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SHORT COMMUNICATION

Use of boat surveys to provide complementary data on the ecology of 
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Abstract Here we present new data on relative abundance and diet of Bradypus tridactylus Linnaeus, 1758 
resulting from 2,505 km of river based surveys conducted in northern Amazonia. Our sampling effort using 
a motorized boat provided a low number of B. tridactylus detections (n = 4, relative abundance of 0.02 indi-
viduals/10 km surveyed). Our observations provide the first record of Parkia velutina Benoist (Legumino-
sae – Mimosoideae) consumption for B. tridactylus. We contribute with recommendations of standardized 
complementary survey techniques that can be used to provide data on relative abundance of arboreal mam-
mals such as sloths in tropical forests. 
Keywords: Amazonia, Bradypus tridactylus, diet, relative abundance, sloths

Uso de levantamentos em barcos motorizados para fornecer dados complementares sobre a ecologia de Brady-
pus tridactylus (Pilosa: Bradypodidae) na Amazônia Oriental

Resumo Neste estudo apresentamos novos dados sobre a abundância relativa de Bradypus tridactylus Lin-
naeus, 1758 e de sua dieta, obtidos a partir de observações realizadas em 2505 km ao longo de rios no norte 
da Amazônia. O esforço amostral utilizando um barco motorizado resultou em um baixo número de de-
tecções de B. tridactylus (n = 4, abundância relativa de 0,02 indivíduos/10 km percorridos). As observações 
forneceram o primeiro registro do consumo de Parkia velutina Benoist (Leguminosae – Mimosoideae) para 
B. tridactylus. Nós apresentamos informações de técnicas de amostragem padronizadas e complementa-
res que podem fornecer dados sobre abundância de mamíferos arbóreos em florestas tropicais, como as 
preguiças. 
Palavras-chave: abundância relativa, Amazônia, Bradypus tridactylus, dieta, preguiças

Sloths are folivorous, arboreal mammals that 
are currently classified in the order Pilosa and subor-
der Folivora (Wilson & Reeder, 2005). Despite their 
wide distribution across Neotropical forests, few 
studies describe the ecology and behavior of sloths 
(but see Carvalho, 1960; Montgomery & Sunquist, 
1975; Queiroz, 1995; Chiarello, 1998; Taube et al., 

1999; Taube et al., 2001; Bezerra et al., 2008; Cassano 
et al., 2011). One reason for this relative scarcity of 
information is the difficulty human observers expe-
rience in detecting sloths that often remain station-
ary and obscured from vision in the forest canopy 
(Brattstrom, 1966).
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Bradypus tridactylus, the pale-throated three-
toed sloth, occurs in the northern Neotropics in 
Venezuela, Guyana, Suriname, French Guiana, and 
northeastern Brazil from the delta of the Orinoco 
River to north of the Amazon River and east of Negro 
River (Hayssen, 2009; Moraes-Barros et al., 2010; 
Chiarello & Moraes-Barros, 2011). Due to the cam-
ouflage provided by the pelage color of B. tridactylus 
(Hayssen, 2009) and the general behavior of moving 
very slowly in trees, thus avoiding predation largely 
by preventing detection (Brattstrom, 1966) it is dif-
ficult to discern B. tridactylus during terrestrial field 
surveys (e.g., line-transect census). Thus, the major-
ity of studies available for B. tridactylus come from 
captivity and museum specimens and have focused 
on physiology, metabolism, morphology, and mo-
lecular phylogeny (Foley et al., 1995; Gilmore et al., 
2000; Green, 2009; Moraes-Barros et al., 2011). 

Studies reporting abundance and density es-
timates of B. tridactylus are scarce. For example, in 
a total line transect census effort of 1,739.6 km in 
the southern Amazonia, sloths were not detected 
(Michalski & Peres, 2007) and only three observations 
of B. tridactylus were made during 2,192 km of census 
in Varzea and Terra Firme forests in central-western 
Amazonia (Haugaasen & Peres, 2005). Density esti-
mates were reported from Guyana (31 individuals/
km2) (Beebe, 1926) and from a rescue operation in 
French Guiana (Taube et al., 1999). From this rescue 
operation Taube et al. (1999) provide a density esti-
mate considering the entire study area (1.7 individu-
als/km2) and a corrected estimate considering only 
the area surveyed (9.0 individuals/km2). 

Additionally, behavioral data are also lack-
ing for this species. For example, there is only one 
study with observations on the diet of this species 
that was conducted in an urban park in Pará, Brazil 
(Carvalho, 1960). Currently, most of the knowledge 
on the behavior of B. tridactylus is inferred from its 
Amazonian congener B. variegatus (Emmons & Feer, 
1997), which is considered to have similar biology 
and behavior (Eisenberg & Redford, 1999). 

In this study, we present new information on 
the relative abundance and diet of B. tridactylus ob-
served along waterways in a continuous forest area 
in northern Amazonia. We also contribute with dis-
cussion of standardized survey techniques that can 
be used to complement ecological studies of sloths. 

The study was conducted around the Floresta 
Nacional do Amapá (FLONA), a protected area of 
412,000 ha designated for sustainable use, located in 
northern Amazonia (0°55’29’’N, 51°35’45’’W; Fig. 1). 
FLONA is adjacent to continuous undisturbed for-
ests and maintains the complete community of me-
dium and large bodied vertebrates. This protected 
area experiences low levels of anthropogenic per-
turbations (e.g. subsistence hunting), in part because 

only thirteen families live on the reserve border, 
and the nearest city is located 46 km away by river 
(Brandão & Silva, 2008). 

From March 2011 to February 2012 we con-
ducted surveys of mid to large bodied vertebrates 
along waterways (Araguari and Falsino Rivers) in 
a motorized boat using a standardized boat census 
protocol (Pitman et al., 2011). To optimize detections 
the boat was piloted along the center of the rivers 
at a low speed (mean velocity ± SD = 11.9 ± 3.3 km/h, 
range = 3–20). At least three observers (range = 3–5) 
searched for vertebrates in the river (aquatic spe-
cies), on the border of the river (terrestrial species), 
and along the tree line / canopy (arboreal species), 
with the help of binoculars. To avoid detection bias 
due to differences in observer experience, all field 
surveys were conducted with a local field assistant 
who had lived for more than 30 years in the study 
area and was trained to identify vertebrates, and one 
researcher with a minimum of 6 years experience 
with Neotropical vertebrate censuses. All censuses 
took place in rainless weather during the morning 
(08:00–11:59 hr) or afternoon (13:00–18:00 hr). 

Here we present a subset of the data that pro-
vides information on the abundance and behavior of 
B. tridactylus. We analyzed boat census data in terms 
of individuals detected per 10 km travelled, which 
enables our data to be compared with other surveys 
in the Amazon (Haugaasen & Peres, 2005; Michalski 
& Peres, 2007; Pitman et al., 2011). 

In total, our census effort covered 2,505 km, 
including 1,677 km along the Araguari and 828 km 
along the Falsino rivers. Our sampling effort resulted 
in a low number of detections of B. tridactylus (n = 4), 
and a relative abundance of 0.02 individuals/10 km 
surveyed. Two B. tridactylus individuals were ob-
served on 10 July 2011, at the end of the rainy season, 
when the river water levels in the study area were 
still high. The other two B. tridactylus were observed 
during the dry season (02 and 15 November 2011), 
when the river water levels were lower. 

The first observation of a solitary B. tridacty-
lus occurred at 10:13 hr on 10 July 2011 along the 
Araguari River. The individual was observed eating 
leaves (Fig. 2) in the upper stratum of a low canopy 
tree at a height of 24 m (estimated visually from the 
boat at a perpendicular distance of 20 m). During 
the 12 min of observation the sloth was first seen at 
the upper stratum of the tree canopy, eating leaves, 
but after 3 min it descended and disappeared into 
the dense under canopy vegetation at a height of ca. 
15 m. This individual was identified as a male by 
the characteristic dorsal orange-yellow patch with 
a broad, tapering, black central streak and a black 
spot (Hayssen, 2009) (Fig. 2). The tree was identi-
fied as Parkia velutina (Leguminosae - Mimosoideae) 
(voucher deposited at the Instituto de Pesquisas 
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Científicas e Tecnológicas do Amapá – IEPA, 
Herbarium number: HAMAB-18234). 

The second observation occurred at 14:56 hr on 
10 July 2011. We observed another B. tridactylus indi-
vidual at the edge of the Araguari River supported 
between vines at a height of 0.5 m above the water 
line. We remained in the boat at a distance of ap-
proximately 15 m from the individual, which did 
not alter its behavior as a result of our presence. We 
observed this individual for a total of 7 min during 
which the animal climbed slowly through the vines 
until it disappeared into the forest. 

The third observation occurred at 14:11 hr on 
02 November 2011, when we observed a male B. tri-
dactylus swimming across the Araguari River in the 
direction of the protected area. We observed this 
individual for a total of 13 min during which the 
animal reached the river bank and climbed a canopy 
tree.

The fourth observation occurred at 12:23 hr on 
15 November 2011 along the Falsino River. We ob-
served another B. tridactylus male along the border 
of FLONA at a height of 20 m above the water line 
(estimated visually from the boat at a perpendicu-
lar distance of 12 m). This individual was climbing 
a canopy tree and after 8 min of observation disap-
peared into the dense canopy vegetation.

As far as we are aware this study is the first to 
provide information on the relative abundance and 
diet of B. tridactylus in a continuous forest area in the 
northern Amazonia. In general, density estimates 
for sloths vary greatly between studies, depending 
on forest type and census method, and it appears to 
be difficult to obtain reliable estimates of sloth den-
sities (Taube et al., 1999). 

The relative abundance of B. tridactylus detect-
ed in our study area was similar to those reported 
in unflooded (Terra Firme – 0.02 individuals/10 km 
transect), and slightly higher than the abundance 
in flooded forests (Varzea – 0.01 individuals/10 km 
transect) in central-western Amazonia (Haugaasen 
& Peres, 2005). However, these figures are likely 
underestimates due to limited visibility along tran-
sects. Our abundance estimate for the study area is 
also probably an underestimate. 

Wildlife rescue operations such as the one con-
ducted by Taube et al. (1999) will always provide 
a better estimate of sloth densities as the majority 
of animals are seen and rescued. Thus, animal re-
cords obtained from rescue operations will tend to 
be higher (Taube et al., 1999) than those observed 
on census surveys with no capture (Haugaasen & 
Peres, 2005; Michalski & Peres, 2007; Pitman et al., 
2011). However, due to their sporadic nature esti-
mates from rescue operations are unlikely to pro-
vide sufficient data for comparative analysis across 
Neotropical forests. 

Obtaining reliable abundance estimates for 
sloths is challenging and there is currently no single 
technique that can provide cost effective data for 
comparative studies. Line transect census is widely 
used to study arboreal species such as primates in 
the Neotropics (Peres, 1999). However, issues of de-
tectability mean that this technique is less effective 
for sloths. The majority of Amazon forests are acces-
sible by boat (Peres & Terborgh, 1995), and we sug-
gest that boat surveys should be used to complement 
more focused line transect and behavioral studies. 
Yet caution needs to be taken as results obtained by 

Figure 1. Location of the study region around the Floresta Na-
cional do Amapá (FLONA), state of Amapá, eastern 
Brazilian Amazon. Inset shows Legal Amazon (bold 
black line), and the polygon within the main figure 
shows the limits of FLONA. A Landsat TM image 
(226/59, 25 October 2009) shows locations of Bradypus 
tridactylus (red circles) detected via motorized boat 
surveys. Green, pink, and blue areas represent forest, 
non-forest, and open-water cover, respectively.

Figure 2. Male Bradypus tridactylus eating leaves of a Parkia ve-
lutina tree (Leguminosae: Mimosoideae) observed 
during boat surveys along the Araguari River on the 
border of the Floresta Nacional do Amapá (FLONA), 
state of Amapá, eastern Brazilian Amazon.
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boat surveys may tend to underestimate sloth abun-
dances and should therefore be used to complement 
other techniques.

Although boat surveys can cause potential bi-
ases by failing to detect species that avoid rivers, are 
difficult to observe due to cryptic behavior, and that 
are spooked by the noise of boats, the method has a 
high data-to-cost ratio and a high potential for long-
term monitoring. Additionally, this technique is ca-
pable of detecting a broad range of species, ranging 
from small cryptic (e.g., Saimiri boliviensis) to large 
bodied vertebrates (e.g., Panthera onca) (Pitman et 
al., 2011). A particular advantage of boat surveys 
compared with terrestrial forest survey techniques 
such as line transect census is that the canopy is vis-
ible. Such advantages combined with the fact that 
researchers often use boats to access Amazonian 
study areas means that standardized boat surveys 
have the potential to provide a cost effective source 
of complementary data on sloth ecology. 

As well as abundance estimates, our results 
show that boat surveys can also contribute with data 
on species natural history and behavior. We provid-
ed data on displacement (swimming) across rivers, 
which is a rarely documented behavior. We also pro-
vided the first observation on the consumption of 
leaves of the genus Parkia and the species P. velutina 
(Leguminosae – Mimosoideae) for B. tridactylus. The 
only previous description of the diet of wild B. tridac-
tylus comes from an urban park in Belém (Pará State, 
Brazil) where this species was recorded eating leaves 
of Hevea viridis Huber. (Euphorbiaceae), Elizabetha 
paraense Ducke. (Leguminosae – Mimosoideae), and 
Ceiba sumauma Schum. (Bombacaceae) (Carvalho, 
1960). In our study area, Leguminosae is the domi-
nant family accounting for 23.9% of the species sur-
veyed in a 1.9 ha forest plot (Pereira et al., 2007). Yet 
there are no studies available to enable insights into 
the relative generality or selectivity of B. tridactylus 
feeding patterns. 

Considering the lack of knowledge of this spe-
cies and other sloths there is clearly a need to imple-
ment complementary field techniques that can be 
incorporated into current studies with a minimal in-
crease in time and costs to improve the quantity and 
quality of existing data. This is especially true in re-
mote Amazonian areas where access for researchers 
is provided by boat travel and terrestrial census and 
trap studies are more expensive (Pitman et al., 2011). 

We suggest that by integrating boat surveys 
with existing survey techniques it may be possible 
to cost-effectively generate broad scale comparative 
data on the distribution and abundance of sloths 
across Amazonia. Boat surveys can be conducted by 
people from the local community trained to iden-
tify sloths and other vertebrate species (Danielsen 
et al., 2009). These people could combine the census 

technique with other activities (e.g., displacement to 
fish), thereby ameliorating the logistical constraints 
of time and money. This strategy could increase the 
number of sloths observed, sampling effort, and the 
data-to-cost ratio in long-term projects (Pitman et al., 
2011) as well as provide data on natural history of 
poorly studied sloth species. 
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