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Abstract: During 2000–2004, we studied five groups of the Critically Endangered Saguinus oedipus to determine dietary items 
exploited in a dry tropical forest fragment in northern Bolívar, Colombia.  The diet, as measured by the percentage of total multi-
year feeding frequencies, consisted of 48.6% fruits (includes aril, fruits and seeds, 28.1% of the dry season diet and 59.9% of 
the wet season diet), 24% exudates (44.9% in the dry season and 14.9% in the wet season), 15% nectar (2.1% in the dry season 
and 16.9% in the wet season), 9.8% arthropods (based on multi-year consumption this was 35.7 % in the dry season and 64.3% 
in the wet season), 1.1% fungi, 0.7% flowers (5 species) and three frogs.  Eighty-five plant species in 45 families were identified 
as part of the diet.  The families providing the most species were Rubiaceae (8 species), Sapindaceae (7 species), Bignoniaceae 
(5 species), and Boraginaceae, Fabaceae, and Meliaceae (4 species each).  Food items from an additional 30 families also were 
consumed, but they were only represented in the diet by 1−3 species per family.  We found marked seasonal differences in the 
consumption of food types across seasons in fruit, exudates and nectar but not arthropods.  In the dry season exudates served as a 
vital food, but they were also important during the wet season, putting into question their designation as “fallback foods.”  Gum 
consumption may play a role other than that as a fallback food, including its medicinal properties and the provision of essential 
nutrients and water.
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Resumen: Durante 2000−2004 estudiamos cinco grupos de Saguinus oedipus (Críticamente en Peligro) (CR) para determinar 
los ítems  de la dieta explotados en un fragmento de bosque tropical seco en el norte de Bolívar, Colombia. La dieta, medida por 
el porcentaje de las frecuencias de alimentación multianuales totales, consistió en 48.6% de frutas (incluye arilo, frutas y semi-
llas, 28.1% de la dieta de estación seca y 59.9% de la dieta de estación húmeda), 24% de exudados (44.9 % de la estación seca 
y 14.9% en la estación húmeda), 15% de néctar (2.1% en la estación seca y 16.9% en la estación húmeda), 9.8% de artrópodos 
(basado en el consumo multianual fue 35.7% en la estación seca y 64.3% en la estación húmeda), 1.1% hongo, 0.7% flores (5 spp) 
y tres ranas. Ochenta y cinco especies de plantas en 45 familias fueron identificadas como parte de la dieta. Los monos comían 
plantas de especies de las familias Rubiaceae (8 especies), Sapindaceae (7 especies), Bignoniaceae (5 especies) y Boraginaceae, 
Fabaceae y Meliaceae (4 especies cada una). También se consumían plantas de otras 30 familias, pero solo de 13 especies por 
familia. Encontramos marcadas diferencias estacionales en el consumo de tipos de alimentos a lo largo de las estaciones en frutas, 
exudados y néctar pero no en artrópodos (arriba). Durante este tiempo los exudados sirvían como un alimento vital, pero también 
son importantes durante la temporada de lluvias,  poniendo en duda su designación como "fallback foods". El consumo de gomas 
puede desempeñar un papel que no sea el de alimento alternativo (fallback food) como incluyen el suministro de nutrientes esen-
ciales, alimentos medicinales y agua.

Palabras claves:  variación interanual, estación seca, estación húmeda, Callitrichidae, neotrópicos

to elucidate its ecology and conservation status.  It is found in 
tropical dry forest in the northern part of Colombia and tropi-
cal humid forest in southern parts of its range.  All published 
research on this species is restricted to populations inhabiting 
tropical dry forest (Neyman 1977; Savage et al. 1986; Savage 

Introduction

The cotton-top tamarin Saguinus oedipus is endemic to 
Colombia and is Critically Endangered (Savage and Causado 
2014).  Numerous studies and surveys have been carried out 
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1988; Savage et al. 1996a, 1996b, 1997, 2009, 2010).  Except 
for lists of species, little is known about the diet of Sagui-
nus oedipus and the degree to which it varies across years or 
sites, or between disturbed and undisturbed habitats (Neyman 
1977; Bullock et al. 1995; Rodríguez 2001; Mendoza-C. 
2010; Rodríguez et al. 2012; García-Castillo and Orlando-Ch. 
2012; Savage and Causado 2014).

Ripe fruits are scarce during the marked dry season 
(December–April) of the Colombian tropical dry forests.  
Resource bottlenecks of this sort make primates turn to 
fallback foods.  Callitrichids, for example, depend more on 
gums (Garber and Porter 2010; Smith 2010), gibbons turn to 
figs (Marshall and Leighton 2006), many primates eat more 
leaves (Lambert 2007); and many species of langurs eat more 
liana fruits (Leighton and Leighton 1983; Takenoshita et al. 
2008).  A “fallback food” is defined as a low-quality food, rel-
atively poor in nutritional quality, that becomes an important 
dietary component when preferred foods are scarce (Marshall 
and Wrangham 2007; Marshall et al. 2009; Constantino and 
Wright 2009).

Generally Saguinus and the closely related saddle-back 
and black-mantled tamarins Leontocebus (the white-mouthed 
or “nigricollis group” of tamarins recently placed in their own 
genus; Rylands et al. 2016) feed on four types of food: fruits, 
invertebrates, and nectar and other exudates (mostly gums) 
(Garber 1993) but the proportions of these food groups in the 
diets are variable depending on the species and the seasonality 
of their habitats.  While the marmosets Callithrix, Mico, and 
Cebuella, are gum-feeding specialists (Rylands 1984, 1996), 
Saguinus and Leontocebus exploit gums more opportunisti-
cally, as they lack the specialized incisors for gouging tree 
bark to stimulate exudate flow (Coimbra-Filho and Mitter-
meier 1976; Rosenberger 1978; Ferrari 1993; Rylands, 1996).  
Consumption of gums by non-specialist Saguinus and Leon-
tocebus can account for between 5% and 15% of total feed-
ing time (Porter and Garber 2007; Garber and Porter 2010).  
A review of seven species of Saguinus and two species of 
Leontocebus, listed 73 species of plants in 50 genera from 25 
families exploited for their exudates (Smith 2010).  Tamarins, 
Saguinus and Leontocebus, have been observed to use more 
plant species for exudates than other callitrichid genera.

Our study site in northern Bolívar, Colombia, is drier 
than any other site where tamarins have been studied in the 
wild (841 mm of rainfall per year) and, expecting that fruits 
would be seasonally very scarce, we predicted that plant exu-
dates would play a correspondingly greater role in their diets 
(Garber 1993).  This prediction is based on a tendency for tam-
arins to consume more exudates in drier habitats, especially 
during the dry season (Garber 1993).  Data from another dry 
forest site (between 900 mm and 1300 mm rainfall per year) 
in the department of Córdoba (Montes de María, Colosó) is 
available for comparison (Cuervo et al. 1986; Galván-Gue-
vara et al. 2009).  The diet at Montes de María, Colosó, has 
not been fully published, but is available on the web at <www.
proyectotiti.com>.

Since both Bolívar and Montes de María are dry tropical 
forests, tamarins at both sites are expected to consume more 
exudates during the dry season, and we believe that this ten-
dency will contrast with the exudate consumption of cotton-
top tamarins at wetter sites.

Methods

Study area
Our study took place from 2000−2003 in the northern 

Colombian department of Bolívar at the Hacienda “El Ceibal” 
(10°37'36"N, 75°14'50"W) (Fig. 1).  The hacienda has an area 
of 3,000 ha, and the study area is a preserved patch of dry 
forest of 300 ha.  The forest has some 412 species of angio-
sperms (Rodríguez 2001).  The best-preserved parts have 
three well-defined strata with a canopy reaching heights of 
10−25 m and emergents as tall as 35 m (Rodríguez et al. 2012; 
Castro-Vásquez et al. 2010).  The forest has been selectively 
exploited for commercially valuable trees for many years, so 
its flora differs from its original ecological state (Rodríguez 
2001; Garcia-Castillo 2004), although some sections are said 
to be among the best-preserved tropical dry forest in northern 
Colombia (G. M. Rodríguez, pers. comm.).

The average annual precipitation from the nearest meteo-
rological station (16 km to the north) is 841 mm (n = 60 years) 
with a unimodal peak (wet season) of precipitation during 
May−November and a dry season from December−April 
(Rodríguez et al. 2012; IDEAM 2016).  The dry season is 
defined by the Köppen climate classification as those months 
with precipitation less than 60 mm, but more than 4% the 
total annual precipitation; thus, the climate is Aw or tropical 
savanna (see Wikipedia 2018).  The total rainfall during the 
years 2000 to 2003 was 807.8 mm, 637.4 mm, 503.8 mm, and 
1,025 mm, respectively (see Fig. 2).  Average annual maxi-
mum and minimum mean temperatures were 25°C and 16°C 
during the same period.

Data collection 
The study area had parallel paths that were marked every 

25 m.  Group members were captured and marked with col-
ored dye so as to distinguish each animal.  Following the 
methods of Savage et al. (1993), members of each group were 
located via signals from a radio collar fitted as a backpack on 
the dominant male of each group.  The transmitter weighed 
less than 3% of the tamarin’s body weight, and had a battery 
life of about nine months after which each male was re-cap-
tured and the battery replaced (as per the methods of Savage 
et al. 1993; Proyecto Tití 2018). 

From 2000 to 2003, we observed the five tamarin groups 
for a total of 2,799 hours—1,116 hours in the four dry seasons 
and 1,633 hours in the four wet seasons (Table 1).  Group 
sizes were counted at each observation period.  Calculated 
home ranges using overlays of quarter-hectare maps were as 
follows: 12.01 ha (4.8 individuals), 8.47 ha (5.5 individuals), 
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Figure 1. Hacienda El Ceibal, Bolívar, the research site, showing the open dry tropical forest, one of the last such forests in northern Colombia.

Figure 2. Rainfall at Hacienda El Ceibal, Bolívar. 841 mm, a 60-year average.

Table 1. Observation times of five groups (combined) of Saguinus 
oedipus over four years at Hacienda El Ceibal, Bolívar, Colombia.  
Year Observation time (hours) 
 Dry season 

December−April 
Wet season 

May−November Total 

2000 405 568 973 
2001 355 498 853 
2002 224 313 537 
2003  182 254 436 
Totals 1116 1633 2799 
	  

7.32 ha (4 individuals), 8.15 ha (4 individuals) and 4.68 ha 
(3.8 individuals).  Numbers of individuals in each group are 
averages throughout the four-year period.

Composition of the diet
Data on the diet were collected using instantaneous sam-

pling.  Every two minutes we watched one group member 
(one frequency per two minutes), recording each food item 
eaten or manipulated.  After the two-minute observations of 
one animal, we chose a different animal for the next point 
sample, cycling through all the group members, but exclud-
ing infants. We tried to compile observations equally on all 
individuals.

We lumped the feeding records of all group members 
and calculated overall percentages of each item from the total.  
Using total observations, we calculated the overall diet for 
all four years (2000, 2001, 2002, and 2003) and for the dry 
seasons and the wet seasons as the raw frequency of observa-
tions and percentage scores for species that contributed 1% or 
more of each of the diets.  Data from individual groups are not 
available.  We analyzed the total diets for the dry season and 
the wet season using the Shannon-Wiener index to compare 
dietetic diversity.  A paired t-test was calculated to compare 
mean percentage of use of Combretum fruticosum in the wet 

Table 1. Observation times of five groups (combined) of Saguinus oedipus 
over four years at Hacienda El Ceibal, Bolívar, Colombia.
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and dry seasons.  Percentage overlap in the diet between the 
dry and wet seasons was calculated for each pair of years from 
2000−2003 (totaling six dyads) by calculating the percent 
values shared for all food items and adding the total among 
the six comparisons (i.e. the years 2000−2001, 2000−2002, 
2000−2003, 2001−2002, 2001−2003, 2002−2003), a method 
used by Holmes and Pitelka (1968) for sandpipers, by Struh-
saker (1975) for red colobus monkeys, Struhsaker and Oates 
(1979) for dietary overlap between red colobus and black-
and-white colobus, Cords (1986) for variations in two species 
of forest guenons, and by Chapman (1987) comparing dietary 
overlap of Ateles geoffroyi, Alouatta palliata, and Cebus 
capucinus.  These studies calculated percent values from dif-
ferent months rather than different years (as in our study) and 
our overlap scores were used to clarify seasonal differences 
rather than species differences.

This study complied with protocols established by the 
Universidad Nacional de Colombia and adhered to the legal 
requirements of Colombia. The research adhered to the Amer-
ican Society of Primatology (ASP) Principles for the Ethical 
Treatment of Non-Human Primates.

Results 

The five study groups showed multiannual means of 
4.0–5.4 animals per group, and across all groups the mean 
average was 4.5 animals per group.  Between 2000 and 2003, 
we observed the five tamarin groups for a total of 2,799 hours, 
during which time 37.1% of their time budget was given 
over to feeding.  In all, 4,251 feeding frequencies were tal-
lied (see the Appendix for a list of the plant species and food 
types eaten by the tamarins).  When we pooled all the records, 
we found that the mean diet across groups was 48.6% fruits 
(includes arils, fruits and seeds, and totaling 53 species), 24% 
gums (17 species), 15% nectar (seven species), 9.8% arthro-
pods (insects and spiders), 1.6% fungi, 0.7% flowers (five 
species), and three frogs (see Appendix).

Eighty-six species of plants were exploited in the diet 
of these five groups (Appendix).  They represented 45 fami-
lies, including eight species of Rubiaceae, seven species of 
Sapindaceae, five species of Gnoniaceae, four species of 
Fabeaceae and Meliaceae, three species each of Annonaceae, 
Capparaceae, Flacourtiaceae and Moraceae, two species each 
of Apocynaceae, Arecaceae, Bombacaceae, Boraginaceae, 
Combretaceae and Sapotaceae and one species of Acantha-
ceae.  They ate the fruits of 65 species, the gum of 17 species, 
nectar of seven species, and the flowers of five (see Fig. 3 and 
Appendix).  Some species were used for more than one food 
type.

Although the tamarins ate gums from 17 species, Spon-
dias mombin (Anacardiaceae) accounted for a mean of 31.7% 
of the dry season feeding records (the mean of four dry sea-
sons) and 9.9% of the wet season feeding records (the mean of 
four wet seasons).  Other important tree species selected for 

gums were Albizia nipoides (3.4% total diet, 6.0% of the dry 
season diet and 2.6% of the wet season diet), Samanea saman 
(0.7% of the diet), and Enterolobium cyclocarpum (0.55% of 
the diet).  While the pattern was similar for each group, the 
data are not available to compare the groups.

Hobo, Spondias mombin, was the species most com-
monly exploited, for both its fruits and for gum, compris-
ing 8.9% and 13.1%, respectively, of the diet.  Its use was 
consistent across all groups and years.  The tamarins also ate 
the fruits (arils) and gum of Bursera simaruba, Guazuma 
ulmifolia, Maclura tinctoria, and Talisia olivaeformis.  They 
licked the nectar and ingested the seeds (swallowed whole 
and dispersed) of Arrabidaea conjugata and Pithecoctenium 
crucigerum.  They ingested seeds of 25 species, and all of 
these seeds were passed through the tamarins' guts and were 
dispersed.

Dry season diet 
The 13 species of plants of which the fruits or gums 

comprised ≥1% of the diet (n = 1,216 feeding frequencies) 
are shown in Figure 3.  A further 68 species were used for 
less than 1% of the time.  There were notable differences in 
the diet of the dry season (December–April) as compared to 
that of the wet season (May–November).  The monkeys ate 
from 745 different plants (trees or lianas) of 41 species during 
the dry season.  Gums formed 40.8% of the dry season diet 
(especially gum of S. mombin at 36.5% of the dry season diet).  
Three other species providing exudates accounted for ≥1% 
of the total dry season diet (Albizia niopoides, 11.7% dry + 
2.6% wet season; Acacia affinis, 4% dry + 2.8% of the wet 
season diet; and Guazuma ulmifolia, 2.8% dry + 2.6% of the 
wet season diet) (Appendix, Figs. 4 and 5).  The gums were 
eaten from deposits that had oozed out onto the surface of 
the trunks and branches as a result of insect damage or other 
physical damage.

The number of tree species bearing fruit during the dry 
season was 35, nine fewer species than those that fruited 
during the wet season.  Fruits of just seven species accounted 
for 22.3% of the dry-season diet (Fig. 4). 

Rainy season diet
In all, 2,642 feeding events were recorded during the 

rainy season (May–November). Spondias mombin contin-
ued to be the most common species in the diet, with fruits 
accounting for 10.5% of feeding time and exudates account-
ing for 9.9%.  Insects accounted for 18.5% of the diet during 
the dry season and 8.3% of the wet season diet.  However, the 
frequency of insect feeding bouts during the dry season was 
only about one-half the monthly rate of the wet season. The 
difference was statistically significant (dry season, 122 obser-
vations or 24.4/month, μ = 30.25, SD ±12.55; wet season, 
366 observations or 52.3/month, μ = 63.5, SD ±31.67; t(3) = 
3.4436, p = 0.0411).

During the four rainy seasons the animals ate from 44 
species of plants, although only 25 were used at a level of 
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Figure 3. The most frequent elements of the diet of Saguinus oedipus, based on frequency consumed during the entire study, 2000–2003.

Figure 4. Frequency of food types in the dry season diet of Saguinus oedipus (n =1,582).
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1% or more of the total diet for that year, and only 15 species 
reached the level of a mean of 1% or more of the diet for the 
four-year period.

Gum feeding during the dry season was not significantly 
different from that during the wet season (dry season, μ = 
154.5, SD ±25.41; wet season, μ = 206.5, SD ±61.1; t(3) = 
1.5397, p = 0.2213) even though they made up strikingly dif-
ferent percentages of each diet (44.4% gum feeding during 
the dry season as compared to 24.0% of the wet season diet, 
calculating the four most important gum species).  Taking 
the importance of gum feeding during both the dry and wet 
seasons, in this study gums cannot be considered a “fallback 
food.”

The most important source of gum was Spondias mombin 
that made up 31.7% of the dry season diet and only 9.9% of 
the wet season diet.  Nevertheless, dry season vs. wet season 
use was also not significantly different (μ = 141.5, SD ±98.97; 
wet season, μ = 85.5, SD ±51.59; t(3) = 2.3003, p = 0.1050).  
Curiously, during the last year of the study (2003) consump-
tion of Spondias mombin gum fell to nearly nothing during 
both dry and wet seasons, suggesting perhaps some multi-
annual cycle for this tree species.

 A multi-year comparison (2000 –2003)
Comparing the four years of the study, we found very 

little overlap between species in the diet.  There was an over-
all overlap percentage of 3.2% during the dry season and 3.1% 
during the wet season, based on the mean of all yearly overlap 
scores.  The greatest (highest) overlap scores were found in 
the dry season with five items: Spondias mombin gum 25.5%, 
insects 12.9%, Eugenia acapulcensis 1.5%, Albizia niopoides 
gum 1.6%, and Acacia affinis gum 1.7%.  Nine other items 
had overlap scores below 1%.  Wet season overlap scores 
were generally similar to the dry season, although there were 
more overlapping items, but at a lower level than during the 
dry season: Combretum fruticosum nectar 12.6%, Spondias 
mombin fruit 8.4%, Spondias mombin gum 6.7%, insects 
5.7%, Maclura tinctoria fruit 5.2%, Cordil lucidula fruit 2.7%, 
Eugenia acapulcensis fruit 2.3%, Strychnos tarapotensis fruit 
1.3%, and Albizia niopoides gum 1.3%.  Six other items had 
overlap scores below 1%.  The higher overlap scores indicate 
an increased frequency that the particular item was used each 
year and each month (see Table 2).

The increased overlap of different items during the wet 
season was also reflected in the higher H (Shannon Index) of 
3.361 for its diversity as compared to an H = 2.735 diversity 
index during the dry season.  Comparing the four years of 
the study shows that there was evidence of significant dif-
ferences in the species composition in the diet across years 
(for example, little overlap in the plant species consumed 
across years).  Plant parts from only three species were eaten 
by members of all five tamarin groups every year; eight spe-
cies were eaten in common during two of the four years, and 
the rest of the species (n = 22) were used only during one 
of the four years (Table 2).  Little overlap across years sug-
gests that most species of plants in the tamarins’ diet had 

multi-year phenological cycles or that yearly feeding patterns 
varied considerably.  Because we did not make these detailed 
phenological observations we cannot confirm that fruiting 
trees were being ignored.  The only species fed on by all five 
groups during each year was S. mombin, exploited for exu-
dates and for fruits.

Discussion 

Foraging for invertebrate prey and access to gum is facil-
itated by the ease with which the clawed tamarins can move 
along tree trucks and branches that are otherwise impossible 
for them to grasp (Garber 1993; Garber et al. 1996).  Gum has 
been identified as a fallback food, and it has been suggested 
that it has been a selective pressure on the evolution of char-
acteristics of their masticatory and digestive anatomy (Mar-
shall and Wrangham 2007; Marshall et al. 2009; Porter et al. 
2009; Power 2010; Mork et al. 2010).  However, although 
Callithrix and Cebuella possess digestive adaptations for exu-
dativory, Saguinus and Leontocebus do not.  The digestion of 
gums by mammals is not possible without in-gut fermentation 
(Power 1996, 2010).  Heymann and Smith (1999) showed that 
S. mystax and L. fuscicollis peak in gum feeding in the after-
noon, resulting in gum retention in the gastrointestinal tract 
throughout the night, a feature that could facilitate microbial 
fermentation.  With the data in hand, we unfortunately cannot 
say whether S. oedipus also possesses the same behavioral 
adaptation, preferring to consume gums in the afternoon.

According to Power (1996), gums have little protein, 
little fat and no vitamins, complex carbohydrates or minerals.  
Gums have, therefore, not generally been considered to be a 
high-quality food.  Garber (1984), however, found that pro-
tein levels in gums varied considerably during the year.  Phy-
tochemical analyses of the most important gum eaten by the 
cotton-top tamarins in this study suggest that the importance 
of Spondias mombin to these primates might be under-appre-
ciated.  Many medicinal properties have been identified in 
Spondias mombin gum (Ayoka et al. 2008), as an anthelmin-
tic (Ademola et al. 2005), anti-malarial (Carabalo et al. 2004), 
and in wound-healing (Villegas et al. 1997; Ajao et al. 1985), 
properties that could be of benefit to these primates.  Spondias 
mombin gum is water-soluble and contains the sugars arabi-
nose (pectine sugar), mannsone (residues of which broadly 
neutralize antibodies), rhamnose and arabinofuranose, the 
last of which is a novel betalactamase inhibitor that inhib-
its beta-lactamase, the most widespread enzyme that resists 
penicillin antibiotic and may support other natural antibiotics.  
Contra the finding of Power (1996), the gum of S. mombin 
is also high in calcium, potassium, sodium and magnesium 
(but not phosphorus).  Caffeol esters have been detected with 
antiviral properties as well as antiviral ellagitannins and butyl 
esters, also with antiviral and antibacterial attributes (Ayoka 
et al. 2008; Leon-De-Pinto et al. 1995; Coates et al. 1994; 
Corthout et al. 1991, 1992, 1994).  Spondias mombin is also a 
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Table 2. Combined diets during each of four years (2000, 2001, 2002, 2003) with percentage of each year and seasonal use (w=wet; d=dry season). 

2000 % diet & 
season 2001 % diet & 

season 2002 % diet & 
season 2003 

% diet 
& 

Season 
Spondias mombin gum 20.6-w/d Spondias mombin gum w/d 16.9 w/d Combretum fruticosum w/d 24.7-w Combretum fruticosum 22-w 
Insects 13.6-w/d Spondias mombin fruit 14.2-w Eugenia acapulcensis 15.9-d Insects 12.7-w/d 
Maclura tinctoria 9.1-w Crateva tapia fruit 12.2-w Spondias mombin gum 15.1 w/d Strychnos tarapotensis 11.2-w 
Combretum fruticosum 8.3-w/d Combretum fruticosum 10.3-w/d Insects 10.3-w/d Spondias mombin fruit 10-w 
Spondias mombin fruit 7.2-w Cordia lucidula 4.9-w Maclura tinctoria 6.3-w Maclura tinctoria 9.7-w 
Trichilia acuminata 6.4-w Eugenia acapulcensis 4.9-w/d Spondias mombin fruit 6.0-w Paullinia cururu 8.2-w 
Strychnos tarapotensis 6.3-w Trichostigma octandra 3.7-w Cordia lucidula 4.8-w Albizia niopoides 7-w/d 
Cordia lucidula 4.3-w Insects 3.7-w/d Albizia niopoides 2.9-w Enterolobium cyclocarpum 2.6-w 
Hongo 3.7 Cordia dentata 3.5-w Antirthea trichanta 2.4-w Mayna grandifolia 2.4-w/d 
Paullina cururu 2.6-w Matayba scrobiculata 3.3-w Trichostigma octandrum 1.8-w/d Eugenia acapulcensis 2.4-w/d 
Maytenus longypes  2.6-w Allophylus sp. 2.4-w Guazuma ulmifolia 1.8-d Spondias mombin gum 2-w/d 
Albizia niopoides 2.4-w/d Chamissoa altissima 2.3-d Samanea saman 1.6-d Acacia affinis 1.6-w/d 
Acacia affinis 1.8- w/d Maclura tinctoria 1.5-w Mayna grandifolia 1.4-w/d Pithecellobium lanceolatum 1.6-w 
Inga hayesi 1.8-w Soracea sprucei 1.4-d/w Crateva tapia 1.4-w Randia armata 1.3-d 
Mayna grandifolia 1.7-w Cissampelos pareira 1.4-d/w Acacia affinis 1.1-w/d Samanea saman 1.2-w 
Bursera simaruba 1.4-w Antirthea trichanta 1.4-w Piper aduncum 1.0-d Crateva tapia 1.2-w 
Solanum enoplacalyx 1.4-d Sideroxylon persimile 1.3-d/w Lagunclaria racemosa 1.0-w Celtis iguanaea 1.1-w 
Eugenia acapulcensis 1.3-w Capparis baduca 1.3-w Trichilia acuminata 0.8-w Cordia lucidula 0.8-d 
Hura crepitans 0.7-w Guazuma ulmifolia 1.3-d   Trichostigma octandrum 0.8-w 
Sideroxylon persimile 0.7-w Albizia niopoides 1.2-w     
Anemopaegma orbiculatum 0.6-d Crateva tapia 1.2-w     
Randia armata 0.6-d Hongo 0.9     
Guazuma ulmifolia 0.5-d Mayna grandifolia 0.9-d/w     
  Piper aduncum 0.9-w     
  Paullinia cururu 0.8-w     
  Pithrirus retroflexa 0.7-w     
  Brosimum guianense 0.6-w     
  Anemopaegma orbiculatum 0.6-w     
Items in bold were eaten each year.  
Items in green were eaten in three out of four years.  
Items in red were eaten in two out of four years.  
Items listed in regular font were eaten in just one of the four years observed. 

Figure 5. Plant food items comprising ≥1% of the wet season diet of Saguinus oedipus (n = 2,642).
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prime source of energy because of the many polysaccharides 
present.

So, is this gum really a low-quality fallback food?  We 
suggest that the many benefits possibly provided by the inges-
tion of Spondias mombin gum should be taken into account 
when considering its prevalence in the tamarins' diet.  If the 
gum of this tree is to be thought of as a fallback food, it should 
not preclude consideration of its many unrecognized dietary 
and medicinal benefits.

If the protein is incorporated into the indigestible carbo-
hydrate matrix of the gum, fermentation is essential before it 
is available to the animal (Power 1996).  Since these gums are 
water soluble (Leon-De-Pinto et al. 1995), however, fermen-
tation is rapid (Power 2010).  While little calcium is available 
from their insect prey, insects are a good source of phospho-
rus that is otherwise lacking in gum.  Gum may well be a 
significant source of water for the tamarins occupying these 
dry forests. 

Plant gums and some other exudates such as nectar are 
often an important component of the callitrichid diet (Garber 
1980, 1984; Garber and Porter 2010; Smith 2010) and this 
is certainly true of S. oedipus.  Saguinus geoffroyi exploits 
Anacardium excelsum and Spondias mombin as 14.4% of its 
total diet, and in one study they preferred A. excelsum to S. 
mombin (Garber 1980, 1984).  A recent unpublished review 
of data on the diet of S. oedipus in the department of Sucre, 
Colombia  at the Sierra de Coraza – Montes de María Forest 
Reserve, near Colosó, Sucre, (9°29'44"N, 75°21'10"W) (see 
<www.proyectotiti.com/en-us/>, Rizkalla 2000) showed that 
the tamarins ate gums of both A. excelsum and S. mombin, and 
that A. excelsum was preferred over S. mombin for a total gum 
feeding component of 12% of the diet.  Both A. excelsum and 
S. mombin are common trees there (Rizkalla 2000), whereas 
A. excelsum was extremely rare at our study site (Rodríguez 
2001), probably because it is generally found in alluvial soils 
along water courses, a habitat lacking at the dry Hacienda El 
Ceibal forest.

The phytochemistry of A. excelsum has not been well 
studied.  It is usually characterized as non-medicinal, but 
preparations of leaf and stem extracts have been used 
by humans as an anti-diarrheic and against stomach pain.  
Extracts of the fruits of the closely related, cultivated Anacar-
dium occidentale (cashew) are used as an anti-diarrheic, and 
to treat dermatitis and headache, and extracts from its bark 
have been shown to have a wide spectrum of antibacterial 
activity (Akinpelu 2001).  In addition, small but significant 
amounts of glucose have been found in A. occidentale gums, 
which if true for A. excelsum, might explain why A. excel-
sum is preferred to S. mombin when both species are available 
(Anderson et al. 1974; Rizkalla 2000).

In our study, S. mombin was by far the main source of 
gum for S. oedipus—about 14% of the diet.  A survey in the 
area used by the five groups of S. oedipus showed a density 
of S. mombin of about 22 adult trees/ha but A. excelsum was 
rare (Rodríguez 2001).  We did not observe S. oedipus eating 
A. excelsum gum.

Exudate-eating by Geoffroy’s tamarin, Saguinus geof-
froyi, in Panama, was found to be limited to the rainy season, 
from May to July (Garber 1984).  In our study, S. oedipus fed 
on S. mombin gum throughout the year, with a slight increase 
during the dry season.  This may be key to the survival of 
this primate in forest fragments that have a limited variety of 
food trees and very limited or a total lack of water during the 
dry season.  Given its importance as a source of fruit, gum, 
and probably water, the destruction of S. mombin trees in S. 
oedipus habitat could seriously affect this highly threatened 
primate. 

The consumption of fruits and flowers by S. oedipus in 
the Montes de María Reserve was comparable to that in our 
study in Bolívar (Rizkalla 2000).  Nectar was also a highly 
important food source for the cotton-tops of our study during 
the dry season, and might be important too as a source of 
liquid water.  Combretum fruticosum, a vine appreciated by 
many neotropical primates, was the principal source of nectar, 
as it was in Montes de María Reserve (Garber 1984; Rizkalla 
2000; Heymann 2011).

A comparison of the top 10 food items in the diet of the 
monkeys at El Ceibal, Bolívar, shows very little between-year 
overlap in species or genera (Table 2).  Dietary overlap from 
year to year at El Ceibal was also small (see the Appendix).  
During all years, a large portion of the plant species were vis-
ited only very occasionally, and the list in the Appendix shows 
that just a few species made up the bulk of the tamarins’diet.  
Over the entire four-year period, only 19.8% of the 85 plant 
species represented 1% or more of the diet.

Perhaps the use of S. mombin during the rainy season as 
well as during the dry season by our tamarin groups is an 
indication of an overall relative scarcity of food sources in 
the El Ceibal forest.  Some Saguinus feed on gums during 
the rainy season (S. geoffroyi), others (Saguinus imperator 
and L. fuscicollis) during the dry season (Garber 1984; Ter-
borgh 1983; Porter et al. 2009) and in the case of S. oedipus 
during the entire year (Rizkalla 2000; this study).  In Montes 
de Maria, Rizkalla (2000) also found a tendency for S. oedi-
pus to increase gum consumption when the fruit offering was 
low, but her study animals also ate gum year-round.  Climatic 
variability, particularly rainfall seasonality, may be the most 
significant variable affecting the abundance of the Critically 
Endangered S. oedipus in northern Colombia.  The dry season 
creates a resource bottleneck for fruits that is supplemented 
mostly by gums and nectar.  Perhaps the absence of the pre-
ferred gum of A. excelsum in this forest and consumption of S. 
mombin during the entire year, might also suggest an impov-
erished habitat, since we know from the Montes de María 
forest reserve that Anacardium is preferred to Spondias by 
this primate (from unpublished Rizkalla 2000).

Predicted increases in seasonality due to global cli-
mate change could result in significant declines in primates 
(Wiederholt and Post 2010).  Increasing climatic seasonality 
because of global climate change could be prejudicial to the 
survival of this primate in northern Colombia, not only as 
a result of increasingly extreme conditions but also due to 
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the increased risk of fire during the dry season (Janzen 1988; 
Otterstrom and Schwartz 2006; Running 2006; Bowman et 
al. 2009; Brodie et al. 2011; Wich and Marshall 2016).  We 
have observed that the frequent grassland fires during the dry 
season in the Colombian llanos extend many meters into the 
forest fragments 

Whether our findings on the diet of the cotton-top tama-
rins in a small forest patch reflects at all the diet in larger areas 
of tropical dry forest is now impossible to answer given the 
extensive forest destruction and fragmentation that has taken 
place throughout its range in this type of forest.  It is still pos-
sible, however, to investigate the species in more continuous 
moist forest in the southern part of its range, and this might 
now be possible, given the recent peace agreements signed 
between the Colombian government and the FARC guerillas.
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Appendix 

Food items consumed by Saguinus oedipus at the Hacienda El Ceibal during the years 2000−2003; number frequency; (total percentage 
of diet). 

Family Common Name Scientific Name 
Item eaten* - Frequency 
observed 
(% frequency/total) 

Acanthaceae Palo de agua Bravaisia integerrima G – 1 (0.024) 

Annonaceae Guanabana matimba, Gallina gorda Annona purpurea N – 1 (0.024) 
Yaya roja Oxandra sp. F – 1 (0.024) 

Apocynaceae Tomatillo Thevetia ahouai F – 1 (0.024) 
Venenito Rauvolfia ligustrina F – 1 (0.024) 

Arecaceae Palma amarga Sabal mauritiiformis F(S) – 5 (0.12) 
Matamba Desmoncus orthacanthos F(S) – 2 (0.05) 

Amaranthaceae Pintabollo Chamissoa altissima F – 30 (0.71) 

Anacardiaceae Hobo, Jobo Spondias mombin F – 378 (8.9) 
G – 614 (14.4) 

Bignoniaceae 

Bejuco Uñita Macfadyena unguis-cati N – 1 (0.024) 
Bejuco calabacilla Arrabidaea conjugata NF(S) – 1 (0.024) 
Bejuco canastilla Pithecoctenium crucigerum N(S) – 1(0.024) 
Bejuco colorao Martinella  obovate N – 3 (0.07) 
Bejuco de bacota Anemopaegma orbiculatum N – 25 (0.59) 

Bombacaceae Ceiba bonga Ceiba pentandra G – 6 (0.14) 
Ceiba colorada Pachira quinata Fl – 5 (0.12) 

Boraginaceae Vita, Uvito, Uvero Cordia dentata SF – 54 (1.3) 
Arato o Muñeco Cordia lucidula SF – 151 (3.6)  

Burseraceae Almacigo, Indio en cuero, Resbalamono Bursera simaruba FG – 19 (0.45) 

Capparaceae 
Sin Cogollo, Contra prieta Capparis baduca F(S) – 20 (0.47) 
Naranjuelo o naranjito Crateva tapia F(S) – 183 (4.3) 
Olivo Capparis indica F(S) – 20 (0.47) 

Cactaceae Pitahaya Acanthocereus pitajaya  F(S) – 4 (0.1) 
Celastraceae Corocito Maytenus longipes F(S) – 33 (0.8) 

Combretaceae 
Chupa-chupa Combretum fruticosum N – 566 (13.3) 
Mangle blanco Lagunclaria racemosa F – 7 (0.16) 

Cucurbitaceae Balsamina Momordica charantia F(S) – 1 (0.024) 
Euphorbiaceae Ceiba de leche, Ceiba blanca Hura crepitans Fl – 9(0.21) 
Ebenaceae Juan de dios Diospyros inconstans F(S) – 112 (2.6) 
Elaeocarpaceae Niguito Muntingia calabura F – 1 (0.024)  
Fabaceae- 
Caesalpinioideae Cañandonga Cassia grandis G – 1 (0.024)  

Fabaceae-
Mimosoideae 

Campano Samanea saman G – 31 (0.73) 
Guamito o Guamita Inga hayesii F(S) – 22 (0.52) 
Zarza, Bejuco zarza Acacia affinis G – 50 (1.2) 
Guamo arroyero Zygia inaequalis G,S – 1 (0.024) 
Orejero Enterolobium cyclocarpum G – 23 (0.54) 
Guacamayo Albizia niopoides G – 145 (3.4) 

Fabaceae- 
Fabiodeae 

Arara Swartzia simplex F(S) – 1 (0.024) 
Bejuco Majagua de gallina Lonchocarpus cf. pictus G – 1 (0.024) 

Flacourtiaceae 
Vara de Piedra de Humo Casearia corymbosa  F(S) – 1 (0.024) 
Puerco espín Mayna grandifolia F(S) – 64 (1.5) 
Carita de santo (erizo) Xylosma intermedium F – 1 (0.024) 

Hippocrateaceae Bejuco corralero Hippocratea cf. volubile 
(according to www.proyectotiti.com) G – 1(0.024) 

Lecythidaceae Coca de mico, Coca de mono, Cocuelo Lecythis minor G – 4 (0.09) 
Leguminosae Tiribuchi o Carne Fresca Pithecellobium lanceolatum F(S) – 12(0.28) 
Loganiaceae Bejuco alambre Styichnos tarapotensis F(S) – 150(3.5) 
Loranthaceae Cagadita de pájaro Phthirusa retroflexa    F – 15(0.35) 
Malpighiaceae Cereza Malpighia punicifolia F – 1(0.024) 

Meliaceae 
Vara de piedra Trichilia martiana F(S) – 7(0.16) 
Hobo Verde Trichilia hirta F – 1(0.024) 
Negrito Trichilia acuminate F(S) – 7 7(1.8) 

Malvaceae Quesito Malvaviscus arboreus F – 2(0.05) 



Diet of Saguinus oedipus

79

2	  
	  

Quesito Cavanillesia platanifolia F – 2 (0.05) 

Menispermaceae Nigua de Puerco Cissamjelos pareira 
(or Odontocarya tamoides) F – 17 (0.4) 

Moraceae 
Guaimaro macho Brosimum guianense F(S) – 12 (0.28) 
Mora Maclura tinctoria F, G – 238 (5.6) 
Pimpinillo Sorocea sprucei F – 22 (0.52) 

Myrsinaceae Patica de paloma Stylogyne turbacensis F – 11 (0.26) 
Myrtaceae Escobillo Eugenia acapulcensis F – 211 (5.0) 
Nyctaginaceae Buche sapo Neea nigricans F(S) – 1 (0.024) 
Phytolaccaceae Bejuco de burro Trichostigma octandrum F(S) – 69 (1.6) 
Piperaceae Cordoncillo, Piper Piper aduncum F – 28 (0.66) 

Polygonaceae Uvita roja Coccoloba caracasana 
(or Cavanillesia platanifolia) F – 3 (0.07) 

Rubiaceae 

Jagua Genipa americana F – 2 (0.05) 
Aji de monte Psychotria carthagenensis F – 1 (0.024) 
Guayabo, Guayabo macho Calycophyllum candidissimum  F – 1 (0.024) 
Maria angola Randia formosa F(S) – 18 (0.42) 
Yaya de cajon Alibertia edulis F(S) – 4 (0.09) 
Maria angola de espina Randia armata F(S) – 11 (0.26) 
Maretiro Antirhea trichanthera F – 35 (0.82)  

Bola de tití Rondelelia purieii 
(according to www.proyectotití.com) F - 1 (0.024) 

Santalaceae Yaya de sangre Acanthosyris colombiana F – 1 (0.024) 

Sapindaceae 

Mamon de Maria, Mamon de mico Talisia olivaeformis F(S), G – 4 (0.09) 
Mamon Melicoccus bijugatus A – 1 (0.024) 
Carne asada Paullinia pinnata F(S) – 1 (0.024) 
Crispeta Allophylus sp. F – 35 (0.82) 
Ojo de perdiz Paullinia cururu F(S) – 100(2.4) 
Jaboncillo Sapindus saponaria G – 1 (0.024) 
Guacharaco Matayba scrobiculata F(S) – 42 (0.99) 

Sapotaceae Guayacán de Bola Sideroxylum persimilis 
(=Bumelia persimilis) F(S) – 15 (0.35) 

Nispero de monte  Pouteria durlandii F – 1 (0.024) 
Solanaceae Uña de gato Solanum enoplacalix F – 19 (0.45) 
Sterculiaceae Guasimo Guazuma ulmifolia F,G,M – 22 (0.52) 
Ulmaceae Bejuco Maíz tostado Celtis iguaneus F(S) – 9 (0.21) 
Urticaceae Pringamosa arborea Urera baccifera F – 1 (0.024) 
Verbenaceae Aceituno Vitex compresa F – 8 (0.19) 
 Hongo blanco Indeterminado Hongo – 54 (1.3) 
 Insects  Insects – 380 (8.9) 
 Frogs  Frogs – 3 (0.07) 
*Items eaten: type of food, Fl= flower; F= fruit; N=nectar; S= seed (counted as fruit, but eaten mainly for the seeds); G= gum; A=aril; 
M= mucilage; 4251 frequencies 
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