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Abstract Craniomandibular variation characterizes the five species of Asian slow 
loris (Nycticebus), but until now, few ecological studies have been available to 
understand the factors that underpin it. Here, we review feeding ecology of Asian 
lorises and African pottos, with emphasis on the importance of exudate feeding, 
including several new studies. We then present novel data on this behavior based 
on a 10-week study of N. coucang at Pusat Penyelamatan Satwa Rescue Center, 
Lampung, Sumatra, Indonesia. Lorises and pottos range in body size from 100 g 
(Loris tardigradus) to more than 2 kg (N. bengalensis). Three of the smallest spe-
cies (Arctocebus calabarensis, A. aureus, L. tardigradus) rely mainly on insects 
and small invertebrates as dietary staples. Although Perodicticus is known to eat 
gum only from already open wounds, active gouging of bark to extract exudates or 
consumption of plant sap has now been observed in all other lorises. Five species 
(P. potto, N. coucang, N. bengalensis, N. javanicus, N. pygmaeus) rely on exudates 
as a key food source. Although at all field sites, exudates are eaten all year round, 
at some, they become a key resource in times of food scarcity. Exudates have been 
extracted from 14 different plant families; Fabaceae is possibly the most important, 
currently consumed by all exudativorous species. Despite the lack of keeled nails, 
gouging behavior of lorises closely resembles that of marmosets and fork-marked 
lemurs, and involves active breaking of the plant surface; the audible nature of this 
behavior, as well as the characteristic marks left behind, makes it useful for deter-
mining the presence of Nycticebus in a forest. The captive lorises in our study also 
gouged regularly, recorded 2.9 times per hour for both adults and juveniles. Urine 
and facial markings accompanied the majority of gouges, a behavior recorded 
before only for marmosets. The functions of this behavior as a resource sharing 
strategy are explored. The importance of providing opportunity for gouging for 
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captive lorises is also discussed, as a way to mitigate the periodontal diseases, 
which plague Nycticebus in captivity. We conclude by discussing the importance of 
a better understanding of this relatively unique behavior to improve our knowledge 
of morphological correlates to loris taxonomy and ecology, and captive manage-
ment via dietary changes and enrichment.

Introduction

Asian slow lorises (Lorisidae: Nycticebus) range from Northern India to the 
Philippines, occurring in a multitude of habitat types from 0 to 4,000 m above sea 
level. With a basal metabolic rate lower than 60% of the predicted value (Müller 
et al. 1985), cryptic behavior of these nocturnal primates has precluded their study. 
Until recently, large variance in body size (265–2,200 g) (Table 8.1) was explained 
because of clinal variation (Osman Hill 1953; Ravosa 1998). However, several 
characters of the craniomandibular complex indicated ecological or genetic expla-
nations for variation within Nycticebus (Schwartz and Beutel 1995; Ravosa 1998). 
Diet, in particular, is predicted to vary, with large Bengal slow lorises having a 
tougher diet requiring more repetitive loading (i.e., more folivorous), and smaller 
pygmy and Bornean lorises consuming more insects (Ravosa 1998). Genetic and 
gross morphological studies have now shown that Nycticebus comprises at least 
five species (Roos 2003; Nekaris and Jaffe 2007). Several characteristics with a 
genetic basis, such as the persistent absence of I2 in N. menagensis, further support 
these divisions (Schwartz and Beutel 1995; Groves and Maryanto 2008).

Until now, however, field studies have been lacking that could shed light on how 
dietary adaptations among Nycticebus might affect the masticatory complex. Slow 
loris diet has been said to resemble that of the mainly frugivorous African pottos 
(Perodicticus) (Charles-Dominique 1977; Fitch-Snyder et al. 2001), a genus that 
ranges in size from 800 g, larger than the largest slow loris species, to 1,500 g, larger 
than the smallest Nycticebus (Nekaris and Bearder 2007). This suggestion has been in 
part substantiated by limited field observations of N. coucang by Barrett (1984), who 
found the slow loris to be relatively omnivorous, consuming fruits, flowers, inverte-
brates, and gum. The key role of this latter food item to Nycticebus is becoming evident 
(Tan and Drake 2001; Wiens et al. 2006; Streicher et al. in review). Indeed, Wiens et al. 
(2006) mention that toxic and/or digestion inhibiting secondary compounds found in 
exudates might be related to the evolution of slow life history in lorises.

Here, we review the use of exudates by slow lorises as revealed by several new field 
studies, and compare these data to studies of the closely related slender lorises, angwan-
tibos, and pottos. We address several questions. Is there a relationship between body size 
and exudativory? Is any single exudate source important across sites? Is there any pattern 
in what species of exudates are processed and how? We then present novel data on exu-
dativory from a captive study of wild slow lorises (N. coucang) recently confiscated from 
the wildlife trade. We assimilate these data to ascertain the importance of exudativory to 
the comparative ecology, morphology, and captive management of slow lorises.
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Methods

We follow the taxonomy of Nekaris and Bearder (2007), and explanatory  references 
therein, throughout this study. For the overview of exudativory, we compiled data 
from all available reports on loris and potto behavior in the wild and through per-
sonal communication with individuals actively engaged in field studies. Gums and 
saps are included in our definition of exudates. Gums are a group of amorphous, 
water soluble, acidic polysaccharides that usually form a hard substance over the 
wounds in plants. Gums are typically obtainable from the surface of a plant, but 
excavation may be required to induce gum flow. Saps are juices and circulating 
fluids in plants; although excavation may be necessary to reach saps, they do not 
form a hard surface (Bearder and Martin 1980).

For the captive study, we collected data from 2 April to 17 June 2007 at Pusat 
Penyelamatan Satwa (PPS) Rescue Center, Lampung, Sumatra. Included in the 
study were 12 N. coucang (two lactating adult females, ten unweaned juveniles), all 
recently rescued from the pet trade. The lorises were all from Sumatra, and were 
confiscated as a group from a village just outside a forest near Lampung; the hunters 
claimed that the lorises were all from the same forest. The lorises had been in cap-
tivity at the center for 2 weeks. Animals were socially housed in an outdoor enclosure 
measuring 2 × 2 × 2 m. We were required to adhere to caging structure implemented 
by PPS. Social housing also gave a chance for the unweaned juveniles to suckle on 
the two lactating females (see Collins and Nekaris 2008 for further details). The 
enclosure contained an open floor with natural ground and foliage, and was thickly 
furnished with natural branches at all levels. Observations were recorded nightly 
from 19:00 to 05:00 h, yielding a total of 153 h of behavioral observation. In the 
course of constructing a general activity budget (Collins 2007), we collected all 
occurrences data on diet, with continuous sequence sampling used for gouging 
behavior (Altmann 1974). Data were entered and analyzed using SPSS 14.0. 
Results were analyzed using nonparametric statistical tests with significance set at 
p £ 0.05 (Lehner 1996).

Results

Review of Exudativory in Wild Lorises and Pottos

We had access to data from 12 field studies of slow lorises, three on the closely 
related slender loris, and five on pottos and angwantibos yielding a total of ten 
lorisid species (Table 8.1). Only three species have not yet been observed to con-
sume exudates – the smallest of the slender lorises Loris tardigradus tardigradus 
and both species of Arctocebus. These smaller taxa seem to be primarily insectivo-
rous (Charles-Dominique 1977; Ambrose 1999; Nekaris and Jayewardene 2003). 
In the case of the potto, old gums found in its stomach form a major basis for our 
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8 Comparative Ecology of Exudate Feeding by Lorises (Nycticebus, Loris)

knowledge of its exudate consumption (Kingdon 1974; Charles-Dominique 1977). 
Indeed, in Uganda, 19 stomachs obtained during 7 months held ca. 60% gum and 
ca. 30% insects. Kingdon (1974) suggested that gum is the main food during drier 
periods. Oates (1984) observed a potto licking gum, and on several occasions, 
noted focused searching behavior by pottos on gum bearing trees. No researcher to 
date, however, has observed pottos gouging to stimulate gum flow (Bearder and 
Martin 1980).

Lorises and pottos consume exudates from 14 different families, with gum from 
Fabaceae, the pea family, important for all taxa. Exudate consumption by N.  coucang 
in Malaysia (Wiens et al. 2006) was a-seasonal, contrary to its seasonal use by  
N. pygmaeus in both Vietnam (Streicher et al. in review) and Cambodia (Starr, per-
sonal observation). Studies of N. menagensis in Sabah, Borneo (Nekaris and Munds, 
in press), N. bengalensis in Assam, India (Das 2008) and Thailand (Pliosoengeon and 
Savini 2008), and N. javanicus in Java, Indonesia (Winarti 2008) have not yet been 
conducted over a whole year, although exudate consumption has been observed. Gum 
represented only a small proportion of the diet for L. lydekkerianus lydekkerianus 
(Nekaris and Rasmussen 2003) and for L. l. nordicus (Nekaris, personal observation), 
but no seasonal pattern was evident.

Consumption of saps and gums by lorises shows a similar pattern (Tan and 
Drake 2001; Wiens 2002; Das 2008; Pliosoengeon and Savini 2008; Winarti 2008; 
Nekaris and Starr, personal observation). Lorises consume sap and gum from as 
low as 1 m to as high as 12 m off the ground. When consuming sap, all lorises 
observed perforate the superficial layer of the cambium of trees or lianas by scrap-
ing with their toothcomb. Lapping of the exposed sap with the tongue lasts from a 
few seconds to about 4 min, with intermittent additional breaking of the hard sur-
face. Gum is consumed for a longer period, from 2 to 20 min, and involves active 
gouging with the anterior teeth. In most cases, trees already bore wounds (due to 
larval infestation, prior injury, or fire), although lorises can also gouge into the 
wood to induce gum flow (Streicher 2004; Starr and Nekaris, personal observation). 
By anchoring their upper incisors into the bark or into the solidified gum, lorises 
then scoop up the gum. By this manner, N. pygmaeus can also gouge into bamboo 
to reveal insects, which it then consumes; they also appear to scrape lichens and 
fungus off the surface of old bamboo with their toothcomb (Starr et al. 2008; Starr, 
personal observation). Until now, no loris has been observed to gouge gum with its 
molar teeth. Pygmy lorises in Cambodia, however, remove “icicles” of gum from 
open wounds, and while holding them in one hand, alternately chew on them with 
the posterior teeth and lick them (Starr and Nekaris, personal observation).

Lorises actively search for their gum sources. Head down searching may accom-
pany investigating for sap on branches, or searching along bamboo to find a loca-
tion to gouge for insects. Visible and audible sniffing sometimes accompanies these 
searches. On gum trees without active wounds, pygmy lorises race up and down a 
single trunk, making up to 20 trial holes before feeding (Starr and Nekaris, personal 
observation). Trees with active wounds seem to be known to the animals, which 
will make rapid and directed movement to a feeding site (Starr and Nekaris, per-
sonal observation). When gouging begins, bark breaking can be audible even from 
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a distance of 10 m (Streicher et al. in review). The loris may turn its head from 
side-to-side spitting out bits of bark; this side-to-side movement is often accompa-
nied by scent marking the wound with facial glands. Bits of bark may be consumed 
in this process (Wiens et al. 2006). The even more noisy process of gouging bam-
boo involves a loris anchoring its rear feet against the bamboo and bashing its 
toothcomb into the incredibly hard surface; this behavior also results in shaking of 
the bamboo stand, making it audible for up to 100 m away.

Lorises consume exudates in an orthograde posture (the head can face up or 
down) when they are located on a vertical substrate, but also can stand quadruped-
ally over an exudate source (Wiens 2002; Nekaris and Rasmussen 2003; Streicher 
2004; Starr and Nekaris, personal observation).When licking, the loris does it with 
gusto; its long tongue is easily visible, and licking of the nose and face is intermit-
tent with licking the exudate source. Lorises regularly return to the same gouging 
site over 10 days and weeks, and multiple members of a social group may use the 
same gouging locality (Nekaris and Rasmussen 2003; Streicher 2004; Wiens et al. 
2006). Indeed, in Cambodia, a single gum lick occurred in an area of range overlap 
of two groups of pygmy lorises; up to four lorises were seen at one time using this 
lick (Starr and Nekaris, persoanl observation). Overall, gouging is a very vigorous 
repetitive action and is unmistakable. The marks left on branches, too, are charac-
teristic and may aid field workers in determining loris presence in an area (Tan and 
Drake 2001) (Figs. 8.1 and 8.2). Indeed, there is no relationship between the study 
duration and whether or not gouging has been observed in lorises and pottos, with 
two out of four short studies (less than a year) and three out of six long studies 
reporting gouging (Fisher Exact Probability Test, p < 1.0), suggesting that it is a 
behavior relatively easy to observe.

Captive Sumatran Study

During the first 3 weeks of the study, juvenile N. coucang commonly chewed 
and gouged the timber beams of their enclosure and nest boxes, although no 
exudates could be obtained. We identified the timber as “sengon” (Fabaceae: 
Paraserianthes falcataria), and placed branches of this species throughout the 
enclosure. At this stage, adult females also began to gouge. The leafy branches 
added also contained flower buds, as P. falcataria flowers throughout the year 
(Gutteridge and Shelton 1998). The flowers and leaves were licked or eaten by 
both age classes.

By the end of the study, 441 visual and auditory gouging events had occurred 
(adults = 44, juveniles = 397), with 23 that were auditory only, resulting in a gouging 
rate of 2.9 times per hour. Lorises gouged the timber beams (71%), nest boxes (13%), 
and sengon branches (16%) (Figs. 8.2 and 8.3). Clearly juveniles gouged more than 
adults but interestingly, adults gouged sengon branches significantly more than juve-
niles did (0.2 = 19.98, df = 2, p < 0.001). Gouging episodes ranged from a few seconds 
in duration to 2 min, but median gouging periods were short lasting 11–15 s.  
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Gouging behavior consisted of anchoring the upper incisors into the wood, while 
deeply gouging with the lower anterior teeth. Gouging was  audible, and longer ses-
sions left impressions in the wood of about 2.5 cm diameter, and about 0.6 cm deep. 
The average height at which animals gouged was 1.6 m + sd 0.35.

An unexpected behavior of note was that the majority of gouges (52%) were 
also scent marked by an individual while it chewed, either in the form of facial 
rubbing or urine marking, via depositing urine directly into the gouge. Of 228 
observations of scent marking while gouging, urine marking accompanied 83%, 
significantly more than facial rubbing (c2 = 98.68, df = 1, p < 0.001). Although 
scent marking occurred for both age classes during daily interactions, the major-
ity of marking occurred while gouging the enclosure timber and sengon branches. 
The adults scent marked more than juveniles (66 vs. 57% of observations) when 
gouging, but this difference only showed a trend toward significance.

Fig. 8.1 Examples of branches gouged by N. coucang, showing the typical gnawing pattern for 
this genus (drawing: H. Schulze)
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Fig. 8.2 Gouge mark (indicated by arrows) from which exudates have been consumed by  
N. pygmaeus from a tree in Seima Biodiversity Conservation Area, Cambodia. An adult female 
spent only 30 s producing this 5 × 12 mm hole. Photo: C.R. Starr

Fig. 8.3 Juvenile N. coucang at PPS Rescue Center, Sumatra, standing on a sengon branch  
(P. falcataria) exhibiting several small gouge marks. Photo: A. Navarro-Montes



8 Comparative Ecology of Exudate Feeding by Lorises (Nycticebus, Loris)

Discussion

Tan and Drake (2001) were the first to provide strong evidence that slow lorises 
exhibit gouging behavior specialized to elicit sap or gum flow, and suggested that 
they rely on gum as an important source of nutrients. The specialized behavior of 
using the lower anterior teeth to gouge a hole in bark is rare among primates and 
occurs in only three other genera: Callithrix, Cebuella (Callitrichidae) and Phaner 
(Cheirogaleidae) (Coimbra-Filho and Mittermeier 1978; Petter et al. 1971). Wiens 
(2002) too concluded that Nycticebus belongs to a specialized exudate-feeding 
guild (Nash 1986). The data presented in this paper solidify this view, showing that 
all five species of Nycticebus and one of the two Loris species utilize this resource, 
with some of the taxa relying on exudates as a major food source.

When the soft anatomy of lorises is examined, it is perhaps no surprise that gum 
should play an important role in their diets. As is the case with other exudativorous 
primates, both Nycticebus and Loris are characterized by a long relatively narrow 
tongue, large caecum, and a short duodenum (Kubota and Iwamoto 1966; Osman 
Hill 1953). With all species also showing a propensity to eat insects, this anatomical 
arrangement may be useful in breaking down “structural carbohydrates present in 
both gum and the chitinous exoskeletons of invertebrates (Fleagle 1999, p. 296).” 
A simple stomach complements this arrangement, and may aid in digestion of fruits 
and flowers (Chivers and Hladik 1980). All species of lorises so far lack keeled 
nails. A strong grip when on vertical surfaces combined with consuming exudates 
on more oblique and horizontal branches may reduce the need for this adaptation.

On the basis of field studies conducted so far of African and Asian lorises, exu-
date consumption tends to be more important for the larger-bodied taxa. The potto 
seems to differ from Asian lorises, in that, although it seems to eat appreciable 
quantities of gum, it has never been observed to gouge actively but seems to extract 
gum from already opened wounds (Charles-Dominique 1977; Oates 1984). In a 
more recent study of P. potto edwardsi, it was not seen to eat gum at all, although 
it did extract snails from their shells with its long pointed tongue (Pimley 2002). Its 
exudativory seems to more closely resemble that of Galago, Saguinus, Papio, 
Cercopithecus, and Erythrocebus (Nash 1986). Active gouging is conducted by all 
species of Nycticebus and Loris seen eating gum thus far. In a study of N. coucang 
(probably a mixed sample of N. coucang and N. bengalensis) and N. pygmaeus, 
Schwartz and Beutel (1995) demonstrated that Nycticebus has the deepest mandible 
with the most developed gonial region and the most robust upper canine roots of 
the lorises and pottos. Biting forces that produce a greater magnitude of stress are 
thought to be important for shaping the primate masticatory complex. A deep man-
dible has been implicated in countering bending during heavy incisal biting in some 
primates (Hylander 1985), and may explain this condition in Nycticebus. Williams 
et al. (2001) and Vinyard et al. (2003) arrived at different results, noting that goug-
ing primates have a masticatory complex that permits the mandibular incisors to 
move more vertically when the jaw gapes. The vigorous open-mouthed gouging by 
Nycticebus, creating large holes in a few seconds, accords well with this suggestion. 
Ravosa (1998) described variability of the masticatory complex of Nycticebus and 
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suggested that it was clinal, predicting a variety of different diets for the species. 
Examination of the biomechanical force required by slow lorises to engage in goug-
ing behavior, and comparing this with the extent to which each species relies on 
exudates may lend further scope to the morphological adaptations of the different 
species.

All exudativorous taxa in our study consume exudates from the family Fabaceae, 
although not yet at all sites. For example, although N. bengalensis in both Thailand 
and Assam consume exudates of Combretaceae, Fabaceae consumption has so far 
only been observed for Thai N. bengalensis. We also found a tendency for seasonal 
use of exudates at several of the sites where long-term studies were conducted. 
Fabaceae, the pea family, is widely dispersed throughout Asia; species of this family 
often colonize edges and tree fall zones (Gutteridge and Shelton 1998), a habitat 
said to be preferred by some loris species (Nekaris et al. 2008). Both gum and sap 
from this family may provide a year-round energy source for lorises or an important 
readily-available fallback food source in times of food scarcity (Hladik 1979). The 
exudates consumed by lorises probably contain high amounts of easily digestible 
mono and disaccharides (high concentrations of carbohydrate) and lipids (Bearder 
and Martin 1980; Nash 1986). Gums from Fabaceae also are an important part of 
the diet of other nocturnal primates. Galago senegalensis braccatus preferred 
Acacia gum to other types, particularly to those containing extra tannins (Nash 
1989), and both G. moholi and Otolemur crassicaudatus, whose highly seasonal 
environment resembles that of N. pygmaeus and N. bengalensis, relied almost 
wholly or extensively (respectively) on gum during some periods of the year.

The process by which exudates are consumed is remarkably similar across taxa. 
Although slow lorises lack specialized keeled nails, they are nonetheless capable of 
clinging to a vertical substrate while engaged in gouging for up to 20 min. Like 
marmosets and fork-marked lemurs, lorises remain focused on gouging, which 
might leave them vulnerable to predation. This could explain the presence of a 
dorsal stripe in all Nycticebus (Nekaris and Jaffe 2007), and might even explain the 
seasonal appearance of this stripe in Vietnamese N. pygmaeus (Streicher 2004), 
which is only present during the harsh winter months when exudativory seems to 
increase. Although the closely-related African galagos are known to scrape gum 
from the tree surface and to extend existing wounds to get at gum, they do this with 
specialized cheek teeth rather than with the anterior teeth (Bearder and Martin 
1980). There is still debate over whether or not pottos are more closely related to 
galagos or to Asian lorises (Schwartz and Beutel 1995; Nekaris and Bearder 2007). 
More observations of pottos are needed to see how they extract exudates, and to 
which of these two groups this behavior more closely resembles.

A novel finding in our captive study was that urine marking or facial rubbing often 
accompanied gouging episodes by both adult and juvenile slow lorises. Gouging 
behavior has been observed among Bengal slow loris infants between 2 and 4 weeks 
of age, although scent marking was not reported (Zimmermann 1989). However, 
vigorous circumgenital scent marking the context of gouge holes is an important part 
of the behavioral repertoire of South American marmosets (Rylands 1984, 1985). 
Indeed, this behavior is used infrequently in any other context. Several explanations 
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for scent marking gouges have been proposed, including territory marking, regulation 
of group movement, intra-group sexual dominance, deterring other groups from using 
a hole, or indicating the profitability of a certain hole (Rylands 1990). As gouging is 
essentially a risky business in terms of predation susceptibility and in terms of poten-
tial tooth damage (Bearder and Martin 1980), all of these hypotheses may be relevant 
to and interesting to test in the case of Nycticebus. Here we propose an additional role 
for marking gouges. Wiens and Zitzmann (2003) describe that young slow lorises 
clearly learn to eat items consumed by their parents, but did not witness any evidence 
of direct social learning. They suggested that information about food resources might 
be transferred chemically. Our observations that adult N. coucang did not begin to 
scent mark their gouges until presented with fresh branches that provided a better 
chance of producing exudates suggests that they may have been submitting informa-
tion about food sources to their offspring. Because scent marking is a common part 
of loris behavior, it is therefore difficult to quantify (Nekaris and Jayewardene 2003, 
see also Rylands 1990 for marmosets), and the studies reviewed here may have over-
looked scent marking of gouges in the wild. Future researchers should be alert to this 
possibility, and attempt to interpret its function.

Our results carry implications for captive management. Captive lorises suffer 
from obesity (Ratajszczak 1998) and dental diseases, including abscesses, recurrent 
periodontal disease, facial swelling, and osteomylitis of the zygomatic arch (Fitch-
Snyder et al. 2001). A diet too rich in sugar, and lack of substrates on which to 
gouge have been implicated for both conditions (Streicher 2004). Streicher (2004) 
noted a high standard of dental hygiene when wild-caught N. pygmaeus were given 
the opportunity to gouge fresh branches regularly. Craig and Reed (2003) presented 
puzzle feeders to N. pygmaeus that necessitated gouging and thereby increased 
activity, an aid to reducing obesity. Fitch-Snyder et al. (2001) used gum arabic 
placed into a treat log to stimulate activity; both N. bengalensis and N. pygmaeus 
gouged into the log far beyond the original diameter of the initial drill holes. 
In marmosets, too, the full suite of wild behaviors, including urine marking, can 
be stimulated by providing gum enrichment (McGrew et al. 1986) In our study, the 
N. coucang were ultimately released to the wild; the resident veterinarian particu-
larly commented on the healthy state of the animals, including their dentition 
(Collins and Nekaris 2008). Animals were also fed on plenty of live prey,  including 
birds, and local uncultivated fruits that were more likely to be lower in sugar 
(Streicher et al. in review). The health of captive populations of lorises may be 
greatly enhanced by providing regular opportunities for gouging, and further stud-
ies should investigate this.

In previous reviews of gouging behavior of primates, Asian lorises were an 
unstudied enigma (Bearder and Martin 1980; Nash 1986). Unique in many aspects 
of their behavior and anatomy, we show here that they are one of the few primate 
genera to engage in specialized extractive gouging of plant exudates. This special-
ization is reflected to some extent in their pelage, life history, masticatory complex, 
and social behavior. These data we present here are mainly from field studies of slow 
lorises still in their early stages. We hope we present many challenges to this new 
generation of researchers to further our knowledge of the role of exudativory in loris 
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ecology and evolution, and to the improvement of the welfare and health of captive 
lorises through the promotion of this natural behavior in zoos and sanctuaries.
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