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ABSTRACT: The activity patterns and diet of a group of Alouatta caraya were monitored in a
fragment Savannah (Cerrado) forest on Mato Grosso do Sul, Brazil, from June 2012 to March 2013.
Quantitative data were collected by scan sampling method. The general activity patterns (n = 6873
records) was 39.9% rest, 26.4% travel, 24.8% feeding, 6.3% for social behaviour. The level of resting
was relatively minor to patterns of genus (39.9%). The diet (n = 1707 records) was marked by the
consumption of leaves throughout the study (46.5%), fruits (34.8%) and flowers (17.8%). The group
consumed items of 72 plant species classified in 30 families. The consumption was higher in the dry
season at leaves (58.7%) and fruits in the rainy season (42.8%). The consumption of flowers was
high by the standards of southerly populations of the species Alouatta caraya feeded significantly
more in rainy season, but spent more time in other categories in dry season: travel and social
interactions. It is necessary phytochemical studies on the items consumed in Savannah (Cerrado)
biome to know which selection criterion the Alouatta use, contribute to the development of

conservation strategies.
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1.INTRODUCTION

The howler monkeys (Alouatta spp.) are among the largest platyrrhines and have the widest
geographical distribution, ranging from northern Argentina to southern Mexico [29]. The black
howler monkey, Alouatta caraya (Humboldt 1812) is found mainly in Brazil, and has the largest
geographic distribution of any howler, occurring throughout the Savannah (Cerrado) and Pantanal
biomes, ranging south to the southern Atlantic Forest [ 14] and in adjacent areas of Bolivia, Paraguay
and Argentina [17]. The behavior of howlers is reasonably well-known [28], [29]. These monkeys
have a predominantly folivorous-frugivorous diet [69], low activity rates, and are typical found in
polygynous groups of medium to large size [53]. Howlers regularly feed on mature leaves, although
softer, less fibrous, young leaves are preferred when they are available [ 13]. Mature fruit is the other
important food item, together leaf petioles, buds, flowers (sometimes seasonally very important),
seeds, moss, stems, twigs and bark, and exceptionally, vertebrate prey [14]. The available data also
indicate that Amazonian populations are more frugivorous than those of other regions [44], [79],
[81], [96], although leaves are a seasonally important resource in all cases. The Savannah (Cerrado),
second largest Brazilian biome, originally covered about 20% of the national territory, with an area
of approximately two million km? [54]. It is composed of a mosaic of phytophysiognomies, ranging
from forest areas (riparian forests, gallery forests and forest beds) to open areas (clean field, dirty
field, cerrado field), passing through areas with intermediate structural characteristics (Cerradao and
Cerrado Strict Sensu) [31], [83]. This diversity of environments is associated with a great diversity
of animals and plants, the latter presenting a high degree of endemism [65], [67].The estimates of
loss of area of the Brazilian Savannah (Cerrado) are alarming; approximately 2.2 million hectares of
this biome are lost annually [54]. Due to the high degree of floristic endemism and the great loss of
area presented by the biome, the Savannah (Cerrado) is currently considered a priority conservation
area or a hotspot [66], [68]. Habitat loss and fragmentation limit the survival of most mammals living
in the forest, particularly strictly arboreal primates. As the size of the fragment directly affects food
availability, the survival of primates in small fragments may depend on food flexibility [1], [73].The
Savannah (Cerrado) biome is marked by two well defined climatic seasons, a dry rainy season, the
living species of this biome in the course of evolutionary history, were adapting to the seasonality of
the region to guarantee survival and diversity, these adaptations occurred at morphological and
phenological level of plant species, reproductive and animal feeding [55].The vegetative cycle of
the Savannah (Cerrado) plants occurs under the influence of natural climatic phenomena. At the
beginning of the dry season, a great part of the vegetal species enter into vegetative rest, which
induces foliar decidufolism. Some species emit flowers, especially those belonging to the families
Bignoniacea, Bombacacea during this period, which corresponds to the winter, the flowers of these
species will serve as food for many animals, among them the primates. These features (flowers)
soften the lack fruits during the dry season. Few fruit species complete the cycle of maturation in
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the dry season, this minority is distributed by different environments of Savannah (Cerrado) and

play an important role in the feeding of many animal species, among others, we can mention:
Hymenaea courbaril (Jatobd - da - mata), Hymenaea stigonocarpa (jatoba - do - campo),
Didynopanax macrocarpum (mandioqueiro - do - cerrado), Inga vera (Ingazeiro), Mauritia flexuosa
(Buriti), Butia purpurascens (Coconut - jatai) [47], [48], [50]. When the rainy season begins, fruit
maturation, the main source of food for a large contingent of fauna, does not occur homogeneously
in all Savannah (Cerrado) areas. The great fructification occurs during the months of November,
December and January, a season coinciding with the height of the rainy season. The concentration
of these resources decreases, accompanying the end of the rainy season [56].However, except for
the months of May and June, which are considered critical when it comes to food supply, the other
months that correspond to the dry season, even in a smaller quantity, present some resources,
including flowers, roots, resins, some fruits [5], [27]. From July to September, months belonging to
the dry season, many species of trees drop their leaves, although evergreen species contribute to an
evident semi-deciduous pattern. Annual rainfall is about 1500 mm, most of which occurs from
November to March (rainy season). In this period the average temperature is 27 °© C, while in the dry
season (April to October) the average temperature is 20 ° C, and in the colder months (June-July)
frost may occur [82].The present study focuses on the behavioral ecology of a group of black howlers,
Alouatta caraya in a semi-deciduous submontane seasonal forest fragment in Savannah (Cerrado)
biome in the state of Mato Grosso do Sul, Brazil. Data on activity states and feeding behavior were
collected in scan samples, providing quantitative measures of the activity budget and the
composition of the diet of the study group. The analysis of these data was used to test two
hypotheses: (i) that the activity pattern of the study group varies significantly between seasons,
specifically, through a reduction in movement and an increase in resting and social interactions
during the dry season (when resources were least abundant), and (ii) that the composition of the diet
changes significantly between seasons, varying in accordance with the availability of different
resources. While Alouatta caraya is not endangered, its populations are declining throughout most
of the species range due to the ongoing expansion of farmland and fragmentation of natural habitats.
In addition to evaluating the ecological and behavioral patterns of the species in the Savannah
(Cerrado) biome of Mato Grosso do Sul, this study aimed to provide a database for planning
conservation initiatives and management for the species and their habitats in this biome and adjacent
ecosystems.

2. MATERIALS AND METHODS

2.1 Study Area

This study was conducted in an fragment of 83 hectares inserted in the Savannah (Cerrado) biome,
existing in the municipality of Dois Irmaos do Buriti, Mato Grosso do Sul, on the EstanciaCrioula
Farm, at the following geographic coordinates: 55°32'5,778 "W 20°31'13,598" S Zone 21 South,
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WGS84). This area is part of the Serra de Maracaji range, which divides the state of Mato Grosso

do Sul, separating the high plateau, to the east, from the wetland plains to the west, surrounded by
areas of planted pasture (Brachiaria brizantha cv. Marandu) and with a connection to the southeast
of the fragment, as shown in Fig 1.

55°32'30"W §5°32'15"W 55°32'0"W 55°31'45"W 55°31'30"W
3

20°32'0"S 20°31'45"S 20°31'30"S 20°31'15"S

20°32'15"S

-y
A

£ A8

Fig 1: High-resolution image of the Geoeye satellite, available in the ArcMap 10 database (ESRI®) (A)
Location of the state of Mato Grosso do Sul - Brazil; (B) Representation of the biomes inserted in the
state of Mato Grosso do Sul with a spot marking the location of the fragment within the state; (C)
Fragment of 83 ha surrounding the pasture area formed by submontane semi-deciduous seasonal forest
and gallery forest, inserted in EstinciaCrioula Farm — DoisIrmaos do Buriti - MS.

In the higher areas predominates arboreal vegetation of semi-deciduous submontane seasonal forest
and in the margins of the channels predominates forest of the gallery [41]. The topography of the
study area presents smooth undulating and flat relief, with dimensions ranging from 219 m to 316
m (data extracted from the Digital Elevation Model / Shuttle Radar Topography Mission 30 m). The
average height of the plant species that make up the area is 20 meters, consisting of species such as
jequitibds (Cariniana estrellensis), angicos (Anadenanthera macrocarpa), jatobads (Hymenaea
courbaril), copaibas (Copaifera langsdorffi) whose leaves are consumed throughout the year , figs
(Ficus sp), ipés (Tabebuia sp), which fruits and flowers are consumed by howler monkeys, among
others [50]. The analysis of the seasons was based on rainy season and dry season, the latter being
characterized by low rainfall and low temperatures and the rainy season the opposite, abundance of
rain and high temperatures [32]. For this analysis the data were grouped considering the months of
dry season June to September and rainy season the months of October to March. The
phytosociological survey was done by the fixed area sampling method, which takes into account the
size of the fragment (83 hectares) and vegetation structure, the plots method was used, and a total of
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80 plots of 10 x 10 meters were installed, distributed in blocks of 20 x 50 meters in different altitudes,

this measure allowed to sample a representative portion of the floristic structure of the study area
[34]. The inclusion criterion was for individuals with a chest height equal to or greater than 10 cm.
The botanical material was collected and identified according to APG-III. The calculations of the
phytosociological parameters were performed through the program Fitopac 2.1 [94].Samples were
collected from trees with perimeter at breast height (PBH) equal to or greater than 10 ¢cm, which
were dried in an oven for identification. The species were identified by the Specialists of Botanical
Collection of UFMS (Federal University of Mato Grosso do Sul, PhD Flavio Macedo Alves, PhD
Bruna Gardenal Fina and PhD Arnildo Pott).Although they do not get independent measures of
availability of resources, howler monkeys seem to consume the items that are part of their diet
according to availability for the seasons. The analysis of the seasonal pattern in the diet, increased
consumption of new leaves and fruits in the rainy season are in agreement with the productivity of
the period, which is characterized by a relative abundance of these items in other studies [35], [46],
[79], [101].

2.2 Study Group

The group size varies from 11 to 13animals: 3 adult males, 3 adult females, 1 subadult female, 3
juveniles males, 1 juvenile female, 1 infant male and 1 infant female. The distinction between sex-
age groups was carried out by the parameters: body size, coloration, behavior and genitals [11].
Activity Budgets and Diet

Behavioral data were collected between June 2012 and March 2013, with samples being taken on
five days per month, from dawn to dusk, totaling at least ten hours per day. Quantitative data were
collected using scan sampling method for 5 minutes with an interval of 10 minutes [6], [56]. The 10
months of observation generated 6873 behavioral records. We used a sampling scheme for 5 minutes
with an interval of 10 minutes between scans, similar to other studies with another Alouatta spp. The
monthly sampling effort was those according to [11], [38], [59], [60], [62], dedicated to five monthly
day, with period of 10 hours a day for observation and collecting behavioral data of members of the
study group. For the records of the activity budgets and diet was applied a protocol similar to other
studies with A. caraya [11], [52], [72], [87], [92].The scan samples, with five-minute scans with 10-
minute intervals for each member of the group visible during sampling in a maximum of five minute
were recorded: identity; its activity; the group member within a 10 m radius of the subject; its height
relative to the soil, your posture (sitting, lying down, grabbed, suspended by the tail and front legs,
suspended by the tail and hind legs, or bipedalism or quadrupedalism). The behavioral categories
that were used in this study, based on those used in accordance with [11], [38], [59], [62], were:
Moving - when animals to shifted during the record. Resting - subject standing, sitting or lying down,
with no apparent activity. Feeding - subject eating or chewing food items. Social Interactions - any
activity that involves peaceful interactions as grooming parasites, hugs, play behavior, or in some
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cases characterized by physical aggression or behavior, pushing, biting, throws or by displacement

of another individual due to simple arrival at the site of a dominant individual. Other Behaviors -
activities that do not fit into any of the above categories: solitary play, self-grooming, scratching,
drinking water. In each time of recording the behavior of animals, where it was observed feeding
behavior was recorded which consumed item (leaves, flowers, fruit) whenever possible, in terms of
plant species. When it was not possible in tree that was serving as feed point was marked with a
permanent identification to species level and later identified. Data were tabulated in a spreadsheet
organized by day, month and season (dry and rainy). For comparisons among animals, the data were
grouped by season. The differences between the seasons were analyzed using the binomial z test
[76], where as the significance level was a = 0.05 [56]. For the analysis of the general activity
budgets we used the data gathered during all the months of observation. However, within the context
surrounding the general pattern of activities of the study group, a seasonal analysis was based in the
rainy and dry period. Thus, for this analysis, data were grouped seasonally, dry season (from June
to September 2012) and rainy season (between October 2012 and March 2013). Diet composition
was calculated by dividing the number of records of each item by the total number of feeding records
collected during the study period. The items consumed were classified as leaves, fruits (mature and
immature) and flowers (buds and open).

3. RESULTS AND DISCUSSION

During the period from June/2012 to March/2013 were obtained 510 hours of direct observation of
the study group, 200 hours in the dry season and 310 in the rainy season. In total 6873 records of
behavior were obtained, and 39.9% (n=2739) records of resting, 26.4% (n=1815) of moving, 24.8%
(n=1707) at feeding, 6.3% (n=432) to social interactions and 2.6% (n= 180) in activities that do not
fit into any of the above categories. With a predominance of long periods of resting and low levels
of social interaction (Fig 2A).Among the seasons of the year, there were differences in the behavioral
categories in which a higher frequency in the handling behavior was observed in the dry season,
31%, n =793 (z = 5.65, p <0.05), social interaction 7.4%, n = 189 (z = 2.78, p <0.05) and other
behaviors 3.5%, n = 90 (z = 3.53, p<0.05). In the rainy season, resting behaviors were significant
41%,n=1767 (z=-1.93, p<0.05) and feeding 27.6%, n = 1189 (z = -5.92, p<0.05) (Fig 2B).
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Fig 2: A) Activity budgets and distribution of behavioral categories for Alouatta caraya group;
B)between seasons (dry and rainy) over the period June/2012 to March/2013 (n=6873 records) in semi-
deciduous submontane seasonal forest fragment in Savannah (Cerrado) biome.

In the phytosociological analysis 1396 individuals were sampled, belonging to 35 families and 95
species. The richest families were Fabaceae (21) and Rubiaceae (8), followed by Bignoniaceae,
Moraceae, Arecaceae and Sapindaceae with 4 species each. The species with the greatest number of
individuals were Protium heptaphyllum March (158), Coussarea hidrangeifolia (Benth.) Miill.Arg
(107), Casearia gossypiosperma Briq. (52), Eugenia sp. (45) and Trichilia pallida Swartz. (38).
There are species that are considered rare numerically but of great biological importance such as
Myracrodruon urundeuva All. (11), Copaifera langsdorfii Desf. (6), Anadenanthera colubrina
(Benth.) Von. Altschul (5), Cariniana estrellensis (Raddi) Kuntze (3), Magonia pubescens St.Hil.
(1), many of these species were part of the diet of the Alouatta group of this study over the 10 months
of observation. The Shannon index (H ') was 3.65 nats / individual and the equability index (J') was
0.80, showing high diversity and good distribution of individuals in the area. The total density was
1745 individuals per hectare and the total basal area was 21.65 m*/ ha, being these values considered
high, demonstrating the presence of many young individuals, which suggests area in regeneration.
In this study the group of Alouatta caraya used food items (leaves, flowers and fruits) of 72 plant
species classified in 30 families. The families with the highest number of species used by the black
howler monkeys were Fabaceae, Rubiaceae and Bignoniaceae. The diet group was of comprised of
leaves, fruit (mature and immature) and flowers (flower buds, and open) (Fig 3A). Leaf was the most
consumed food item (46.5%, n=794) throughout the study, followed by fruits (34.8%, n=594) and
flowers (17.8%, n=319).In the dry season, in spite of a shorter feeding time, there was a significant
consumption of flowers, 25.1%, n = 130 (z = 6.34, p <0.05) and leaves 58.7%, n =304 (z=4.86, p
<0.05). In the rainy season, fruit consumption was significant 42.8%, n = 510 (z = - 8.83, p <0.05)

in relation to the dry season, Fig 3B.
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Fig 3: A) Diet of Alouatta caraya group and frequency in the consumption of food items in semi-
deciduous submontane seasonal forest fragment in Savannah (Cerrado) biome; B) during seasons (dry
and rainy) from June 2012 to March 2013 (n = 1707 records).

The results of this study revealed activities patterns and feeding behavior typical of Alouatta genus,
however points to possible intra and inter specific differences, encouraging the idea of being made
more systematic research on the species in Savannah (Cerrado) environment. During the
observations of the study group, in the Estancia Crioula Farm monkeys spent 39.9% of their time
inactive, 24.8% feeding, 26.4% traveling, 6.3% in social activities, and 2.6% involved in other
miscellaneous behaviors. The study group maintained the typical pattern recorded for the genus,
with inactivity more frequent than other behaviors, usually associated with a highly folivorous diet.
For the standard of activity of the studied group of howler monkeys, the behavioral category
"resting" was more frequent, but it was smaller when compared to several studies carried out with
the same species and in a nearby region such as [72], in the municipality of Terenos - MS within the
Savannah (Cerrado) biome, where the "resting" category was 50.9% and the work of [86] in the
region of Aquidauana (Savannah (Cerrado)-Pantanal) where rest had a frequency of 64.7% and
others of the genus, such as Alouatta caraya [106], where the rest recorded 77.4% and we can
mention other species as Alouatta palliata (57%) observed by [105], Alouatta belzebul (58.7%)
observed by [75] and Alouatta guariba (71.8%) observed by [59]. In most cases, the howlers
Alouatta spp. spend less than 10% of their time traveling, and rarely more than 20%, although [105]
reported a very high value (27.4%) for Alouatta palliata. However, the time budget is very similar
in terms of time spent in traveling (26,4%), the value is similar of that obtained for A. caraya (29.9%)
living in gallery forests in Terenos (MS) [72], the highest value recorded for a species of the genus
[29], and to the others groups of the A. caraya (25.4%) studied in central part of Aquidauana (MS)
[68] and in Alegrete (Rio Grande do Sul, Brazil) with 23.4% of their time traveling [80]. In the
southern geographic distribution of A. caraya, [106] showed a value of only 2.4% while [11]
registered 17.1%. We proposed the hypothesis in which the activity budgets of the members of the
study group would vary according to the temporal distribution of the main items of their diet, leaves,
fruits and flowers. For the study group, it was assumed that variations in the temporal distribution
of the major food resources, leaves, fruits and flowers, directly influence their behavioral strategies.
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In this context, the basic hypothesis is that the patterns of activities vary systematically between

climatic seasons. More specifically, in the period of greatest food short ages, the dry season it was
expected that: (a): the animals spend less time in locomotion behavior, and more time to resting and
to social interactions; and (b): the composition of the diet would change significantly between
seasons. The analysis confirmed this hypothesis in part, the results of the main activities correlated
with the seasons indicated that the social behavior and the displacement along the living area were
higher during the dry season and that the group members spent significantly more time resting and
feeding in the rainy season. The howlers maintain the proportion of time for activities in different
seasons, but this does not mean that the total times allocated are the same. They respond to seasonal,
generally by altering the activity period. This is evident, for example, at resting and sleep. In the
rainy it was higher than the dry season, a difference that may be have to do with the extended
temporal dimension of rainy season. The resting tends to be higher in the middle of the day, in periods
where temperatures are relatively higher in warmer seasons (rainy seasons) and during longer
periods when temperatures are low, in colder seasons (dry seasons). The high rates of resting for
Alouatta spp may be related to a strategy for minimizing energy expenditure, considering the
standard folivory in the diet of these animals, i.e., high rates of inactivity seem to be a compensation
(trade-off) for feeding behavior based on poor resources [13], [62], [69]. But it is not the case of the
study group since the rest was higher in the rainy season where fruit consumption was significant
and is considered a rich resource in energy. The number of 72 plant species classified in 30 families
used by Alouatta caraya group of this study is higher than that found in other studies with another
species, how with Alouatta guariba in Atlantic Forest as in the study of [23]reports that 68 species
consumed in semi-deciduous forest in Santa Genebra, Campinas, Sdo Paulo state and [2] observed
49 species of plants in the diet of 4. guariba in northern Parana state, both in semi-deciduous forest
ecosystems. Probably the number found in this study is higher because in addition to having plant
species characteristic of semi-deciduous forest, has typical plant species of tropical rainforest
environment, so, more humid environment, with large trees around 30 meters in height low loss of
leaves in the dry season which has its items used as food by black howler monkeys [57], [59].To
obtain a satisfactory amount of food, primates have to deal in their foraging behavior, with the space-
temporal features of the habitats that they occupy. Factors such as the spatial and temporal
distribution, quality and abundance of resources are identified as determinants of social organization
in primates, both in evolutionary level as at the level of immediate adjustments to the environment
[25], [30], [42], [62], [71]. Thus, herbivorous primates select their food resources based on the
nutritional return and amount of secondary compounds that each food item offers [70], [100], [ 104].
In this way they feed on items with low availability, but with a high energy return, and when they
become scarce in the environment, they change to a diet of items with less energy and widely
distributed [40], [84], [ 104].Thus, some primates may spend more time locomotion in periods of low
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availability of energy foods, in order to find enough of these resources to compose their diet [21],

[89], [103]. Others, in turn, may adopt the opposite strategy and move to shorter distances in times
of short age [30] or increase rest time [95] in order to reduce the energy expenditure [35], [63],
[90].The folivory is strongly associated with the animal's body size, which together, influence the
sizes groups and in this home range and core areas of these neotropical primates, as is the case in
the species of the Alouatta genus [2], [12], [16], [20], [23], [25], [36], [60], [61], [62], [69], [105]
and the species of Brachyteles genus [19], [86], [98], [102]. The diet of howlers is a reflection of
basic needs determined by body size, anatomical specializations (size and structure of the
gastrointestinal tract) and the ability to switch large periods of resting. These adaptations make the
howlers able to draw energy from food theoretically lower energy content, where the leaves [11],[22],
[39], [59], [62] in this case leaves reflect of certain basic needs. In general there is a predominance
of leaves in the diet, found they eating leaves in a ratio greater than others items. But this
characteristic in the diet does not think that the leaves are only the most important goal of the
foraging behavior of howlers, fruit, a more energetic item, seems to have a preponderant role in the
diet of most species where the fruits were in abundance in rainy seasons (see examples [75] 4.
belzebul, [76], [78] A. discolor, [53] A. caraya). For the study group, the diet consisted
predominantly by plant material, especially leaves, a pattern typical of the genus Alouatta spp. [29].
The use of leaves had a relatively similar diet of the study with A. caraya in a similar region [72]
and close to the other studies related to howler monkeys that average around 56.4%, including A.
caraya [11], [17], [53], [87], [105], [107]. Fruit and fruit consumption were relatively large, fruit
consumption (34.8%) was similar to the group studied in Terenos [72] (35.5%) and superior to the
A. caraya group studied by [86] in Aquidauana (Savannah (Cerrado)-Pantanal) which was 8.2%.
Flowers were resources appreciated in the dry season and their consumption was higher (17.8%)
than in other groups of 4. caraya [106] (2.2%), [11] (2.7%) and slightly above the studies carried
out in the region (14.9% [86], 12.9% [72].In the case of howlers, the analysis of the seasonal pattern
in the diet, demonstrated that there was an increased on consumption of the fruits (42.8%) in the
rainy season and flowers in dry season (25.1%). The frugivory was marked during the rainy season
(42.8%) when compared to dry (16.2%). Despite that not obtain independent measures of resource
availability, howlers seem to consume these items according to availability for the seasons. The
analysis of the seasonal pattern in the diet, increased consumption of the new leaves in the rainy
season is in accordance with the productivity of the period [35], [46], [101], the same can be said of
the consumption of fruits, since this period is characterized by a relative abundance of fruit in the
majority of the other study sites [79]. A similar pattern can be seen in case of leaves, where folivory
predominates in most but not all species of the genus, we can mention A. belzebul [16] where it had
13.3% of leaf consumption and 59% of fruits, [76] 24.8% of leaves and 55.6% of fruits. Regarding
seasonal differences, howler monkeys are capable of adjusting to the availability of resources, the
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consumption of leaves is not balanced between seasons (58.7% and 41.2% in the dry and rainy

seasons respectively), leaf consumption was significant in the dry season but flowers and fruits are
consumed according to availability station, fruits in rainy and flowers in dry season. The climatic
seasons, of course, differ in photoperiod and temperature as both variables are smaller in dry season.
Thus, for efficiency, assuming that the animals were defending a minimum consumption of food,
they should move in the season more frequently with less time available, in this case, the dry. Thus,
animals should be more efficient in dry season. There is a great tendency in this direction, howlers
are moving more and engaging in food major shifts. The highest consumption of leaves and reduced
folivory of reproductive plant parts such as flowers and partly fruits, recorded for the study group
compared to other populations of A. caraya, located in southern Brazil (60.9% leaves, 28.9% fruits
and 2.7 flowers [11], and northern Argentina (74.2% leaves, 23.6% fruits and 2.2 % flowers [106],
[107]), would be consistent with this hypothesis, the intra specific level when the availability of
fruits is significant directs their efforts in diet for the consumption of this item [72]. For example,
the diet of the red-handed howlers (4. discolor) [79] have complements the high frugivory observed
in A. belzebul [76]. Although intra specific variation in howler diets is high and new studies with
highly folivorous species have shown higher frugivory, A. belzebul seems to be the most consistently
frugivorous howler species [76], in spite of its wide geographic distribution and sympatry with Ateles
chamek, a highly frugivorous primate [79]. Also, reduced by resting periods would be consistent
with a diet frugivorous [26], [57], [59], as observed in other atelidae such as Ateles spp. [21], [29]
and Brachyteles spp. [97], [99], although such behavior patterns for black howler monkeys, 4.
caraya require that these interpretations are made with some caution when considering the possible
influence of methodological issues described above. According [78] howler studies evidence great
variation of dietary specific richness, mostly due to differences in vegetation richness among habitats
and study duration, and confirms high frugivory for several primate species commonly exhibit
dietary changes following seasonal variation in fruit availability [62], [73], [87], [97], [99], [103].
Therefore, is expected that howlers would consume less fruit in the dry season in Savannah (Cerrado)
biome [10], [35], [46], [101], when there is a shortage of fruit production, the same seems to be the
norm in other biomes as Amazon [75], [76], [77], [79], [93], [103], and Atlantic forest [74], [85],
[91], [97], [99]. Nevertheless, this analysis indicates clearly that a more systematic approach is
needed for the comparative analysis of different studies, one which should include the
standardization of sampling procedures, the age-sex composition of study groups, and the study
period, all of which may influence recorded values considerably. In Alouatta, there is often as much
variation within species as there is between species. In addition to possible methodological issues,
differences may reflect the influence of site (habitats and biomes, for example) at the population
level [4], or even individual factors, making identification almost impossible at inter specific patterns
[72]. It seems possible that methodological factors may be less important here, and indeed, there
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seems to be much less intra specific variation [72]. Overall, folivory seems to be more pronounced

in populations at higher latitudes, especially those of species howler monkeys that 4. guariba [64]
and A. caraya [3], compared with species whose populations are located closer to the equator in the
Amazon region, such as 4. belzebul [77], A. seniculus [44] and A. discolor [78], [79]. This may
reflect both productivity levels [3] and, especially, the less pronounced seasonality of the equatorial
ecosystems [72]. There is a complex picture on the current understanding of the effects of habitat
fragmentation and disturbance on species of the genus Alouatta that are among the most studied
neotropical primates [29] due to their ability to persist in fragmented and disturbed habitats,
including large and small fragments where other primate species cannot survive [24], [33], [51].
According to [8] in a review carried out on populations of A. caraya, A. guariba, A. palliata, A. pigra
and A. seniculus indicate that fragment size is an important factor that negatively affects the presence,
the abundance and persistence of populations of howler monkeys in fragmented habitats. Among
other factors, the success of howler monkeys to deal with habitat disturbance has been related to
their ability to (1) feed on different plant species and adapt their diet to species available in the
habitat ex. [78], [88] (2) to increase the amount of leaves in their diet [9], [43], [89], (3) to consume
exotic species [12], (4) use small residential areas [33], [51] and (5) use activity budgets of energy
saving [63].Although the pattern of activities is within the expected range for the species, the
"resting" behavior is below the rates recorded for the same species and others of the genus, this
probably reflects the demand for resources, which justifies feeding and displacement behaviors
above found for the howler monkeys, in front of these data it is noticed the necessity of
phytochemical studies on the items consumed in submontane semi-deciduous seasonal forest
environment inserted in Savannah (Cerrado) biome to know the selection criterion on the items that
make up the diet of these primates, since a nutrient balance approach provides a strong framework
for large-scale analyzes of foraging decisions and choice of fragments, helping to explain how the
spatial distribution of nutrients in the fragment, habitat, and landscape level affect feeding, foraging
and travel decisions of individuals and their living standards rupture (for example, [18], [66]).

4. CONCLUSION

In general, we conclude that food choice and nutrient balance and prioritization may be less linked
to a specific dietary emphasis, but a response to the specific fragment characteristics such as the
nutritional composition of the food available, the presence / absence of basic food species (that is,
resources that are available annually, Lambert and Rothman, 2015), and the intensity of fluctuations
in resource availability. For example, regardless of primate species, food selection toward protein
rich resources is most evident in places where the protein concentration in the environment is low
or during periods of protein shortage [37]. The use of a nutritionally explicit model can direct
effective conservation by identifying the nutritional requirements of a particular species, and thus
properly regenerating, protecting and / or expanding a diverse set of fragments and foods that offer
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the opportunity for a balanced nutritional diet. Finally, we highlight that the Savannah (Cerrado)

biome is a domain which has been deforested at a very high rate and may be extinct soon [54] that

is the reason why the conservation of the species which inhabit it is so important.
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