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Introduction
The impact of habitat loss and fragmentation is a ma-
jor threat to biodiversity (Fahrig 2003), leading to 
an increasing number of patches, decreasing habitat 
patch size and increased isolation. Under such frag-
mented conditions, the microclimate in the patches 
is altered and there is an increase in solar radiation, 
temperature and wind as well as a decrease in hu-
midity (Saunders et al. 1991). This in turn leads to 
cascading changes in availability, quantity and nu-
tritional content of food and in species composition 
of the habitat (Estrada & Coates-Estrada 1996, 

Stevens & O’Connor 2006, Arroyo-Rodriguez 
& Dias 2010, Pretzlaff & Dausmann 2014). 
These abiotic variables also impact the patterns of 
distribution and habitat use of animals and many as-
pects of the behaviour of the patch inhabitants (e.g., 
the choice of sleeping sites, see Suchi & Rothe 
1999, Dominguez 2002, Hill et al. 2004, Arroyo-
Rodriguez & Dias 2010). Understanding the be-
havioural effects of fragmentation may provide 
useful information for the preparation of informed 
management plans. Researchers have suggested that 
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involving a careful analysis of abiotic factors and ef-
fects on habitat and species will help to identify bio-
diversity hotspots (Venevsky &Venevskaia 2005).

Primate species play important roles in for-
est regeneration (Cowlishaw & Dunbar 2000, 
Gilbert 2003, Arroyo-Rodriguez & Dias 2010, 
Omeja et al. 2016). However, one major effect of the 
fragmentation is the transformation of the vegeta-
tion structure and composition that have negative ef-
fects on diversity and availability of food sources for 
wild primates (Arroyo-Rodríguez & Mandujano 
2006, Arroyo-Rodríguez & Dias 2010). In ad-
dition, environmental abiotic variables like tem-
perature and humidity are affected by fragmenta-
tion and may force primates to adopt unfavourable 
activity patterns negatively affecting populations 
(Stelzner 1988, Suchi & Rothe 1999, Hill et al. 
2004, Ventura et al. 2005, Korstjens et al. 2006, 
González-Zamora et al. 2011). Temperature af-
fects the ability of primates to thermoregulate 
(Suchi & Rothe 1999, Hill et al. 2004, Donati & 
Borgognini-Tarli 2006) and may force primates to 
alter their activity patterns. For instance, to deal with 
high temperatures and/or low humidity, many pri-
mates rest more (Stelzner 1988, Bicca-Marques 
& Calegaro-Marques 1998, Korstjens et al. 2010, 
González-Zamora et al. 2011). In addition, travel-
ling and feeding are energetically costly (Dunbar 
1992, Korstjens et al. 2006) and reducing them 
when temperature is high allows primates to mini-
mise energy costs (Dunbar et al. 2009). Primates 
could also be expected to reduce time devoted to so-
cial activities (Conradt et al. 2000; Clarke et al. 
2002). 

It is reasonable to expect that an increase in 
solar radiation and temperature would encourage 
primates to move down into the canopy during hot 
periods of the day to seek shade and cooler tem-
peratures (Bicca-Marques & Calegaro-Marques 
1998). Therefore, to survive and persist in highly 
fragmented landscapes, arboreal primates must ex-
hibit flexibility in their diet and behaviour (Chaves 
& Bicca-Marques 2012). If fragmentation and the 
corresponding changes in temperature, wind and hu-
midity alter primate behaviours, understanding the 
ability of species to adapt will be key for develop-
ing management plans for primates in general. Such 
information will also be vital to predict the conse-
quences of accelerating global climate change and 
to take conservation actions that are pro-active, not 
just responsive (Anderson et al. 2008; Dunbar et 
al. 2009; González-Zamora et al. 2011). 

In this study (1) we explored the influence of 
ambient temperature (T) and humidity (H) on activ-

ity patterns of black howler monkeys Alouatta pigra 
Lawrence, 1933 and (2) tested the hypothesis that as 
temperature increases, the duration of time resting 
and frequency of visits in the lower canopy increase. 
This information could be used to design conserva-
tion and management plans about the black howler 
monkeys Alouatta pigra in the region of Balancán, 
Mexico.

Materials and Methods
The study was conducted at “Estación de 
Investigación Primatológica y Vida Silvestre”, lo-
cated in the settlement of Josefa Ortiz de Domínguez 
near the city of Balancán, Tabasco, Mexico. The cli-
mate is hot and humid, with three seasons: a “rainy” 
season (May – October, mean rainfall = 178 mm), 
“nortes” season (November – January, mean rainfall 
= 137 mm) characterised by strong northern winds 
and a “dry” season (February – April, mean rainfall 
= 57 mm). The annual average temperature rang-
es between 21.7 and 33.5°C (CONAGUA 2013). 
Rainforest, semi-deciduous tropical forest and 
spiny evergreen bloodwood (Haematoxylum campe-
chianum) forest originally dominated the region 
(López-Mendoza 1980). However, the colonisation 
in the 1960’s resulted in forest loss and fragmenta-
tion as forests were converted to pasture and agricul-
tural lands (Reyes-Castillo 1978; Tudela 1989).

We observed two groups of howler monkeys 
and recorded their behaviour using focal animal 
sampling from November 2012 to March 2013, 
covering the nortes season (290 hr) and dry season 
(187 hr). Group 1 included two adult males and two 
adult females (235 hr), and Group 2 consisted of one 
adult male, three adult females and 4 juveniles (242 
hr). The groups inhabited different forest fragments 
separated by a 400 m pasture (Fragment 1: 2.68 ha; 
Fragment 2: 3.89 ha). We followed the monkeys 
from 7:00 to 17:00 and recorded four behavioural 
categories: resting, feeding, travelling and social ac-
tivities (playing, vocalisations, agonistic behaviour) 
and their position in the tree stratum during resting 
periods: Ground = 0 m, Low < 2 m, Medium: 2-15 
m, High > 15 m. In general, trees’ height from for-
est fragments varied slightly, showing a similar tree 
size (average height = 8.84 ± 3.9 m SD; Max = 22.8; 
Min= 2.5), allowing a comparison of stratum posi-
tions between trees. The trees with height less than 
3m were actually bush and palms and were barely 
used by the monkeys. The ambient temperature (oC) 
and humidity (%) data were recorded every 15 min-
utes with a Datalogger (Extech RHT 10) positioned 
under the canopy in Fragment 1.
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We use Linear Models (LMs) to predict the 
time allocated in each behavioural category, us-
ing temperature and humidity as predictors and 
Generalized Linear Models (GLMs) to under-
stand if the frequency and duration of resting in 
each stratum (medium and high) were a function 
of temperature and humidity categories for each 
season. Humidity and temperature were strongly 
correlated (rs = -0.78, S = 77365.0, df = 2962, P 
< 0.001), thus only temperature was used in the 
GLMs. Temperature was divided into three catego-
ries using the minimum and maximum value and 
the average temperatures of the zone as follows: 
Temperature: Low = 20-25 °C, Medium = 26-30 
°C, High = 30-36 °C. For all models, appropriate 
error distributions were specifi ed and transforma-
tions or weight structures applied, where necessary, 
following Zuur et al. (2009). To determine the best 
models, we used the Akaike’s information criterion 
(AIC). We performed LMs and GLMs with the R 
package nlme (Pinheiro et al. 2014; version 3.2.0, 
R Core Team, 2015).

Results
Howler monkeys’ activity was characterised by 
long periods of resting (76.1% ± SD 21.7), fol-
lowed by feeding (16 % ± SD 8.7), travelling (6.2 
% ± SD 3.3) and social activities (1.7% ± SD 0.8; 
Fig. 1).

We did not fi nd evidence of the infl uence of 
temperature and humidity on the time allocated for 
feeding, travelling or social behaviours. Only an 
infl uence of temperature over the resting time was 
found (LM: P = 0.004; Table 1).

Howler monkeys visited the medium tree 
stratum more frequently than the other strata when 
they were resting (Table 2) and this was infl uenced 
by the temperature (GLM: df = 2; P = <0.0001), 
the stratum (GLM: df = 1; P = <0.0001) and the 
interaction between temperature ranges and stra-
tum (GLM: df = 2; P = 0.025). Furthermore, we 
found that the frequency of visits was aff ected by 
the high temperature range (GLM: Z = 11.41; P 
= <0.0001), medium temperature range (GLM: Z 

= 2.29; P = 0.02), medium tree stratum (GLM: Z 
= 4.13; P = <0.0001) and the interaction between 
low temperature range and medium tree stratum 
(GLM: Z = -2.67; P = 0.007). The duration of time 
of resting was diff erent across the tree stratum 
(LM: df = 1; P = 0.03; High = 4024 min, Medium 
= 5431 min) and the temperature ranges (LM: df = 
2; P = 0.03). No diff erences were found in the time 
resting by season.

Fig. 1. Activity patterns (% time) for the two groups of 
black howler monkeys (Alouatta pigra).

Table 1 . LM analysis of abiotic variables that infl uence 
activity patterns of Alouatta pigra.

Predictor variables df F-value P-value
Resting

Humidity 1 0.99 0.32
Temperature 1 9.19 0.004

Feeding
Humidity 1 3.79 0.06

Temperature 1 0.3 0.58
Traveling

Humidity 1 2.28 0.14
Temperature 1 1.12 0.29

Social activities
Humidity 1 3.51 0.08

Temperature 1 0.18 0.67

All models included season as a predictor variable; how-
ever, in all cases it had not eff ect on behaviour.

Table 2. Frequencies of Alouatta pigra in each tree stratum divided per temperature ranges and humidity ranges.

Tree stratum
Temperature ranges Humidity ranges

20-25°C 26-30°C 31-35°C 40-60% 61-80% 81-100%
High 31 47 27 23 50 32
Medium 32 88 69 54 104 31
Low 3 9 6 8 8 2
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Discussion
We found changes in the frequency and duration of 
resting of Black howler monkeys in fragments in the 
Balancán Region only as a function of temperature. 
As an example, the frequency of use of the medium 
tree stratum in resting behaviour increased during 
the day-time when it was hotter (Fig 2). 

A number of studies have found relations be-
tween primates’ activity patterns and temperature 
or humidity (Fernandez-Duque 2003, Hill et al. 
2004, Ventura et al. 2005, Korstjens et al. 2010, 
González-Zamora et al. 2011). We found an asso-
ciation between temperature and resting time but not 
with other activities. During the extreme hot condi-
tions of the dry season, howler monkeys are known 
to spend more time resting and less time feeding or 
engaging in social activities (Crockett et al. 1987, 
Conradt et al. 2000). Rest has often been found to 
be related to temperature (Alouatta caraya: Bicca-
Marques & Calegaro-Marques 1998; primates: 
Korstjens et al. 2010, González-Zamora et al. 
2011) but not always as in mantled howler mon-
keys Alouatta palliata (Williams-Guillen 2003). 
In contrast, we found no evidence that feeding time 
was infl uenced by temperature as opposed to previ-
ous suggestions of temperature eff ect on feeding in 
both frugivores and folivores. 

When the temperature is low and so the per-
centage of humidity is high, the black howler mon-
keys rest equally throughout the canopy, but when 
the temperature increases (above 25°C) and the hu-
midity goes down, the monkeys rest preferentially 
in middle of the tree (medium stratum) in the shade 
(see also Hill et al. 2004). In contrast, when tem-

peratures are cool, a number of monkey species tend 
to rest in sunny places, likely gaining heat from the 
sunlight (Bicca-Marques & Calegaro-Marques 
1998, Harris & Chapman 2007). In this way, the 
cost of endothermy can be behaviourally minimised 
by taking advantage of the solar radiation (Schmidt-
Nielsen 1990). Thermoregulation seems to be par-
ticularly important for folivores, who need to devel-
op strategies to save energy because of their energy-
poor diet (Dasilva 1992). In parallel, during the hot 
periods of the day, they need to move down in the 
shade, likely to avoid exposure to solar radiation 
(Bicca-Marques & Calegaro-Marques 1998).

According to the world climate-change models, 
there will be an increase in temperature and a de-
crease in humidity and conditions in forest fragments 
are likely to become more extreme (Hill et al. 2004; 
Pozo-Montuy & Serio-Silva 2007). As a result, the 
behaviour of species like the black howler monkeys 
will have to change in order to cope with the new 
conditions and the related serious time-budgeting 
problems; it is likely that resting would increase 
and the time available for other biological demands 
will decrease (Korstjens et al. 2010). The eff ects 
of deforestation (less tall trees and more scattered) 
and edge eff ects (greater wind penetration, increased 
dryness and temperature) will make conditions even 
harsher for many howler monkey populations. This 
demonstrates the importance of preserving large 
vegetation fragments (Korstjens et al. 2010).

Conclusions
Our results highlight the importance of maintaining 
extensive vegetation and, thus, minimising exces-

 

 

Fig 2. Frequency of use medium tree stratum in resting behavior during a day-time by black 

howler monkeys (A. pigra). Red line: frequency in medium tree stratum; Green line: 

ambient temperature; Black line: ambient humidity. 

 

Fig 2. Frequency of use of the medium tree stratum in resting behaviour of black howler monkeys (Alouatta pigra) 
during day-time. Red line: frequency in medium tree stratum; Green line: ambient temperature; Blue line: humidity.
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sive solar radiation for arboreal primates and require 
better understanding of the fitness consequences of 
such altered time budgets with respect to fragmenta-
tion and climate change.
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