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Arthropofauna consumed by the Andean night monkey (Aotus
lemurinus) in a forest fragment at the Cordillera Central Colombia
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Arthropods are important food for primates such as night monkeys (Aotus spp.) because they provide easily digestible protein and fat.
However, the record of their consumption has been underestimated due to the opportunistic nature of their capture and difficulties in iden-
tification. We describe arthropod consumption by a group of Andean night monkeys (Aotus lemurinus) in a fragmented forest in Colombia.
Between March and June 2016, we collected scat samples from nocturnal monitoring and visits to the resting site from a group of 4 individuals
of the Andean night monkey. We preserved the samples in 96 % alcohol and subsequently visualized them under a stereoscope. The scats
were inspected for arthropod fragments that were later determined at the taxonomic level of order and family. In 12 of the 15 scats analyzed,
we found 48 arthropod fragments, among which we classified 38 at the order level and 16 at the family level. In total, we identified 7 arthropod
orders (6 insects and 1 arachnid) and 9 insect families (5 Coleoptera, 3 Hemiptera and 1 Hymenoptera). The orders with the highest number of
fragments in the scats were Coleoptera (21), Hemiptera (5) and Orthoptera (5) and the families were Elateridae and Curculionidae with 5 and 4
numbers of fragments, respectively. We report for the first time the consumption of the order Isoptera, as well as 2 new families of Hemiptera
(i.e., Coreidae and Pentatomidae) and 5 families of Coleoptera (i.e., Chrysomelidae, Coccinellidae, Curculionidae, Elateridae and Staphylinidae)
in the diet of night monkeys (Aotus spp.). The large number of beetle fragments in the scats of Andean night monkeys could be due to the
chitinous composition of their exoskeletons that makes them difficult to degrade. This study provides novel information on the variety of
arthropods consumed by the Andean night monkey and compiles all the information on the consumption of this item for the entire genus.
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Los artrépodos son alimento importante para primates como los monos nocturnos (Aotus spp.) debido a que proveen proteinas y grasas
faciles de digerir. No obstante, el registro de su consumo ha sido subestimado por la naturaleza oportunista de su captura y por las dificultades
en la identificacién. Describimos el consumo de artrépodos por parte de un grupo del mono nocturno andino en un bosque fragmentado de
Colombia. Entre marzo y junio de 2016, recogimos muestras fecales a partir de seguimientos nocturnos y visitas al dormidero de un grupo de
4 individuos del mono nocturno andino (Aotus spp.). Preservamos las muestras en alcohol al 96 % y posteriormente las visualizamos a partir
de un estereoscopio. Se inspeccionaron las heces en busqueda de fragmentos de artrépodos que posteriormente fueron determinados a nivel
taxondmico de orden y familia. En 12 de las 15 heces analizadas encontramos 48 fragmentos de artrépodos, de los cuales se clasificaron 38 a
nivel de orden y 16 a nivel de familia. En total, identificamos 7 érdenes de artropodos (6 insectos y 1 aracnido) y 9 familias de insectos (5 Co-
leoptera, 3 Hemiptera y 1 Hymenopera). Los 6rdenes con mayor cantidad de fragmentos en las heces fueron Coleoptera (21), Hemiptera (5) y
Orthoptera (5) y las familias mas frecuentes fueron Elateridae y Curculionidae con 5 y 4 fragmentos, respectivamente. Reportamos por primera
vez el consumo del orden Isoptera, asi como 2 nuevas familias de Hemiptera (i.e., Coreidae and Pentatomidae) y 5 familias de Coleoptera (i.e.,
Chrysomelidae, Coccinellidae, Curculionidae, Elateridae y Staphylinidae) en la dieta de los monos nocturnos (Aotus spp.). La gran cantidad de
fragmentos de escarabajos en las heces del mono nocturno andino podria ser debido a la composicién quitinosa de sus exoesqueletos que los
hace dificil de degradar. Este estudio aporta informacién novedosa sobre la variedad de artrépodos consumidos por el mono nocturno andino
y recopila toda la informacién sobre el consumo de este item para todo el género.

Palabras clave: Coleoptera; heces; Isoptera; quitina.
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Primates must select a diverse array of feeding items in  and proteins can be challenging, and primates must bal-
order to fulfil their energetic and nutritional requirements  ance the consumption of different feeding sources based
(Felton et al. 2009). Obtaining nutrients such as sugars, fats  on their preferences and habitat-wide availability (Felton
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et al. 2009). In particular, fruits are important sources of
sugars and carbohydrates, while leaves and insects provide
proteins not readily available in fruits. Arthropods are one
of the most important feeding items of small and medium-
bodied primates, partly because they provide proteins
and fats easier to absorb compared to traditional foods
such as fruits and leaves (Rothman et al. 2014; Bryer et al.
2015). Nonetheless, the systematic recording of feeding on
arthropods might be underestimated due to the opportu-
nistic nature of capturing them and the difficulties associ-
ated with identifying arthropod prey in arboreal primates
(Pickett et al. 2012).

The diet of night monkeys (Aotus spp.) has been
recorded for several species of this broadly distributed pri-
mate genus. Night monkeys rely on ripe and fleshy fruits,
and complement their diet with flowers, leaves and arthro-
pods (Puertas et al. 1992; Fernandez-Dugue 2007; Wolov-
ich et al. 2010; Guzman et al. 2016; Bustamante-Manrique
etal. 2021; Montilla et al. 2021) and occasionally with small
vertebrates and bird eggs (Puertas et al. 1992). Studies on
night monkeys living both in the field and in captivity have
recorded a few arthropod orders in their diet. For example,
in a study on Aotus azarae, they were observed preying
on Hemipterans (Fernandez-Duque 2007), while A. nigri-
ceps has been observed eating several arthropods orders
including Araneae, Coleoptera, Hymenoptera, Lepidoptera
and Orthoptera (Wright 1985, 1986). In captivity, A. nancy-
maae was recorded eating both flying and crawling insects
(Blattodea, Coleoptera, Diptera and Lepidoptera) as well as
spiders (Araneae) and millipedes (Diplopoda; Wolovich et
al. 2010). Castafo et al. (2010) observed A. lemurinus con-
suming arthropods of the orders Araneae, Hemiptera and
Lepidoptera, and Grajales-Suaza et al. (2021) recorded the
consumption of beetles (Coleoptera) of the genus Phylloph-
aga. Although most authors who have described the diet
of night monkeys have reported arthropod consumption
(Wright 1986; Arditi 1992; Puertas et al. 1992; Castano et al.
2010; Wolovich et al. 2010, Guzman et al. 2016; Bustamante-
Manrique et al. 2021; Montilla et al. 2021), none have been
able to establish quantitative estimates of this item within
the diet (Fernandez-Duque 2007) mainly because of the
challenges imposed by the nocturnal and arboreal nature
of these primates, which makes it difficult to determine the
arthropods consumed.

The Andean night monkey (Aotus lemurinus) is distrib-
uted in the Andes mountains of Colombia, Ecuador, and
Venezuela between 1,000 and 3,200 m (Link et al. 2021).
It has been recorded in primary and secondary forests, as
well as in small degraded forest fragments, coffee planta-
tions and forests immersed within urban areas (Castafo et
al. 2010; Defler 2010; Montilla et al. 2017). Currently, this
species is considered as Vulnerable according to the Inter-
national Union for Conservation of Nature (IUCN), due to
habitat loss and forest fragmentation, mainly as a result of
agricultural and illicit crops expansion (Link et al. 2021). In
the last decade, the diet of A. lemurinus has been described
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by Castaio et al. (2010), Guzman et al. (2016), Bustamante-
Manrigue et al. (2021) and Montilla et al. (2021) who have
recorded that they spend approximately between 12 % of
their feeding time foraging and eating arthropods. How-
ever, none of these previous studies has provided a detailed
account of arthropods consumed by night monkeys. Here,
we describe the consumption of arthropods by the Andean
night monkey in a fragmented forest of the Andes Central
Cordillera of Colombia, providing novel information on
their dietary habits.

This study was carried out in a fragmented forest known
as Bosque de Las Martejas located at El Billar farm, in the
municipality of Pijao, Quindio, Colombia (4° 19' 58" N, 75°
42' 39" W; 1,750-1,800 m). This forest which extends over
approximately 6 ha is immersed in a complex mosaic of
small forest fragments and banana, coffee, and avocado
plantations. The forest canopy has a height of approxi-
mately 25 m and retains the typical characteristics of an
Andean forest with large trees such as the genus Poulsenia
and Ficus as well as pioneer trees of the genus Cecropia and
Miconia. Within the forest, there are also several groupings
of bamboo (Guadua angustifolia) that cover approximately
10 % of the entire fragment. Between March and June 2016,
we collected scat samples from a single group of Andean
night monkeys consisting of 4 individuals (i.e., an adult
male, an adult female and a subadult and a juvenile, both
of undetermined sex). Scats were obtained from nocturnal
monitoring of the group of monkeys, or directly at their rest-
ing sites (Figure 1). For nocturnal monitoring, we followed
the night monkeys at least once a week during the entire
sampling period, taking advantage of the hours of great-
est activity proposed for these primates (i.e., between 18:00
and 21:00 hr and between 03:00 and 06:00 hr; Castano et
al. 2010) and when weather conditions permitted. Samples
were collected and preserved in 2 mL Eppendorf tubes with
96 % alcohol. Subsequently, we inspected all the fragments
from the samples under the stereoscope (Zeiss Stemi dv4)
in the laboratory of Universidad del Quindio and used the
field guide of Snodgrass (1993) to identify arthropods con-
tained in each sample to the highest taxonomic category.

Overall, we analyzed 15 scat samples, from which we
found arthropod fragments in 12 of them. Based on the
visual inspection of scat samples, we were able to identify
48 arthropod body parts (e.g., legs, wings, antennae, exo-
skeletons), and taxonomically classify 38 of them at the
order level and 16 at the family level.

We identified 7 orders of arthropods (6 insects and 1
arachnid) in Andean night monkey scat samples. We report
for the first time the consumption of termites (order Isop-
tera), in the feeding ecology of night monkeys (Aotus spp.;
Table 1; Figure 2a). The order with the highest number of
fragments in the scats was Coleoptera (43.8 %), followed
by Hemiptera (10.4 %) and Orthoptera (10.4 %). We found
9 different insect families (5 Coleoptera, 3 Hemiptera and
1 Hymenoptera) in the diet of the Andean night monkey
(Table 2). The beetles'families Elateridae and Curculionidae



Figure 1. Andean night monkey, Aotus lemurinus, defecating at Bosque de Las Mar-
tejas of Pijao, Colombia.

(Figure 2b-c) had the highest number of fragments with
10.4 % and 8.3 %, respectively. The remaining orders and
families were represented in less than 8 % of the fragments
found in the samples.

The results of this study highlight how Andean night
monkeys include a wide variety of arthropods in their diet.
Despite our small sample size of scats, we detected the con-
sumption of at least 7 arthropod orders and 9 families. Six
of the arthropod orders recorded in our study have been
also reported in the diet of night monkeys, including the
Andean night monkey (Wright 1986, 1994; Fernandez-

Montilla etal.

Duque 2007; Castafo et al. 2010; Wolovich et al. 2010;
Bustamante-Manrique et al. 2021; Grajales-Suaza et al.
2021; Montilla et al. 2021). Earlier studies have documented
the consumption of cycads (Hemiptera), which belong to
the family Cicadellidae (Fernandez-Duque 2007; Castafio
et al. 2010) and other studies report the consumption of
beetles of the genus Phyllophaga, which belong to the fam-
ily Scarabaeidae (Coleoptera; Grajales-Suaza et al. 2021) as
well as ants of the family Formicidae (Hymenoptera; Wright
1985, 1994). In our study, we detected the consumption of
Cicadellidae insects and added 2 new families of Hemiptera
(i.e., Coreidae and Pentatomidae) and 5 families of Cole-
optera (i.e., Chrysomelidae, Coccinellidae, Curculionidae,
Elateridae and Staphylinidae) in the diet of Andean night
monkeys. Itis likely that the number of families and orders
of arthropods consumed by Andean night monkeys and
other night monkey species will increase from studies that
include longer time series, ideally a year as well as a larger
number of night monkey groups that inhabit forests with
different degrees of anthropogenic impact.

Although Coleopterans are the most abundant insects
in our samples, the high number of fragments found in the
scats of the Andean night monkey may be a biased result
inherent to the roughness and challenge to degrade their
exoskeleton (Lambert 1998). Among insects, beetles are
one of the groups that have more chitin in their exoskel-
etons, a very difficult compound to degrade that would
require longer retention times in order to facilitate micro-
bial fermentation and break down of this polysaccharide
(Lambert 1998; Janiak 2018). The composition of the exo-
skeleton of these arthropods could explain why so many
fragments remain intact after passing through the gastro-
intestinal tract of Andean night monkeys (Zeale et al. 2010).
Indeed, based on observations in the scats of another noc-
turnal primate species in Madagascar (Cheirogaleus medius),
it was evidenced the preference for the consumption of the
order Coleoptera (Hladik et al. 1980); however, when per-
forming DNA metabarcoding analysis, they found up to
32 different families that had not been found before in the
scats (Rowe et al. 2021). Additionally, it has been suggested
that the order Coleoptera has the highest abundances at
ground level compared to the middle and upper canopy

Table 1. Comparison of the orders of arthropods consumed by night monkey species, Aotus spp.

Species

Order of Arthropods A. azarae A. nigriceps A.nancymae A.lemurinus A. lemurinus A. lemurinus
(Fernandez-Duque 2007) (Wright 1985, 1986) (Wolovich et al. 2010) (Castafio etal. 2010)  (Grajales-Suaza et al. 2021) (This study)
Araneae X X X X
Blattodea X
Coleoptera X X X X
Diptera X
Diplopoda X
Hemiptera X X
Hymenoptera X
Isoptera
Lepidoptera X X
Orthoptera X
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Figure 2. Fragments of arthropods found in the scats of the Andean night monkeys, Aotus lemurinus. a) Isoptera (the moniliform antennae are typical of terminate), b) Elateridae

(Coleoptera), and c) Curculionidae (Coleoptera).

in tropical forests (Sutton and Hudson 1980; Sutton et al.
1983; de Souza et al. 2022), so that consumption of large
amounts of beetles is unlikely because night monkeys for-
age mainly in a middle stratum (Wright 1994). Further, few
studies have attempted to study the influence of arthropod
availability in the canopy on the diet of primate species
(Bryer et al. 2015; Fonseca et al. 2019); however, future stud-
ies should include these different approaches that improve
our understanding of the feeding ecology and dietary pref-
erences of primate species.

A similar pattern of detection bias in scats could occur
with the order Hemiptera, which together with the order
Orthoptera, ranked second in the number of fragments
found in Andean night monkey scats. In this sense, it has
been suggested that the order Hemiptera may also be
more easily detected in scats (Zeale et al. 2010). However,
this order may have a high abundance at upper canopy lev-
els in tropical forests (de Souza et al. 2022) where Andean
night monkeys move frequently during the night (Wright
1994). Despite the possible bias of higher detection of the
order Coleoptera and Hemiptera in the scats of the Andean
night monkey, these orders have been frequently recorded
in the diet of different species of night monkeys including
the Andean night monkey from field observations (Wright
1985; Fernandez-Duque 2007; Castafo et al. 2010; Grajales-
Suaza et al. 2021).

Studies on the Andean night monkey have shown that
it is mainly frugivorous, but they complement their diet
with arthropods being the second most important dietary
element for this species (Castano et al. 2010; Montilla et al.
2021). The benefits of including arthropods in their diet are
very high; because insects have a high protein and fat con-
tent compared to other sources such as leaves (Rothman et
al. 2014; Bryer et al. 2015). It is important to note that these
benefits could be reflected only if the consumption of arthro-
pods is higher due to their small size of them. In A. azarae
it has been suggested that nutritional levels obtained from
the number of insects consumed could influence the repro-
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ductive seasonality (Fernandez-Duque et al. 2002; Rothman
etal. 2014). However, the availability of arthropods can vary
among different forest types, influencing the foraging strat-
egies that the monkeys must use in order to find and eat this
resource (Fernandez-Duque 2007; Fernandez-Duque et dl.
2008; Fonseca et al. 2019). This could explain the differences
in arthropod consumption by the Andean night monkey in
different forest types such as coffee agroecosystems and
rural-urban forests (Guzman et al. 2016; Bustamante-Man-
rigue et al. 2021) as well as in fragmented forests (Castafio et
al. 2010; Montilla et al. 2021).

In conclusion, this study provides novel information on
the variety of arthropods consumed by the Andean night
monkey, among which we highlight the orders Coleop-
tera, Hemiptera and Orthoptera. Our results suggest that
perhaps the variety of insects and arachnids this primate

Table 2. Percentage of arthropod fragments (orders and families) found in the scats
of a group of Andean night monkeys, Aotus lemurinus, in the Bosque de Las Martejas of
Pijao, Colombia. *Indicates new records of orders and families for night monkeys.

Percentage of Percentage of

Order fragments in scats (%) Family frigczlsz;:)m
Araneae 2.1
Chrysomelidae* 2.1
Coccinellidae* 2.1
Coleoptera 43.8 Curculionidae* 8.3
Elateridae* 104
Staphylinidae* 2.1
Diptera 4.2
Cicadellidae 2.1
Hemiptera 104 Coreidae* 2.1
Pentatomidae* 2.1
Hymenoptera 2.1 Formicidae 2.1
Isoptera* 6.3
Orthoptera 10.4
Undetermined orders 20.8 Undetermined 66.7
Total 100 Total 100




includes in its diet could be higher if future studies include
techniques like DNA metabarcoding that can detect the
remains of DNA of soft-bodied organisms such as larvae,
spiders, flies and even ectoparasites like acari that are
not possible to find in the scat samples. We highlight the
importance of insects in the diet of Andean night monkeys,
as it is the second most important item in their diet. This
raises important questions in the feeding ecology of this
species as for example we still do not know how arthropod
availability over time and the disturbance of their habitat
might influence foraging, or if this primate species has
an ecological role in controlling insect populations in the
canopy, vital information to understand their role and con-
servation importance in the ecosystems. Finally, another
relevant finding was that by comparing all the information
published so far on the consumption of different orders
of arthropods by night monkey species, we were able to
report the first time the consumption of insects like ter-
mites (order Isoptera) by this group of neotropical primates.
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