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Abstract Howler monkeys (Alouatta spp.) inhabit a wide range of forested environments 
throughout their distribution. Many aspects of their ecology and behavior are 
quite conservative (e.g., day range) wherever they live, while others vary predic-
tably in response to habitat size or quality (e.g., home range). We describe the 
ranging behavior of an Alouatta caraya group living in the smallest home range 
(0.7 ha) known for Alouatta spp. and assess whether ambient temperature, time 
feeding, diet richness, and the contribution of food items in the diet predict day 
range. We used the instantaneous scan sampling method to record behavioral 
data during 5 days/month from August 2005 to July 2006 (699 h). �e group 
used an orchard and an isolated clump of trees, and day range (168-599 m) was 
best explained by average ambient temperature. No signi�cant relationship be-
tween day range and any trophic variable was found, suggesting that behavioral 
thermoregulation played a critical role on the group’s ranging behavior.

Resumo Uso do espaço por bugios-pretos (Alouatta caraya) em uma mancha de 
habitat antropogênico no sul do Brasil

 Os bugios (Alouatta spp.) habitam uma ampla variedade de ambientes �orestais 
ao longo de sua distribuição. Muitos aspectos de sua ecologia e comportamento 
são conservadores (e.g., percurso diário) independentemente de onde vivem, en-
quanto outros variam em resposta à área ou qualidade do habitat (e.g., área de 
vida). Descrevemos o uso do espaço por um grupo de bugios-pretos habitante 
da menor área de vida (0,7 ha) conhecida para Alouatta spp. e avaliamos se o 
percurso diário pode ser previsto pela temperatura ambiente, o investimento 
em alimentação, a riqueza da dieta e o consumo de diferentes itens vegetais. 
Usamos o método de varredura instantânea para registrar o comportamento 
durante 5 dias/mês de agosto/2005 a julho/2006 (699 h). O grupo usou um 
pomar e um conjunto isolado de árvores e o percurso diário (168-599 m) foi 
melhor explicado pela temperatura ambiente média. Não foram encontradas 
relações signi�cativas com variáveis tró�cas, sugerindo que a termorregulação 
comportamental desempenhou um papel crítico no percurso diário.
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I N T R O D U C T I O N

Human-induced habitat loss and fragmentation re-
present pervasive negative in�uences on the conservation of 
biodiversity (Haddad et al. 2015). �e reduction in habitat 
area resulting from these processes promotes changes in po-
pulation density and increases the vulnerability of isolated 
animal populations to inbreeding depression, hunting, pre-
dation, and diseases (Chapman & Balcomb 1998). Prima-
tes are particularly vulnerable to this new scenario (Mar-
sh et al. 2003). However, whereas some species disappear 
from areas below a given expanse threshold, populations 
of others thrive in habitat patches (sometimes smaller than 
the normal home range of a single social group) and an-
thropogenic environments such as urban parks, orchards, 
and plantations of exotic species (Marsh 2003; Bicca-Mar-
ques et al. 2009; Duarte et al. 2011; Bonilla-Sánchez et al. 
2012; Marsh & Chapman 2013).

Howler monkeys (Alouatta spp.) belong to the lat-
ter group (Fortes et al. 2015). �e capacity of howlers 
to live in small and degraded forest fragments has been 
related to the exploitation of an eclectic and �exible fo-
livorous-frugivorous diet (Crockett & Eisenberg 1987; 
Crockett 1998; Estrada et al. 1999, 2002; Bicca-Mar-
ques 2003; Chaves & Bicca-Marques 2013, 2016). Ha-
bitat restriction appears to in�uence only a handful of 
aspects of the ecology and behavior of howler monkeys 
in predictable ways (Bicca-Marques 2003). Whereas 
the size of the home range is obviously a�ected under 
conditions of space limitation, mean day range is not 
predicted by fragment size, this result was con�rmed in 
a recent review (Fortes et al. 2015).

In Alouatta, inter-study analyses have shown that 
mean day range was positively related to the average 
number of food species exploited per day (Bicca-Mar-
ques 2003) and negatively related to both the degrees of 
folivory and frugivory (Fortes et al. 2015). �e positive 

relationship reported by Bicca-Marques (2003) is com-
patible with the expectation that the need of ingesting 
a diverse and balanced diet and avoiding the consump-
tion of an overload of secondary metabolites modulates 
day range. On the other hand, the negative relationship 
between time spent feeding on fruits and day range may 
be a consequence of foragers “camping” near productive 
fruiting trees (Fortes et al. 2015).

In addition to nutrient balancing and secondary 
metabolite avoidance, diet selection may favor three other 
major nutritional goals: energy or nitrogen (protein) ma-
ximization and reduction of �ber ingestion (Felton et al. 
2009 for a review). Diet selection, intergroup mate and 
resource competition, and predation and infanticide risk 
are potential drivers of the extent of primate day range 
(Raño et al. 2016). In this respect, habitat patches inha-
bited by a single group of a particular species represent 
interesting scenarios for assessing day range in the ab-
sence of intergroup competition for mates and resources. 
Similarly, the in�uence of predation and infanticide risk 
on ranging is expected to be negligible if these habitat pa-
tches are small and isolated in an anthropogenic matrix. 
�erefore, single howler monkey groups inhabiting small 
and isolated habitats o�er an opportunity to evaluate the 
consequences of diet selection on ranging behavior when 
the e�ects of other selective pressures are minimal.

Here we describe the ranging behavior of black
-and-gold howler monkeys (Alouatta caraya) inhabiting 
the smallest home range so far recorded for a howler 
monkey group (Fortes et al. 2015). Speci�cally, we des-
cribe patterns of use of space and day range, evaluate 
whether time moving is a reliable proxy of day range, 
and model the e�ects of ambient temperature, time 
feeding, diet richness, and the contribution of fruits, 
�owers, and leaves to the diet on day range.

M AT E R I A L  A N D  M E T H O D S

�e study was conducted in a 0.7-ha orchard im-
mersed in a landscape dominated by pastures and cro-
plands in Estabelecimento Nossa Senhora da Conceição 
(29°36’43”S, 56°16’23”W; 86-93 m a.n.s.l.), Alegrete, 
state of Rio Grande do Sul, Brazil (Figure 1a and B). 
�e climate of the region is humid subtropical (type 

Cfa, according to Köppen’s classi�cation), characterized 
by the absence of a dry season and rainfall well distri-
buted throughout the year (Moreno 1961). Average an-
nual rainfall is 1,500 mm. Average annual temperature 
is 18.6°C with monthly averages ranging from 13.1°C 
(July) to 26.9°C (January) (IPAGRO 1989).



RANGING BEHAVIOR OF BLACK-AND-GOLD HOWLER MONKEYS (ALOUATTA CARAYA) IN AN ANTHROPOGENIC 
HABITAT PATCH IN SOUTHERN BRAZIL

261

�e orchard was composed of 154 trees with dia-
meter at breast height (DBH) ≥10 cm that formed an 
open and discontinuous canopy (Figure 2a; Prates & 
Bicca-Marques 2008, 2011). All trees were marked with 
numbered tags. �ey belonged to seven native and se-
ven exotic species, particularly the exotic Citrus sinen-
sis (n=98, Figure 2b) and Melia azedarach (n=14), and 
the native Parapiptadenia rigida (n=22) (Prates & Bic-
ca-Marques 2011). �e study site is ca. 1.2 km distant 
from the 2-ha orchard of Estância Casa Branca to the 
southwest, where Bicca-Marques and collaborators have 
conducted research on howler monkeys (Bicca-Marques 
1990, 1993; Bicca-Marques & Calegaro-Marques 1995, 
1998; Calegaro-Marques & Bicca-Marques 1996; Bic-
ca-Marques et al. 2009; Jesus & Bicca-Marques 2012), 
ca. 0.7 km from a 3-ha woodland to the southeast, and 
almost 3 km from the nearest gallery forest adjacent to 
the Itapororó river to the north.

According to the owner of the farm, howler 
monkeys colonized the orchard around 1983, when a 
dispersing adult female arrived with her infant. �e stu-
dy group (Figure 2c) ranged from 12 to 14 individuals 
(one or two adult males, three or four adult females, one 
subadult male, one subadult female, one or two juveni-
les, and four or �ve infants) (Prates & Bicca-Marques 

Figure 1. a) Location of the study region (star) in South America. b) 
Satellite image of the study site, showing the orchard and the isolated 
clump of trees located at northeast (source: Google Earth©). c) Fre-
quency of use of each imaginary 15 m x 15 m quadrat of the orchard 
and the isolated clump of trees during the study (N=60 days).

Figure 2. a) External view of the orchard, showing its open and dis-
continuous canopy. b) View of orange trees in the interior of the or-
chard. c) Adult female Alouatta caraya eating an orange.
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2011). �e habituation of the group to the researcher 
(HMP) occurred in July 2005. �e identi�cation of its 
members based on di�erences in pelage color, size, geni-
talia, and body marks, such as scars, also occurred du-
ring this time. Age-sex classes were classi�ed following 
Rumiz (1990).

Behavioral data were recorded from dawn to dusk 
using 5 min instantaneous scan samples (Martin & 
Bateson 2007) every 15 min during �ve days per mon-
th from August 2005 to July 2006 (total sampling ef-
fort=60 days). No observations were made during rainy 
days. We obtained 26,474 records distributed in 2,805 
scan sampling units in 699 h of observation.

Behavior was classi�ed into resting, feeding, mo-
ving, socializing, drinking, and defecating/urinating. 
Although the scan sampling method is not aimed at es-
timating time spent in a particular behavior, the percen-
tage of records of locomotion during each sampling day 
was used to estimate time (in min) spent moving. �is 
transformation took into account the total time of daily 
samples. It was necessary because the photoperiod at the 
study region varies from ca. 10.5 h in July to 14.5 h in 
January, making longer (e.g., Summer) days resulting 
in larger sample sizes than shorter (e.g., Winter) days 
(Bicca-Marques 1991). �erefore, if a constant time is 
devoted on a daily basis to a particular behavior (e.g., 2 
h), its percentage in the activity budget (calculated from 
the percentage of records) would vary from about 15% 
to 19% between the shortest and longest days. �is arti-
�cial 25% increase has the potential of leading to wrong 
interpretations. �e transformation is also supported 
by the fact that most individuals were recorded in each 
scan sampling unit (mean=9.4 records/scan sampling 
unit) and that there were no di�erences in the number 
of records per sampling unit within the day.

�e size and pattern of use of the home range was 
estimated by dividing the area of the orchard into 41 
imaginary 15 m x 15 m quadrats. �e intensity of use 
of each quadrat took into account the number of sam-
pling days in which it was visited or crossed by the group 
based on the location of trees. �e homogeneity of the 

pattern of quadrat use was tested by the Chi-square test 
expecting equal proportions. All displacements within 
the orchard that involved at least half of the group mem-
bers were recorded for estimating day range. �e dis-
tance between sequentially visited trees was measured 
for estimating day range. �e relationship between day 
range and percentage of records and time spent moving 
was evaluated by the Spearman Rank Correlation Coe-
�cient to assess whether the later variables were reliable 
proxies of the �rst.

Generalized Linear Mixed Models (GLMM) were 
used to assess whether average ambient temperature, 
percentage of activity records spent feeding, percenta-
ge of feeding records spent on leaves, �owers or fruits, 
and diet richness (number of plant species exploited as 
food sources) were good predictors of day range whi-
le taking month and day of data collection as random 
e�ects (Bolker et al. 2009). Predicting variables (�xed 
e�ects) were rescaled (package “scales”, Wickham 2016) 
and variance in�ation factors - VIF (package “car”, Fox 
& Weisberg 2011) calculated to exclude highly collinear 
variables from further analysis. All variables (VIF≤3), 
except percentage of feeding records spent on leaves 
(VIF=14.9), composed the models.

Functions “�tdist”, “cdfcomp” and “gofstat” were 
run for selecting the family error distribution that best 
�ts the data (package “�tdistrplus”, Delignette-Muller 
& Dutang 2015). A total of 24 full models with all pos-
sible combinations of null and full models were built 
(links function of Gamma family: identity, log and in-
verse) for choosing the best model using the function 
“glme” (package “lme4”, Bates et al. 2015). Full models 
were compared by the Akaike Information Criterion 
Second-Order Bias Correction (AICc, Burnham & An-
derson 2002; package “bbmle”, Bolker & Core Team 
2016). �e function “dredge” (package “MuMIn”, Bar-
ton 2016) was run to identify the model with the stron-
gest predictive power out of 32 possibilities. All analyses 
considered an alpha level of 0.05 and were performed 
in BioEstat 5.0 (Ayres et al. 2007) or R 3.3.1 (R Core 
Team 2016).

R E S U LT S

�e group used the entire area of the orchard in 
addition to a ca. 0.05-ha isolated clump of P. rigida 
and M. azedarach trees located 50 m from the orchard. 

However, it never used >0.45 ha (=20 quadrats) in the 
same day. �e group also used some parts of the orchard 
at a higher frequency than others (χ2=684.997, d.f.=41, 
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p<0.0001). For instance, a core area of 0.27 ha (=12 qua-
drats) was used during >50% of the days (Figure 1c).

Day range varied from 168 m to 599 m (mean 
± s.d.=371 ± 116 m, N=60). It was strongly correla-
ted with both the percentage of daily records spent 

Table 1. Best models of multiple logistic regression explaining day range of a black-and-gold howler monkey group in an 
orchard in southern Brazil, including the estimate and significance of the three variables composing the best model as 
predictors of day range.

Rank Model df logLik AICc ∆i AICc wi

Best model Average temperature + % fruit + diet richness 7 194.446 -372.7 0.00 0.906

 Variable Estimate St. Error t value Pr(>|z|) # models ∑wi

 Intercept 328.19 47.69 6.881 5.94e-12 - -

 Average temperature 199.10 56.46 3.526 0.0004 16 1.00

 % fruit -86.39 62.04 -1.392 0.1638 16 0.91

 Diet richness -62,01 59.58 -1.041 0.2980 16 0.91

2nd Average temperature + % feeding + % flower 7 191.786 -367.4 5.32 0.063

3rd Average temperature + % flower 6 189.695 -365.8 6.93 0.028

4th % feeding 5 185.750 -360.4 12.35 0.002

5th Average temperature + % fruit + % flower 7 178.832 -341.5 31.23 <0.001

AICc: corrected Akaike Information Criterion; ∆iAICc: delta corrected Akaike Information Criterion (difference between the current model and 
the most parcimonious model); wi: model selection probability.
Estimate: the sign indicates the direction of the effect of the variable for predicting day range. ∑wi: variable selection probability.

Figure 3. a) Relationship between time spent moving (in minutes) and day range (in meters). (b-d) Day range as a function of ambient average 
temperature, % fruit and diet richness, respectively. The Gamma regression model (identity link) is shown. Legend: dots, observed data (jitter 
plot, each month of data collection is represented by a different color); full line, predicted model; shaded area, 95% confidence interval.
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moving (rs=0.4944, N=60, p<0.0001) and time spent 
moving (rs=0.5523, N=60, p<0.0001; Figure 3a). � e 
best GLMM model included average ambient tem-
perature, diet richness and percentage of feeding re-
cords spent on fruits (Table 1). However, whereas the 
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positive relationship between ambient temperature 
and day range was signi�cant (Figure 3b), the nega-

tive relationships with the two trophic variables were 
not (Figures 3c and d; Table 1).

D I S C U S S I O N

�e distance travelled daily by the group was wi-
thin the limits described for Alouatta spp. (Bicca-Mar-
ques 2003; Fortes et al. 2015). �erefore, despite inhabi-
ting the smallest known home range for howler monke-
ys, the area of available habitat was not a good predic-
tor of day range as reported elsewhere (Bicca-Marques 
2003). �e number of howler monkeys sharing this tiny 
home range probably played a critical role in howler day 
range, as group size was shown to have a direct e�ect on 
distance traveled (Fortes et al. 2015).

�e strong positive correlations with both time 
spent and percentage of records moving con�rm that 
these variables are reliable proxies of day range. �is 
�nding was expected because howler monkeys are slow-
moving quadrupedal walkers that rarely run during tra-
vel (Bicca-Marques & Calegaro-Marques 1995; Prates 
& Bicca-Marques 2008); that is, travel speed is relatively 
constant. Signi�cant positive correlations between day 
range and travel time also were recently shown in two 
groups of brown howler monkeys living in a ca. 1,000 
ha Atlantic forest fragment in southeast Brazil (Jung et 
al. 2015). �ese results are compatible with the hypo-
thesis that most events of moving occur while howlers 
are travelling between food patches. �e stronger cor-
relations reported for brown howlers (>0.72; Jung et al. 
2015) compared with the current study may be a con-
sequence of the smaller size of their groups (six and �ve 
individuals) and their larger home ranges (5.0 ha and 
15.8 ha). Whereas it is easier for fewer individuals to 
synchronize their activities, this also is necessary for 
maintaining group cohesion when exploiting a larger 
area. On the other hand, there was limited need for the 
black-and-gold howlers of the present study, about half 
of which were immature, to synchronize their activities 
to guarantee group cohesion because they were restric-
ted to the boundaries of the orchard.

Although fruit consumption and diet richness 
composed the best model, the lack of signi�cant rela-
tionships between any trophic variable and day range 
(unlike the results reported by Raño et al. 2016 for the 
same species in Argentina) is explained by the close 
proximity between all food sources (the longest strai-

ght-line distance between two trees was approximately 
110 m) and the very limited diversity of potential foods 
(only 14 tree species plus a few epiphytes and parasites 
were present in the orchard). �e temporal variation in 
the consumption of most food items by this highly fo-
livorous (>80% of feeding records) group did not show 
a signi�cant relationship to their monthly availability in 
the orchard. �e only exception was mature fruits, who-
se major source (almost 2/3 of feeding records on this 
item) was the highly dominant Citrus sinensis (Prates 
& Bicca-Marques 2011). �e overabundance of mature 
fruits during the fruiting season of C. sinensis created a 
situation equivalent to that found in larger areas whe-
re frugivorous primates camp (Strier 1987; Fortes et al. 
2015), especially because the orange trees were clumped 
in the center of the orchard. �is resource distribution 
may explain the negative, although non-signi�cant, cor-
relation between the number of feeding records spent 
on fruit and day range. �ere was also no evidence that 
energy or nitrogen (protein) maximization, nutrient ba-
lancing, and avoidance of �ber or secondary metaboli-
te ingestion modulated distance travelled by the study 
group within its spatially restricted home range.

On the other hand, average ambient temperatu-
re was a strong predictor of day range. �e signi�cant 
positive relationship between these variables may be 
related to a thermoregulatory strategy of avoiding heat 
dissipation during colder days, when howlers decrease 
their activity (Bicca-Marques 1993) and rest huddled 
for long periods (Bicca-Marques & Calegaro-Marques 
1998). �e importance of the clumped distribution of 
orange trees as major fruit sources may also have played 
a role in this result because orange availability was hi-
ghest during the coldest months.

Finally, the size of the study group dropped from 
13 individuals to only four (two adult males, one adult 
female, and one subadult female) a few months after 
the end of this research. According to the owner of the 
study site (Silva 2007: pers. comm.), most group mem-
bers may have dispersed to nearby gallery forests. �is 
new, smaller, group size is similar to that found at the 
site in 1989-1990 (Bicca-Marques & Calegaro-Marques 
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1998). Irrespective of the fate of most study subjects 
during such a short period of time, their disappearance 
is compatible with the idea that small fragments have 
low carrying capacities (Asensio et al. 2007). Whether 
this putative dispersal was triggered by either resource 
limitation or social intolerance (in this case, based on a 
comparison of group membership before and after the 
disappearances it is possible to hypothesize that the so-
cial intolerance occurred among adult females and their 
o�spring instead of among adult males), by an interac-
tion of both of these causes or by another factor is an 
important question that remains unanswered. In sum, 
the study group did not show abnormal ranging beha-
vior in the orchard despite living in a situation probably 
near the threshold of the species’ tolerance as suggested 
by Prates & Bicca-Marques (2011).
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