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Behavioural and ecological aspects of black tufted-ear marmosets,
Callithrix peracillata (Geoffroy, 1812) (Primates: Callitrichidae) in a semi-

urban environment

MARINA NOGUEIRA DOS SANTOS', MARINA HENRIQUES LAGE DUARTE '*
AND ROBERT JOHN YOUNG?

O mico-estrela (Callithrix pencillata) ¢ uma pequena espécie de primata neotropical que vive em varios tipos de ambientes como
Cerrado e Mata Atlantica, podendo também ocupar areas urbanas. Pesquisas ja mostraram que a disponibilidade de recurso
alimentar afeta a area de vida, o tamanho de grupo e o comportamento da espécie na natureza. Os objetivos deste estudo foram
investigar o comportamento do mico-estrela em um ambiente urbanizado e a influéncia de recurso alimentar (estimado) na
area de vida e na densidade populacional. O estudo foi realizado por meio de observagoes diretas (84 horas) com quatro grupos
de mico-estrela vivendo nas dependéncias do zoolégico de Belo Horizonte, Minas Gerais, Brasil. Os resultados mostraram que
apesar de viverem em ambiente urbano, estes micos tem areas de vida (2,85ha), tamanhos dos grupos (média=5,7 individuos) e
densidades populacionais (2,19 ind/ha) parecidos com os valores obtidos para a espécie nativa. Os animais estudados, passaram
a maior parte do dia se deslocando (22,45%), descansando (16,58%), inativos alertas (14,95%) e alimentando-se (6,74%). Estes
resultados mostram que o padrao de atividade e o repertério comportamental exibidos pelos animais deste estudo sao similares
aos apresentados na natureza e portanto, evidenciam a capacidade de adaptacao da espécie em ambientes antropicos.
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The black tufted-ear marmoset (Callithrix penicillata) is a small Neotropical primate, which lives in various types of environments
from Cerrado (Brazilian savannah), Atlantic forest to urban areas. Research shows that food availability influences home range size,
group size, population density and the behaviour of marmoset groups in the wild. The objective of this study was to investigate
the behaviour of C. penicillata in an urbanized habitat, and the influence of (estimated) food availability on home range size,
group size and population density. This study was performed through direct behavioural observation (84 hours) on four wild
groups of marmosets living within the grounds of Belo Horizonte Zoological garden, Minas Gerais, Brazil. The results show
that, despite living in an urban habitat, these marmosets presented home range size (2.85ha), group size (mean=>5.7 ind.) and
population density (2.19 ind/ha) values in the range found in wild-living conspecifics. The animals studied spent a considerable
percentage of their time travelling (22.45%); resting (16.58%), inactive alert (14.95%) and feeding (6.74%). These results showed
that behavioural activity repertoires were also found to be similar to wild-living conspecifics and therefore demonstrate the species
adaptation capacity in urban environment.
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Introduction

The black tufted-ear marmoset (Callithrix
penicillata Geoftroy, 1812) is a small Neotropical
primate (350 to 500 g), whose original habitat is in
the Cerrado areas (i.e. savannah) of central Brazil
(Fonseca & Lacher, 1984). In addition to it living
in these natural habitats, it is a species that can be
widely found in the parks and streets of the cities of
Brazil (Leite et al., 2011).

Urbanization causes a reduction in natural
habitats, which may result in the local extinction
of species (Sabbatini et al., 2006). However, beha-
viourally flexible species can adapt to urban areas,
where in some cases, they can easily find available
food resources, such as garbage (Box, 1991). Urban
primates, in particular, often directly compete with
humans. One of the consequences of this is that
some primate species are suffering changes in their
behaviour, losing their fear of and, sometimes, be-
coming aggressive towards humans (Sabbatini et al.,
2006). Due to its adaptability, learning and explor-
atory capacity, C. penicillata is capable of adapting to
changes 1in its environment and may occupy urban
environments (Stevenson & Rylands, 1988).

In many species, home range size is influen-
ced by body size, metabolic needs, social organiza-
tion, population density and habitat productivity
(Dawson, 1979; Harestad & Bunnell 1979; MacNab
1963; Miranda & Faria, 2001; Rylands, 1986;
Scanlon et al. 1989; Stevenson & Rylands, 1988).
Variation in the size of the home range of the ge-
nus Callithrix 1s from 0.5 to 35.5 ha (Castro, 2003)
and for C. pemcillata from 2.0 to 18.5 ha (Fonseca et
al., 1980; Ruiz-Miranda et al., 2006,) in Cerrado and
Atlantic forest, respectively. In urban areas Duarte
et al. (2010) found a home-range of 13.1 ha for the
same species. Population density of groups depends
on resource density in the home range of each group
(Stevenson & Rylands, 1988).

C. penicillata has a diverse diet (Vivo, 1991),
which enables this species to live in small home ran-
ges and allows it to adapt to impacted environments
(Faria, 1986). C. jacchus and C. penicillata are mentio-
ned by Stevenson & Rylands (1988) as ecologically
the most successful primate species in Brazil, due to
their wide geographic distribution, high population
densities and their efficiency of habitat exploration,
making them capable of living in unfavourable and
seasonal habitats (Miranda & Faria, 2001).

C. penicillata 1s considered a territorial spe-
cies, which lives in social groups of 3-15 animals
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(comprised of a reproductive pair, sub-adults, ju-
veniles and infants) (Stevenson & Rylands, 1988).
Observations made in captivity and in the field of
species from the genus Callithrix demonstrate an ac-
tivity pattern with durations of 10 to 12 hours per
day (Sussman & Kinzey, 1984; Stevenson & Rylands,
1988). During the day, time is divided into activi-
ties, such as travelling, self-grooming, resting, social
behaviour (e.g play, grooming), vocalization and fee-
ding (Stevenson & Poole, 1976). These daily activi-
ties vary according to the hour of the day (Varella
& Yamamoto, 1991). Food is considered a powerful
regulator of animal activity (Apelgren et al., 1985)
and, obviously, its availability and distribution in-
fluences foraging behaviour (Garber, 1988).

The objectives of this study were (1) to investi-
gate the behavioural activity of four groups of C. peni-
¢tllata living in an urban environment and compare
their behavioural ecology to animals living in natural
habitats; (2) to evaluate the importance of (estimated)
food availability in an urban area in relation to home
range size, group size and population density.

Material and Methods

This study was carried out in the grounds of
the Belo Horizonte Zoological garden, Minas Gerais,
Brazil (19°51°S, 44°00’'W). The climate in the area
was mild throughout the year with a rainy season
between October and March, and an annual mean
temperature of about 23°C. The zoo is bordered by
a residential region and internally it has an area of
1,460 hectares (ha)of which 70% is a nature reserve
(characterized as mainly Cerrado — more specifically
semi deciduous woodland — Cerradao)

Four groups were studied. The smallest group
of C. penicillata consisted of four individuals. The larg-
est group consisted of thirteen individuals. However,
there was daily variation in these numbers. Over the
period of the study, a mean of these numbers was
used. Four study groups were chosen using the cri-
terion that there was no apparently physical contact
between these groups (it was not possible to fully
eliminate the possibility of vocal interactions). In this
way, the behaviour of one group probably did not in-
fluence another group; however, in some cases a non-
study group interacted with two or more of our study
groups. Therefore, we considered our study groups
to be statistically independent units. Furthermore, all
groups contained only one reproductive female, an
adult male and a minimum of two juveniles (group
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sizes ranged from a minimum of four to a maximum
of thirteen individuals during the study).

To accurately represent the number of ani-
mals in our groups we counted the number of ani-
mals during each observation session, this was becau-
se a pilot study had revealed that group size varied
due to births, deaths, emigrations and individuals
becoming temporarily separated from their groups.
Furthermore, it was decided that as our groups were,
normally, spatially cohesive units, the behaviour of
the group would be considered and not the individu-
als in the group. Our rationale was to reduce the risk
of type I statistical errors (Zar, 1998) due to artificially
inflated sample sizes, which result from counting indi-
viduals in the same group as statistically independent
units (e pooling fallacy). As our groups were always
found in the same area, due to their territorial beha-
viour, it was not necessary to mark individuals (Castro,
2003) and their natural individual markings made it
possible to confirm the identity of group members.

Data
October/2005. Observation sessions of the groups

was collected from April to
were done three times a week during the day, to-
talling 84 hours of observation, 21 (£ 1.16) hours
(mean + S.D.) for each group (representing a total of
19,343 different sample points for all four groups).
Behavioural data were collected using scan sampling
of all visible group members (dependent infants were
not included) with instantaneous recording of beha-
viour every 90 seconds (Martin & Bateson, 1993). To
be valid, a scan sample had to have a minimum of
eight sample points. Recorded behaviours are shown
in Tab. I. To determine group size, the mean mini-
mum number of individuals was calculated for each
group during each scan.

To estimate groups’ home range sizes a
minimum of two geographical points were col-
lected using a GPS device (Garmin, USA, model
GPS III Plus), during each observation session. It
should be noted that due to the presence of animal
enclosures it was not possible to systematically col-
lect geographical fixes (therefore analyses such as
Kernel were not possible). At our university’s GIS
Laboratory (CEPIGAR), the collected points were
used to project the home range of each group, using
the minimum convex polygon method, and calcu-
late its area, using ArcGIS software (Environmental
Systems Research Institute — ESRI - California,
USA,). From the collected points, for each group’s
home range, the two most distant points and were
selected the distance between them measured; this
distance was used to calculate the area of influence
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around each home range (an arc being drawn from
the geographical centre of the home range using
half this distance). The calculation of this area of
influence was made using Autocad map software
(Autodesk firm, California, USA).

To characterize the land-use and vegetation
cover of each group’s home range aerial photographs
were interpreted (using the programs Autocadmap,
ArcGIS, Google Earth and GPS Track Maker) so as
to calculate the percentage of green area (i.e. natural
vegetation), clearings and built area (i.e. asphalt, con-
crete, constructions) (Figure 1). The quantity of food
plants in the green areas, for our study species within
their home ranges, was estimated by the zoo’s bota-
nist at the start and the end of our study who ranked
(1 to 4 with 1 being the highest) the areas in terms
of estimated natural food availability in relation to a
wild marmoset’s diet.

The marmosets were frequently observed fee-
ding in the enclosures of some species of birds in the
zoo. Although not directly offered to the marmosets,
the birds’ food represented a part of the marmosets’
diet (personal observation). These resources were
considered as extra food for the marmosets. The
amount of extra food available was estimated by con-
sidering which enclosures small primates could enter,
type and quantity of available food. From this data
the groups’ home ranges were ranked from the one
with the most (designated number 1 in the rank) to
the one with least (designated number 4 in the rank)
extra food available.
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Figure 1: Characterization of C. Penicillata home-range in
the Belo Horizonte Zoo, Minas Gerais, Brazil.



Marina Nogueira dos Santos et al

Table 1. Behavioral activities recorded from four groups of marmosets (C.penicillata) living in zoo in Belo Horizonte

Behaviour

Description

Resting

Individual awake but not moving or engaged in any activity.

Inactive alert

Individual in a stationary position but attentive to its surroundings.

Travelling behaviour

Individual moving, running, jumping or walking,

Positive social behaviour

Non-aggressive interactions between individuals (e.g playing or grooming).

Negative social behaviour

Aggressive interactions between individuals, including aggressive

vocalizations.

Feeding behaviour

Consuming food, eating gum or drinking water.

Self-grooming behaviour

Individual picking through own fur with hands and/or mouth.

Vocalizing

Any type of non-aggressive vocalization (e.g contact, alarm, stress).

Other behaviours

Any behaviours executed by individuals not described above.

Not visible

Self explanatory.

Table 2. Kruskal-Wallis H-values and mean £ SEM percentages of time devoted to different behaviours of four groups of

marmosets (C.penicillata) living in a zoo in Belo Horizonte

H Group 1 Group 2 Group 3 Group 4

R 17.65%* 15.87 + 2.49*» 20.93 £ 2.62° 22.70 £ 1.75* 6.80 +2.13"
I 28.26%** 9.28 £2.70* 8.43 £3.21¢ 3.68 £ 1.05* 38.39 £ 3.75"
T 20.29%** 14.37 £1.82* 25.56 £ 2.00° 27.39 £ 1.77° 2249 £ 1.17"
S+ 9.82% 443 £ 1.26% 6.51 £ 1.32* 2.92 £ 1.01* 2.48 £1.22"
S- 6.18 0.04 £ 0.04* 0.15+0.08* 0.35£0.019* 0.00 £ 0.00*
A% 3.41 5.35 %+ 1.20° 4.21 £0.72¢ 5.23+£0.87* 242 £0.31°
F 19.86%#* 8.41 £2.4]1~" 3.47 £0.65* 2.82 +£0.94¢ 12.26 £ 2.25°
G 16.85%#* 1.34 £ 0.26" 3.66 £ 0.44* 2.51 £ 0.412bc 2.05 £ 0.27>
(0] 4.92 0.32£0.27¢ 0.00 £ 0.00* 0.07 £0.07* 0.00 = 0.00*
N 20.52%** 40.59 £ 2.45* 27.08 £ 2.95" 32.32 £ 3.48° 13.11 £ 3.18¢

Different superscript letters indicate statistically significant differences between groups as detected by post-hoc Mann-Whitney
U-tests (Note: post-hoc differences are based on median values produced by the Mann-Whitney U-tests with p-values corrected by

the Bonferroni method for multiple comparisons).

H = Kruskal-Wallis statistic (DF = 3 in all cases); * = p < 0.05; ** = p < 0.001; R = Resting; I = Inactive alert; T = Travelling
behaviour; S+ = Social positive behaviour; S- = Social negative behaviour; V = Vocalizing; I = Feeding behaviour; G = Self-

grooming; O = Other behaviours; N = Not visible.

Visitors to the zoo, more specifically those
who passed inside the boundaries of our groups’
home ranges, were affecting behaviour and diet: as
visitors were frequently observed interacting with
and feeding the marmosets (personal observation).
The number of visitors passing through home ran-
ges was counted (two eight hour sessions per area)
to determine the level (rank) of human contact with
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cach group. The groups with most visitor contact,
probably, received most extra food.

As previously mentioned, the data collec-
tion was organized so that each group could be
considered an independent statistical unit. The
Anderson-Darling statistical test confirmed that
behavioural data, for group comparisons, did not
meet the requirements for parametric statistics;



Behavioural and ecological aspects of black tufted-ear marmosets

therefore, non-parametric statistics were used for
these comparisons (i.e. Kruskal-Wallis and Mann-
Whitney U-test). The data for correlations was
tested for the requirements for parametric statistics
and the two variables inactive alert and group den-
sity did not meet the requirements for paramet-
ric statistics. However, after a square-root trans-
formation inactive alert met the requirements, it
proved impossible to transform group density to
meet these requirements and so this variable was
not analyzed.

Behavioural data for all groups (per observa-
tion session) was converted into proportions before
any data analysis was conducted. In order to deter-
mine if groups presented statistical differences in
behaviours expressed by groups, the Kruskal-Wallis
test was used. When a significant difference was de-
tected we performed post-hoc Mann-Whitney U-tests
between pairs of groups with p-values corrected by
the Bonferroni method for multiple comparisons
(Sheskin, 2004).

The Mann-Whitney U-test was used to de-
tect significant differences between the data from this
study and results published in literature that related
to home range size, group size and population den-
sity. Pearson correlations were made to determine if
there were correlations between recorded ecological
variables (z.e. food availability, home-range, etc) and
behaviours that were recorded in the study.

Results

Groups of C. penicillata living in the Belo
Horizonte Zoo spent a considerable percentage of
their time travelling (22.45 £ 2.88); resting (16.58 +
3.57), inactive alert (14.95 = 7.91) and feeding (6.74
+ 2.22) (mean % * SEM). All other behavioural ac-
tivities were expressed for less than 5% of their activ-
ity repertoire (Tab. II).

To summarize inter-group comparisons for
behavioural activities (for full details see Tab. II):
Group 4 devoted the smallest amount of time to res-
ting and the most time inactive alert. This was also
the group that spent the most time feeding and was
the most visible of the groups. Group 2 spent the lar-
gest amount of time in social positive and self-groo-
ming behaviour. Group 1 devoted the least amount
of time to travelling. The four groups of C. penicillata
did not present significant differences for negative
social behaviours, vocalizing or ‘other’ behaviours

(see Tab. II).
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The home range size of each group of C.
penicillata, as well as its area of influence, group size
and population density, are presented in Tab. IIL
Results from other studies concerning home range
size, group size and density of groups of C. penicillata
and type of habitat of each home range studied are
shown in Tab. IV for comparative purposes.

Estimated natural food availability (Tab. V)
showed significant negative correlations with resting
and social negative behaviour (resting: r = -0.955;
N = 4; p < 0.05; social negative: r = -0.955; N = 4;
p < 0.05) and a significant positive correlation with
feeding (r = 0.966; N = 4; p < 0.05). The percentage
of green area had a significant positive correlation
with positive social behaviour (r = 0.989; N = 4; p
<0.05; Tab. VI); whereas the percentage of clearing
had a significant negative correlation with positive
social behaviour (r = -0.977; N = 4; p < 0.05; Tab.
VI). The percentage of built area showed a signifi-
cant negative correlation with self-grooming beha-
viour (r = -0.965; N = 4; p < 0.05; Tab. VI). Finally,
the mean group size had a significant positive corre-
lation with resting (r = 0.953; N = 4; p < 0.05) and
a significant negative correlation with feeding beha-
viour (r = -0.978; N = 4; p < 0.05).

Comparing home range sizes (W = 19.0; N|
=4;N,=7;p = 0.395, Tab. Il and IV), group sizes
(W=19.0; N, = 4; N,=6; p = 0.594, Tab. III and
IV) and population density (W = 27.0; N, = 4, N, =
6; p = 0.240; Tab. III and IV) with published studies
showed no significant differences.

Discussion

The results showed that home range size,
group size and population density of groups of C.
penicillata living wild in the Belo Horizonte Zoo were
within expected values for this species in natural and
urban habitats (Faria, 1989; Fonseca et al., 1980;
Fonseca & Lacher, 1984; Miranda & Faria, 2001;
Ruiz-Miranda et al, 2006; Duarte et al., 2011).
These aspects seemed to be, likewise for wild con-
specifics, influenced by aspects of their home range
(principally the occurrence of food resources in their
environment).

Only Group 3 had a value smaller than the
published home range size (Tab. III and IV). While
this group did not have an extensive green area (Tab.
VI), it did have the highest amount of estimated nat-
ural food available (Tab. V) due to the presence of
an organic waste dump that provided nutrients for
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Table 3. Home range size, area of influence, group size and group density from four groups of marmosets (C.penicillata) living

in a zoo in Belo Horizonte.

Group Home range size Area of influence Group size* Group density (indiv./
(ha) (ha) (mean + SEM) ha)

Gl 3.04 4.90 5.21£0.43 1.71

G2 4.12 5.81 7.0 £ 0.41 1.70

G3 1.72 3.33 6.5 +0.44 3.78

G4 2.55 4.47 4.0 £0.00 1.57

Mean 2.85 4.62 5.7 £0.67 2.19

* Mean minimum group size observed; ha = hectare; indiv./ha = individuals per hectare.

Table 4. Published home range sizes, group sizes, group densities and habitat types of C. penicillata groups and mean of

present study.

Reference Home Group No. of Group density Habitat
range (ha) size groups (indiv./ha)
Mean of present study 2.85 5.70 4 2.19 Semi-Urban
Fonskca et al. (1980) 2.00 5.00 1 2.00 Cerrado
Fonseca & Lacher (1984) 2.50 4.50 1 1.80 Cerrado
Faria (1989) 3.50 - - - Cerrado
Miranda & Faria (2001) 8.25 4.67 1 0.57 Cerrado*
18.50 7.33 1 0.40 Cerrado*
12.00 9.83 1 0.83 Cerrado*
Ruiz-MirRaNDA et al. (2006) 2.88 9.00 1 0.32 Forest**

- = data not available; * = semi-urban cerrado; ** = Atlantic forest; ha = hectare; indiv./ha = individuals per hectare.

surrounding plants and trees. Thus, Group 3, despite
having a relatively large mean group size, was able to
live in a small home range due to high estimated nat-
ural food availability. In the study, Group 2 had the
largest home range, which probably reflects the fact
that it had the largest mean group size and a low oc-
currence of food resources (Tab. IIT and V, Miranda
& Faria, 2001; Rylands, 1986; Scanlon et al., 1989).
However, it should be pointed out that there exists
a deficiency in the published literature in that most
home range data are based on only one group (Tab.
IV). The area of influence values showed the same
effect as home range size, except that their values
were consistently higher than those reported in Tab.
1V, except for marmosets in a semi-urban Cerrado ha-
bitat (Miranda & Faria, 2001).

Positive social behaviour decreased with in-
creasing amounts of clearings; whereas self-groom-
ing behaviour decreased with increasing amounts of
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built area. Taken together, these results suggest that
the animals may have been more ‘relaxed’ in natu-
ral vegetation as this provided cover from predators
(Stevenson & Rylands, 1988).

While mean group size in this study was
within published limits (Tab. III and IV) it did vary
during the study; this was due to two principal fac-
tors: disappearance of individuals and separation
of individuals. During the study it was noted that
many dependent infants disappeared; for example,
in Group 2 three dependent infants disappeared.
The other main factor affecting group size was the
temporal separation of individuals from the main
group. This factor principally affected sub-adults
who, when observed, seemed to be approaching oth-
er groups, perhaps with the objective of attracting
a mate (Stevenson & Rylands, 1988). Group 4 had
a group size smaller than that recorded in the lit-
erature (4 individuals, Tab. III), and this may reflect
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Table 5. Ranking (from high (1) to low (4)) of estimated natural food availability, extra food availability and quantity of

visitors in the home ranges of each group.

Estimated natural food Extra food availability Visitors/hour
availability

Group 1 3 1 2
Group 2 2 3.5 1
Group 3 1 2 4

Group 4 4 3.5 3

Table 6. Percentages of green areas, clearings and built areas in each group’s area of influence.
Green area Clearings Built area

Group 1 46 (2.25) 32(1.57) 22 (1.08)
Group 2 90 (5.23) 8(0.46) 2(0.12)
Group 3 29(0.97) 55 (1.83) 16 (0.53)
Group 4 11 (0.49) 74 (3.31) 15(0.67)
Mean 44 (2.03) 42 (1.94) 14 (0.65)

Values in brackets are in hectares.

its small quantity of green area (only 11%; Tab. VI)
and, consequently, estimated natural and extra food.
Interestingly, no infants were observed in this group,
and its group size did not vary during our study.

In terms of behaviour, mean group size was
positively associated with resting and negatively as-
sociated with feeding behaviour. The increase in
resting behaviour probably reflects the increased
security that a larger group has against predators;
whereas the decrease in feeding time may reflect in-
crease in competition for food resources (Stevenson
& Rylands, 1988).

The mean group density in this study did not
differ from that of studies in the Cerrado (Fonseca et
al. 1980, Fonseca & Lacher 1984) with insufficient
comparative data being available for the Atlantic for-
est (Tab. IV). However, Group 3 showed a higher
density than that of any published study (Tab. III);
this was due to an exceptionally high occurrence
of food resources in its home range because of the
aforementioned organic waste dump. Thus, demon-
strating that C. penicillata can live in higher densities
than those that occur naturally. It could be argued
that the density of marmosets in this study was even
higher as their green area (i.e. natural habitat) only
had a mean of 44% (Tab. VI). Therefore, it may
be justifiable to double the densities found in this
study (or halve the home range values); however, it
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was decided to use gross density (individuals/total
area) and not net density (individuals/green area)
because marmosets were observed using all three
types of land-use and vegetation cover. In a study
in a semi-urban Cerrado, habitat population density
was increased by the extra food made available from
homes (Miranda & Faria, 2001).

Due to lack of published data and method-
ological differences between the present and pub-
lished studies, it was not possible to do statistical
comparisons for behavioural activity repertoires. In
general, data from the study followed that of other
published studies with the travelling, resting, inactive
alert and feeding behaviours being most expressed
(Stevenson & Rylands, 1988). However, the percent-
ages of time devoted to these activities were lower
in this study; this was not due to these marmosets
expressing behaviours not seen in other studies.
Another possible explanation is that behavioural
comparisons between studies are difficult due to en-
vironmental differences in food availability. The ani-
mals involved in this study probably had more food
available than that of wild groups, which might have
reduced traveling time and increased resting time.
Published data indicate that C. penwcillata devote be-
tween 34 to 45% of their time travelling (Miranda
& Faria, 2001) compared to the 22% found in this
study. Data on C. jacchus indicate that they devote
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up to 53% of their time to resting (see Stevenson &
Rylands, 1988, for a review of published data) and
12% to feeding compared to the 16.5 and 6.7% in
this study. Thus, resting time in this study was not
higher than that reported in published studies. The
amount of time not visible varied significantly be-
tween groups (Tab. II); this effect had the potential
to bias our observations. However, in all of these
cases the animals involved in this study were hidden
in dense foliage and were not moving. Stevenson
and Rylands (1988) noted that marmosets normally
rest in dense vegetation, where they are difficult to
observe: we therefore suspect in these cases that the
marmosets were resting. Furthermore, inactive alert
was recorded as a separate behaviour from resting
in this study, while in other studies the definition of
resting also includes this behaviour (Stevenson &
Rylands, 1988). If the resting time in this study was
summed with not visible time and inactive alert to
create another measure of resting behaviour, then
this data would have indicated that the marmosets
in this study were indeed resting more than those in
other published studies (59.8% of the time, Tab. II).
Interestingly, Group 4 who had the smallest amount
of natural vegetation (Tab. VI) and, consequently,
little foliage to hide behind was the most inactive
alert group and the most visible of the groups (Tab.
II). It also had a high feeding time, which may reflect
its greater levels of activity (Garber et al., 1988).

Group 2, with greatest number of individuals
(Tab. III), presented the highest rate of positive social
behaviour and self-grooming (Tab. II). Studies show
that group size and composition (presence of juve-
niles) are often directly related to the expression of
social behaviours, such as play (Stevenson & Poole,
1976; Voland, 1977) and grooming (Stevenson &
Rylands, 1988; Yamamoto, 1991).

It is interesting to note that, in this study, ne-
gative social behaviour was extremely rare (Tab. II):
we suspect this reflects the relatively high occurrence
of food resources in their environment and, conse-
quently, low levels of intra-group competition.

The correlations showed what was expected,
this being that the availability of estimated natural
food in a group’s home range was positively asso-
ciated with feeding, and negatively associated with
resting and negative social behaviour. Food availa-
bility can directly affect activity patterns of a prima-
te group, as it influences hunger and consequently
traveling behaviour (Apelgren et al, 1985; Garber,
1988; Maier et al, 1982; Rylands, 1981, 1986;
Stevenson & Rylands, 1988). As expected, animals
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fed more when estimated natural food was more
abundant; the lower level of negative social beha-
viour in this situation may reflect reduced competi-
tion for food resources (Stevenson & Rylands, 1988).
As both group size and food availability varied in a
non-systematic manner, it is not possible to comment
on the effect of food availability on group size (Tab.
IIT and V).

Conclusion

The data presented in this paper showed that
the behaviour and ecology of semi-urban marmo-
sets were similar to that of their wild-living counter-
parts and, surprisingly, that they were able to survive
in areas with little natural vegetation due to their use
of alternative food sources.
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