRIER, 1970); or (3) adsorption of plant toxins such as 
tannins and secondary compounds (HLADIK & HLADIK, 1972; JOHNS & DUQUETTE, 1991; 
OATES, 1978; DAVIES & BAILLIE, 1988). Three other hypothesis of geophagy in primates 
which are not directly related to a herbivorous diet are: (4) tactile sensation in the 
mouth (HLADIK & GUEGUEN, 1974); (5) physio-chemical effects in the gastrointestinal 
tract (HLADIK & GUEGUEN, 1974); and (6) relief from infestation of internal parasites 
(BICCA-MARQUES & CALEGARO-MARQUES, 1994; MAHANEY et al., 1996). 

In this paper, geophagy in masked titi monkeys is documented. Chemical composition 
and natural features of the soil eaten and not eaten will be discussed with respect to the 
role of geophagy in the mainly frugivorous C. personatus. 

METHODS 

STUDY SITE AND BEHAVIORAL OBSERVATIONS 

The study site was a forest segment of about 100 ha at the Estag~o Experimental Lemos 
Maia (ESMAI), which is one part of some forest segments of about 400 ha, owned and 
protected by the cocoa growing authority CEPLAC (Comissao Executiva do Piano da 
Lavoura Cacaueira). The ESMAI is located in the district of Una, Bahia, Brasil (15 ~ 
39~ 

The altitude of the study site is about 100m above sea level. The climate is characterized 
by an average annual rainfall of about 2,000 mm (HOHL, 1993). NO distinct dry and wet 
season were noted. The yearly medium temperature was 23.6~ with a cold season from 
June to October and a warm season from November to May. The vegetation of the study 
area is characterized as evergreen coastal rainforest (VELOSO, 1965). A description of the 
different forest types is given by RYLANOS (1982). The forest stands on slightly undulating 
terrain. The soil is relatively poor in minerals and nutritients and has a low cation-exchange 
capacity (MELO, 1973). 

During an ll-month study on the ecology and behavior of masked titi monkeys, 
Callicebuspersonatus melanochir (Cebidae), two groups were observed from October 1992 
to September 1993 during 101 complete days for a total of 1,030 hrs. For details on group 
composition see MOLLER (1995). Observations of the study group were conducted from 
dawn, when the titi monkeys left their sleeping tree, until the late afternoon, when they 
reached their sleeping tree. Habituation and accompaniment of the group were facilitated 
by using telemetry (MOLLER, 1994). Data on the ecology and behavior of masked tiffs were 
collected by scan-sampling with 5-min intervals (ALTMAN, 1974). Geophagy and other 
infrequent behaviors were recorded by ad lib. sampling, with as detailed a description 
as possible (ALTMAN, 1974). Soil samples were collected at the places where monkeys 
picked up soil for eating. For comparison, an equal number of samples were collected from 
the surface of the forest ground (top layer) at randomly selected places (other than ant 
mounds). Observations were carried out by K.-H. M. and the laboratory analysis by C. A. 
and G. H. 

ANALYTICAL METHODS 

Chemical Composition 

Soil samples were dried, stored in plastic bags, and kept at 5-IO~ in a refrigerator 
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until they were analyzed. Most of the elements were measured by X-ray fluorescence (XRF) 
techniques, using a Philips PW 1480 automated sequential spectrometer. Data processing 
was controlled by the Philips X 40 software package. Methods, specific details of analytical 
precision and accuracy are described by HARTMANN and WEDEPOrtL (1993). 

Physical and Chemical Soil Properties 

Particle Size Analysis 

Particle-size distribution was measured according to the procedure described by GEE 
and BAUDER (1986). As a pretreatment to disrupt soil-aggregates, the soils organic matter 
was oxidized with hydrogen peroxide. Iron- and manganese-oxides were reduced with 
sodium-dithionite, buffered by 0.3 M sodium-citrate. The samples were washed with 
distilled water to remove salts. To estimate particle-size distribution, a combined sieving- 
pipette method was applied to group the particles in size-classes as shown in Table 1. 

Table 1. Particle-size distribution in size-classes. 
Distribution t~m 

Sand 
Coarse 
Medium 
Fine 

Silt 
Coarse 
Medium 
Fine 

Clay 

2 0 0 0 -  630 
630 - 200 
2 0 0 - 6 3  

63 - 20 
2 0 - 6 . 3  
6 . 3 - 2 . 0  
< 2 . 0  

Chemical Soil Properties 

The soils organic matter, expressed as organic carbon (Corg), and the total nitrogen, Nt, 
was analyzed in a Carlo-Erba gas-chromatographer. 

The pH-value was measured in distilled water by mixing 10 ml of H20 with 5g of air- 
dried soil, waiting 2 hrs before the pH-electrode was placed into the sample. The estimation 
of total soil carbohydrates was based on a colorimetric method. One gram of air-dried soil 
was extracted with 2.5 ml 12 M H2SO4 and the supernatant solution centrifugated. In this 
solution, the carbohydrates were analyzed by a slight modification to the method reported 
by MOPPER and GINDLER (1973). 

RESULTS 

FIELD OBSERVATIONS 

Feeding on soil by masked titis was observed on ocassions in 14 cases during 11 months 
of observation (102 complete alert periods; CHIVERS, 1972). Twelve times the titis ate soil 
from ant mounds, one time from the forest floor and one time from a decomposed tree 
trunk. Soil eating was initiated by the movement of the group down towards the forest 
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Fig. 1. Seasonal variation in the frequency of geophagy in C personatus in relation to diet. 

floor to a height of  about 3 to 7m. One member of  the group would begin to climb down- 
wards if a leaf-cutting ant mound (Atta spec.) was close by. While climbing down the 
animal would give a very low level vocalization; a special type of  intra-group communica- 
tion (KINzEY, 1981). The other members of the group would rest near the mound, observ- 
ing the forest floor surrounding the ant mound. When the moving animal was near the 
forest floor at a height of about 50 cm, it jumped on the ant mound. The titi broke an 
aggregate of  soil from the mound by hand or mouth and picked it up. The monkey then 
moved rapidly back towards a nearby tree and climbed to a height of about 2 to 3m before 
eating the soil. (The piece of  soil picked up by the monkey was usually and naturally round, 
with a diameter of 6 to 9 mm and a weight of  about 5 to 10g.) The procedure of picking 
up an aggregate of  soil was then repeated once or twice more. After soil-eating, the monkey 
climbed back up to a height of about 3 to 7m above the ant mound. Another member of 
the group then climbed down. The other group members scanned as before. If  one of  
the scanning group members perceived a potential risk, it uttered a short vocalization 
(alarm call) and the monkey on the groond climbed rapidly upwards without looking for 
the source of  the alarm. When there was no threat, he climbed back to the floor to continue 
consuming soil. 

Hourly variation in geophagy was noticed. Masked tiffs ate soil only after 10:00 and 
before 16:00. Within this period, there was no preference for any hour of  the day that could 
be noted. Seasonal variation in geophagy was observed (Fig. 1). Geophagy has previously 
been associated with a folivorous diet. The proportion of  leaf intake of masked titis varied 
throughout the year (MOLLER, 1995), thus we tested the relationship between leaf 
consumption and geophagy. There was no significant correlation between the monthly 
frequency of  geophagy and the monthly percentage of  leaf intake (Spearman rank correla- 
tion test: rs=0.29, p=0.37,  N = l l ) .  
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Table 2. Average soil compositions and standard deviations of the soils consumed and randomly 
collected soil samples not consumed by C. personatus. 

Average composition 

Soil consumed Random soil samples Mann-Whitney U-test 
n = 6 n = 6 probability 

wt.% 
SiO2 62.8 + 4.4 65.5 -+ 8.8 0.2 
TiO2 3.4 -+ 0.6 2.6 _+ 0.4 0.04 
A1203 14.0 + 1.7 9.7 _+ 1.8 0.004 
Fe203 7.1 _+0.7 5.3 + 1.0 0.01 
MnO 0.051 -+0.016 0.035 _+0.008 0.08 
MgO < 0.005 < 0.005 0.93 
CaO 0.16 _+ 0.26 0.052 _+ 0.011 0.47 
Na20 < 0.005 < 0.005 0.33 
K20 0.043 _+ 0.02 0.025 _+ 0.008 0.04 
P2Os 0.039 + 0.006 0.031 -+ 0.005 0.02 
Sum 87.4 + 3.3 83.2 -+ 7.1 0.2 

ppm 
Sc 8+3  7 + 2  0.5 
V 171 _+ 16 124_+20 0.008 
Cr 89_+ 12 70_+ 14 0.04 
Co 4 + 2  3_+1 0.4 
Ni 10 _+ 3 5 _+ 2 0.02 
Zn 21 _+4 16_+3 0.02 
Rb 4_+ 1 4 + 1 0.5 
Ga 23 -+ 4 17 _+ 4 0.05 
Sr 20_+4 16+4 0.06 
Y 26 _+ 3 22 _+ 4 0.04 
Zr 1847 _+ 277 1565 + 313 0.2 
Nb 62 -+ 5 49 -+ 5 0.005 
Ba 7-+9 4-+3 1.0 
Pb 19_+4 15_+3 0.06 

MINERAL ANALYSIS 

The mineral composition of six samples of soil consumed by titi monkeys (mound of 
leaf-cutting ants) were compared to six soil samples (non-ant mound) not eaten by the 
monkeys. Samples from the ant mound are characterized by an aggregate structure formed 
by soil particles being cemented together by the ants. 

All samples were tasted by the observer after collection, but no particular taste (sweet, 
acid, salty, or bitter) was apparent. 

Mineral composition of the soil consumed and not consumed by the titi monkeys with 
the mean and standard deviation of the concentration of each element are presented in 
Table 2. Concentrations of the following elements were significantly higher in the samples 
consumed by titi monkeys: TiO2, A1203, Fe202, K20, P2Os, Nb, Y, Zn, Ni, Cr, and V 
(Mann-Whitney U test: p < 0.05 %). 

PHYSICAL AND CHEMICAL SOIL ANALYSES 

Some physical and chemical characteristics of  the soil samples are shown in Table 3. 
If these characteristics are important for ingestion by C. personatus, it can be argued that 
they should display significantly different values either in the soil's organic content (Corg, 
Nt), by its flavor (pH, carbohydrates), or by improved digestibility (clay content). No 
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Table 3. Soil-physical and -chemical characteristics of soils consumed by C. personatus and random 
soil samples. 

Soil consumed Random soil samples Mann-Whitney U-test 
n = 5 n = 6 probability 

%Co~g 3.52 _+ 1.83 4.36 + 0.57 0.2 
%Nt 0.23 _+0.11 0.28+0.02 0.41 
Corg/Nt 15.3 + 1.2 15.6 + 1.4 0.85 
pH (H20) 4.10 + 0.28 4.03 + 0.19 0.71 
Carbohydrates (mg/g) 2.33 + 1.09 3.53 + 2.79 0.07 

Particle-size distribution (/zm) 
Sand >63 47.5+5.5 52+ 7.9 0.2 
Coarse silt 6 3 - 2 0  8.1 +2.3 6.5 + 1.4 0.52 
Medium silt 2 0 - 6 . 3  5.0+0.8 5.9 + 1.6 0.39 
Fine silt 6 . 3 -2 .0  2 .3+1.4 3.8 + 1.25 0.13 
Clay <2.0  37.2+4.5 31.8+5.8 0.13 

statistically significant differences were found among these measures between consumed 
and non-consumed soil samples (Mann-Whitney U test: p<0 .05%) .  

One interesting trend in the consumed soil was a slight tendency towards a more greasy 
textured soil which fails within the particle-size distribution having higher clay and lower 
sand content. However, this result is not statistically significant. 

DISCUSSION 

Several studies on the ecology and feeding behavior of  Callicebus have been carried 
out, but geophagy has never been reported in this genus (KINzEY et al., 1977; EASLEY, 
1982; KINZEY & BECKER, 1983; WRIGHT, 1985). Geophagy is reported here for the first 
time in a species of  this genus. 

Normally masked titi monkeys do not go on or near the forest floor (Mt3LLER, 1995). 
Masked titis were observed moving below a height of 5m in less than 1% of  their daily 
activity period. One reason why they move for only a small proportion of  their daily 
time budget near the forest floor may be the risk of predation by snakes (Bothrops or 
Corallus). Foraging on the forest floor for insects or small vertebrates was never observed. 
If  masked titis must eat soil, and soils from different places may not differ markedly in 
quality (top soil with ground litter), it would be advantageous for them to pick up the soil 
from an ant mound rather than from the forest floor because: (1) at the top of an ant 
mound titis will have more security as they can easily survey their surroundings by scan- 
ning; (2) it is easier for them to pick up an aggregate of  soil, cemented together by the 
leaf-cutting ants, than topsoil of  the forest floor; and (3) ant mounds are normally covered 
with less vegetation or litter, which may obviate clearing the litter and so diminishing 
exposure on the forest floor. 

Functions of geophagy, such as relief from internal parasite infection, physical or 
chemical effects, tactile sensation in the mouth or tradition were excluded from the analysis 
because no data are available to test these hypotheses. 

Geophagy has been described for several largely herbivorous primate species. Foliage of  
terrestrial plants tend to be low in sodium. The consumption of  soil could be a sodium 
supplement to the diet (ROBBINS, 1983), but both the geochemical analysis of the soils 
eaten and not eaten by titi monkeys showed very low concentrations of  sodium. The soil 
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consumed by C personatus showed, however, an enrichment of several chemical elements 
compared with the random soil sample. Nearly all investigations on geophagy, where the 
soil eaten was compared with random soil samples, reported similar results (DAVIES & 
BAILLIE, 1988; MAHANEY et al., 1990; HEYMANN & HARTMANN, 1991). In contrast to these 
findings, HLADIK and GUEGUEN (1974) concluded that the minerals contained in soil are 
not nutritionally significant in the diets of primates. C. personatus ingested soil on only 
14% of complete observation days and the amount of ingested soil was very small. 
It seems that mineral supplementation is not the most important function of geophagy 
in C. personatus. 

In some folivorous primate species, geophagy may serve as an antacid function for 
digestion (POIRIER, 1970; OATES, 1978). Our soil analysis showed that no significant 
differences of pH-level between the soil consumed and the random sampled soil were 
observed. The pH-values of soil in this study were relatively low, compared to investigations 
in which soil eating has been suggested as an antiacid function (DAVIES & BAILLIE, 1988). 
It seems that in the mainly frugivorous C. personatus, geophagy was not principally used 
for buffering the pH-level of the stomach. 

In primates, it has also been suggested that, soil rich in clay has been ingested because 
of its capacity to adsorb plant toxins such as tannins and secondary compounds (HLADIK, 
1977; JOHNS & DUQUETTE, 1991; OATES, 1978). The clay molecule has because of its flat 
structure a large surface with a great capacity to adsorb plant toxins (affinity) and carry 
away the toxic components of the diet. Mt3LLER (1995) described that C. personatus 
ingested fruits in 76.6% of the feeding records, leaves in 17.2%, and other food categories 
in 1.80/0 (food category was not identified in 4.2o/0 of the feeding records). Seeds were 
ingested in 28.6o70 of the frugivorous portion of the C personatus diet. Various studies 
on primate diet demonstrated that 5 to 13% of seed drymatter were tannins (DAVIES & 
BAILLIE, 1988; WRANGHAM et al., 1991; HAMILTON & GALDIKAS, 1994). Furthermore, 
BATE-SMITH (1972) pointed out that a bitter taste of food is an indication of plant toxin 
content. Forty-seven percent of the fruits ingested by C. personatus had a bitter taste 
(MOLLER, 1995). Unfortunately, the diet of C. personatus was not chemically analyzed. 
None the less we think that the bitter taste of fruits ingested by C. personatus is an 
indication that titi monkeys may also benefit from the adsorptive capacity of clay to 
detoxify certain food items in their diet. Our analysis showed no statistically significant 
difference in the proportion of clay between soil samples consumed by the titis and random 
soil samples. We observed the same proportion of clay in consumed and non-consumed soil 
samples as found in other studies, in which geophagy was referred to as having the function 
of detoxifying otherwise nutritions foods. 

There were no detectable chemical or physical revealed in our analysis for why termite 
mound versus ground soil samples were preferred. This may be influences by non-ingestive 
related factors such as predator avoidance. 

To examine further the function of geophagy in C. personatus, experiments in captivity 
under standard conditions need to be carried out. Under such conditions only one 
parameter (for example: type of diet: folivorous-frugivorous, ac id -non  acid; type of 
soil: pH-level, clay content) can be changed at a time to test each of the above mentioned 
functions of geophagy in primates. 
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