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1.  INTRODUCTION

The Amazonian manatee Trichechus inunguis is
one of the 4 species of the order Sirenia. It occurs in
freshwater only and is endemic to the Amazon basin
in Colombia, Ecuador, Peru and Brazil (Best 1982,
1983, Reynolds et al. 2018). Its main habitats include
rivers, lagoon systems and blackwater flooded plains,
preferring calm waters with abundant aquatic vege-
tation (Best 1982, 1983, Reeves et al. 1996). Due to the
anthropic threats the Amazonian manatee faces (e.g.
hunting and habitat loss), it has been categorized as
Vulnerable by the IUCN (Marmontel et al. 2016).
There have been few studies on the Amazonian man-

atee in its natural habitats due to its declining popula-
tion, elusive nature and the fact that it tends to spend
most of its life underwater (e.g. Best 1983, 1984,
Reynolds et al. 2018). This has also made it difficult to
create a reliable method to estimate population vari-
ables such as abundance and population density. On
the other hand, the aquatic habitats of the Amazonian
manatee constitute a challenge for studying the spe-
cies due to the dark color of the water, the amount of
sediments and poor visibility. Thus, traditional meth-
ods for manatee observation, including direct obser-
vation from boats or small planes, have not been suc-
cessful in the Amazon region. In this context,
side-scan sonar constitutes a method with great po-
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tential, as it has successfully detected other species of
manatees (Gonzalez-Socoloske et al. 2009, Gonzalez-
Socoloske & Olivera-Gomez 2012). With this method,
manatees can be detected in both clear waters (Gon-
zalez-Socoloske et al. 2009, Gonzalez-Socoloske &
Olivera-Gomez 2012) and black waters (Arévalo-
González et al. 2014, Castelblanco-Martínez et al.
2018) with a high detection rate, varying between 70
and 80% (Gonzalez-Socoloske et al. 2009).

In Ecuador, the Amazonian manatee can be found
in the northern areas of the Amazon region. Most
records of this species have been made in the lagoon
and river systems of the Cuyabeno and Lagarto
(Denkinger 2010, Utreras et al. 2013). The species
faces a series of threats in the country, such as hunt-
ing, habitat destruction and water pollution, and
therefore it is considered by the Ecuadorian govern-
ment to be critically endangered (Tirira 2011). How-
ever, the species has been poorly studied in Ecuador
(Timm et al. 1986, Denkinger 2010, Brice 2014), and
there is no information available to evaluate its true
current conservation status in the country. Under-
standing the conservation status of wildlife species,
as well as any changes in their population trends and
direct threats, is the basis for their management and
conservation (Gese 2001, Isasi-Catalá et al. 2016). To
this end, our main objective was to use side-scan
sonar to generate baseline information on encounter
rates, population density and occupancy of the Ama-
zonian manatee in 2 localities of the northern
Ecuadorian Amazon.

2.  MATERIALS AND METHODS

2.1.  Study area

Amazonian manatees Trichechus
inunguis were surveyed in 2 localities
of the Ecuadorian Amazon, in the
provinces of Sucumbíos and Orellana
(Fig. 1). The first survey site was the
lower Yasuní River, in the lagoons of
Tambococha and Jatuncocha (0° 59’
39.3’’ S, 75° 26’ 46.99’’ W), in Yasuní
National Park. Both sites are typical
blackwater lakes with low  sediment
and nutrient contents, especially ni -
trogen (Asanza 1985). The second sur-
vey site was the La garto River (0° 38’
43.22’’ S, 75° 14’ 28.93’’ W), located a -
long the eastern section of Cuyabeno
Wildlife Reserve, at the border be -

tween Ecuador and Peru. The Lagarto River consists
of a series of black water lagoons, with small amounts
of suspended  sediments (Sierra 1999). Both survey
sites are surrounded by blackwater-flooded forests,
terra firme forests and tall flooded grasslands (Sierra
1999, Galacatos et al. 2004). Although precipitation
occurs throughout the year, the dry season is usually
between November and late February, while the
rainy season is between April and July (Asanza 1985,
Arroba Benítez 2011). The average annual tempera-
ture is 25°C, total annual rainfall reaches 3000 mm
and relative humidity exceeds 90% (Pourrut &
Pouyaud 1995).

2.2.  Manatee sampling

In each of the 2 localities, surveys were carried out
along rivers and in lagoons. Three surveys were car-
ried out (over 5 consecutive days) in September 2016,
January 2017 and November 2017. To significantly
increase detectability rates, we used a fish finder
side-scan sonar (Humminbird 999 ci HD, https://
www.humminbird.com/) powered by a 12 V car bat-
tery. The sonar uses sound waves to locate and
define structure, bottom contour, bed composition
and water depth; it releases sound wave signals both
sideways and vertically from the canoe, determining
distance by measuring the time between the trans-
mission wave and when the sound wave is reflected
off an object, and then uses the reflected signal to

Fig. 1. Study area in the northern Ecuadorian Amazon. The location of human
settlements, protected areas in Ecuador and Peru, Tambococha-Jatuncocha 

and the Lagarto River are shown
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interpret location, size and composition of objects.
The sonar has a quad-beam system equipped with 2
lateral beams working at a frequency of 455 kHz at
an angle of 86° and 2 vertical beams working at fre-
quencies of 200 kHz at an angle of 20° and 83 kHz at
an angle of 60° (Humminbird 2014). The frequency of
the sounds emitted by the sonar is well above the
hearing range of manatees, which varies between
6 and 20 kHz (Gerstein et al. 1999, Gonzalez-
Socoloske & Olivera-Gomez 2012), causing no nega-
tive impact on the species. The sonar has a high man-
atee detection rate (>80%), which makes it an
effective tool to study the species (Gonzalez-
Socoloske & Olivera-Gomez 2012). Five 10 km tran-
sects were established at the Lagarto River, and 3
transects (of the same length) were established at
Tambococha-Jatuncocha. Each transect was divided
into 4 segments of 2.5 km. The minimum separation
between transects was 2.25 km (Fig. S1 in the
 Supplement at www. int-res. com/ articles/ suppl/ n044
p105 _ supp. pdf). We navigated each transect on 3 dif-
ferent occasions during each visit to the 2 localities.
For the best acoustic images, we navigated upriver in
a small canoe (10 m long) at an average speed of
7 km h−1, travelling through the middle of the water
body in rivers and following a zigzag pattern (also
along the edges) in lagoons. Surveys took place
between 05:00−12:00 and 14:00−18:00 h. During the
surveys we also collected data on water depth and
the location of flooded grasslands.

2.3.  Manatee identification

We identified images of Amazonian manatee indi-
viduals following the recommendations provided by
Gonzalez-Socoloske et al. (2009), taking into consid-
eration their reflectivity, position, shadow and size.
We verified our identifications of the species with the
aid of 9 experts on manatees and sonar data (see
‘Acknowledgements’). HumViewer v.86 free soft-
ware (http://humviewer.cm-johansen.dk/) was used
for manatee identification.

2.4.  Estimation of encounter rates and 
population density

Encounter rates and 95% CIs of Amazonian
manatees were estimated for every survey period
and site using the number of Amazonian manatee
records for every 10 km of survey effort. We con-
sidered each transect as the replicate unit for

analysis (Carrillo et al. 2000, Reyna-Hurtado &
Tanner 2005). To estimate population density, for
each Amazonian manatee record, we measured
the radial distance and angle of observation using
HumViewer v.86 software. Although the detection
function was derived from data from both survey
sites to improve estimation, population density for
the species was estimated independently for the 2
survey sites using Distance 7.0 software. Population
densities were estimated by applying uniform and
half-normal key functions and cosine or simple
polynomial adjustment terms as needed (Buckland
et al. 2001, Thomas et al. 2010). Goodness-of-fit
tests were used to assess whether assumptions of
distance surveys were violated. In addition, we
used Akaike’s information criterion to choose the
best model, considering model adjustment for dis-
tances nearing zero, as such distances provide
more accurate population density estimations (Buck -
land et al. 2001).

2.5.  Estimation of occupancy rates

Estimations of occupancy (ψ) and detection (p)
probability for the Amazonian manatee were based
on data from the first surveys carried out in Septem-
ber 2016. We created 2 capture histories, one for each
survey site (MacKenzie et al. 2002), and applied
 single-species, single-season occupancy models
(MacKenzie et al. 2002, 2006). We modeled occu-
pancy with 3 site and 3 sampling covariables
(Table 1; MacKenzie et al. 2002, 2006). Occupancy
was modeled as a function of spatial heterogeneity
found in each 2.5 km segment: (1) distance to the
river mouth (D_RIV), measured as the Euclidean dis-
tance (m) from the center of every segment to the
point where the Lagarto River flows into the
Aguarico River and the Yasuní River flows into the
Napo River; (2) distance to settlements (D_SET),
measured as the Euclidean distance (m) from the
center of every segment to the nearest settlement
(the communities of Mañoko-Daripë for the Lagarto
River and Nuevo Rocafuerte for Tambococha-Jatun-
cocha); and (3) area covered by flooded grassland
(km2) in a 1.5 km buffer from the center of every seg-
ment (GRASS). Flooded grasslands (Sierra 1999) are
a type of vegetation which can grow up to 3 m tall,
frequently occur as floating mats and are located at
the edges of rivers and lagoons. They contain abun-
dant organic compounds and are also one of the main
sources of food for the Amazonian manatee (Timm et
al. 1986, Tirira 2017).

http://www.int-res.com/articles/suppl/n044p105_supp.pdf
http://www.int-res.com/articles/suppl/n044p105_supp.pdf
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On the other hand, detectability was modeled as a
function of (1) water depth (DEPTH), measured as
the average depth level (m) in every 2.5 km segment;
(2) lagoon or river (LAG_RIV), a categorical variable
which indicates whether the center of every segment
was located in either a lagoon or a river; and (3) dis-
tance to the nearest food patch (D_FOOD), measured
as the Euclidean distance (m) from the center of
every segment to the nearest flooded grassland
patch.

Site and sampling covariables were measured from
existing GIS layers on ArcGIS Desktop 10.7. Occu-
pancy modeling was performed with Presence 12.0
software (Hines 2018).We modeled detection proba-
bility using the global model of occupancy, and the
best detection models were used for modeling occu-
pancy. For detectability and occupancy, we included
an intercept model with no covariates among the set
of candidate models, and for both survey sites, we
constructed occupancy models with all single covari-
ables. Values of Akaike’s information criterion, cor-
rected for small sample size, were used to rank can-
didate models (Burnham & Anderson 2002). We
calculated average occupancy and 95% CIs from the
individual occupancy values in both survey sites (n =
12, Tambococha-Jatuncocha; n = 20, Lagarto River).
We assessed the fit of our global models with a good-
ness-of-fit test based on the Pearson χ2 statistic and
bootstrapping (MacKenzie & Bailey 2004).

3.  RESULTS

3.1.  Encounter rates and population density

With a sampling effort of 573 km, we obtained an
encounter rate of 0.97 records 10 km−1 (95% CI =
±0.19) in Tambococha-Jatuncocha and 0.84 records
10 km−1 (95% CI = ±0.28) in the Lagarto River. In
Tambococha-Jatuncocha, there were no significant
differences in encounter rates between survey peri-

ods. In the Lagarto River, on the other hand, there
were significant differences between survey periods
(Fig. 2). Also, there were no significant differences in
encounter rates between the 2 survey sites (Fig. 2).

The estimated population density for the Amazon-
ian manatee Trichechus inunguis in Tambococha-
Jatuncocha was 1.09 ind. km−2 (95% CI = 0.83−1.45;
coefficient of variation [CV] = 13.35%), and for the
Lagarto River, the population density was 0.94 ind.
km−2 (95% CI = 0.68−1.29; CV = 15.91%). The detec-
tion function shows that detectability of the Amazon-
ian manatee was greater between 5 and 10 m from
the transect line (canoe), dropping off at 15 m (Fig. 3).

3.2.  Occupancy and detectability models

No single model fully explained the observed
patterns for Amazonian manatees. As a result, we
model averaged across all candidate models to

Covariate Para-      Acronym    A priori prediction
description meter

Distance to river mouth ψ (m)        D_RIV      Occupancy rates are higher farther from the river mouth
Distance to human settlements ψ (m)       D_SET      Occupancy rates are higher farther from human settlements
Area covered by flooded grassland ψ (km2)   GRASS     Occupancy rates are higher in areas covered with flooded grassland
Water depth p (m)       DEPTH     Detectability rates are higher in deep water
Lagoon or river p            LAG_RIV   Detectability rates are lower in lagoons compared to rivers
Distance to nearest food patch p (m)      D_FOOD    Detectability rates are lower farther from the nearest food patch

Table 1. Description of site and sampling covariables used for modeling Amazonian manatee occupancy (ψ)and detection (p)

Fig. 2. Encounter rates of Amazonian manatees in 3 survey
periods in 2 localities of the Ecuadorian Amazon (error bars 

are 95% CIs)
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obtain estimates of occupancy and
detectability. Occupancy probability
for the Amazonian manatee was esti-
mated at 0.65 ± 0.21 (mean ± SE) for
Tambococha-Jatuncocha and 0.57 ±
0.22 for the Lagarto River. Detection
probability was estimated at 0.51 ±
0.07 for Tambococha-Jatuncocha and
0.48 ± 0.17 for the Lagarto River
(Table 2).

In Tambococha-Jatuncocha, we did
not find any significant effects of the
site covariables on the occupancy of
the Amazonian manatee. The null
model was the most parsimonious one,
followed by distance to settlements
(Table 3). For the Lagarto River, dis-
tance to settlements and area covered
by flooded grasslands had a significant effect on
occupancy of the Amazonian manatee (Table 3). Dis-
tance to settlements and distance to the river mouth
were positively associated with Amazonian manatee
presence in both survey sites (Table 4). However, the
relationship between occupancy and area covered
by flooded grasslands varied from one site to another,

showing a positive association in the Lagarto River
and a negative one in Tambococha-Jatuncocha
(Table 4).

Distance to settlements had a significant effect on
occupancy of Amazonian manatees in Tambococha-
Jatuncocha and the Lagarto River (cumulative model
weight, w+ = 0.32, β = 6.08, SE = 8.55 and w+ = 0.48,
β = 0.49, SE = 0.68, respectively). For Tambococha-
Jatuncocha, the models for global detection and dis-
tance to the closest food patch  had a basically iden-
tical weight, which suggests that both covariables
determined the detectability of Amazonian mana-
tees. We were unable to find a covariable which would
conclusively explain detectability of the species at
this site. In the Lagarto River, the detection probability
for the Amazonian manatee was determined by water
depth. The goodness-of-fit tests did not suggest any
lack of adjustment in the models for Tambococha-
Jatuncocha and the Lagarto River (χ2 = 12.69, p > 0.05,
ĉ = 1.5 and χ2 = 2.55, p > 0.05, ĉ = 0.26, respectively,
where ĉ is the overdispersion parameter).

Survey site ψ̂ SE CI p̂ SE CI

Tambococha- 0.65 0.21 0.12 0.51 0.07 0.031
Jatuncocha

Lagarto River 0.57 0.22 0.09 0.48 0.17 0.075

Table 2. Model-based parameter estimates of occupancy (ψ̂)
and detectability (p̂), including SEs and CIs (±95% CI) for
the Amazonian manatee in 2 localities of the Ecuadorian 

Amazon

Survey site Model k AICc ΔAICc wi

Tambococha- ψ (.) p(GLOBAL) 5 44.72 0.00 0.33
Jatuncocha ψ (D_SET) p(GLOBAL) 6 44.87 0.15 0.31

ψ (GRASS) p(GLOBAL) 6 45.96 1.24 0.18
ψ (D_RIV) p(GLOBAL) 6 46.01 1.29 0.17
ψ (GLOBAL) p(GLOBAL) 7 52.07 7.35 0.01

Lagarto River ψ (D_SET) p(DEPTH) 4 62.70 0.00 0.47
ψ (GRASS) p(DEPTH) 4 62.76 0.06 0.45
ψ (.) p(DEPTH) 3 67.10 4.40 0.05
ψ (D_RIV) p(DEPTH) 4 69.10 6.40 0.02
ψ (GLOBAL) p(DEPTH) 6 70.84 8.14 0.01

Table 3. Occupancy models for the Amazonian manatee in 2 localities of the
Ecuadorian Amazon. D_SET: distance to human settlements; GRASS: area
covered by flooded forest; D_RIV: distance to the river mouth; DEPTH: water
depth. AICc: Akaike’s information criterion, corrected for small sample size; 

k: number of parameters; wi: Akaike weights

Fig. 3. Amazonian manatee records (n = 51) by perpendicu-
lar distance from the line transect and fit of the uniform
model used to estimate the detection function, showing
the probability of detecting an Amazonian manatee as a 

function of distance from the transect line

Survey site Covariable β SE

Tambococha- ψ (D_SET) 6.08 8.55
Jatuncocha ψ (GRASS) −0.97 1.20

ψ (D_RIV) 2.08 3.26
Lagarto River ψ (D_SET) 0.49 0.68

ψ (GRASS) 0.44 0.59
ψ (D_RIV) 0.02 0.67

Table 4. Estimated β coefficient values and SEs for covari-
ables influencing probabilities of Amazonian manatee occu-
pancy in 2 localities of the Ecuadorian Amazon. D_SET: dis-
tance to human settlements; GRASS: area covered by 

flooded forest; D_RIV: distance to the river mouth
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4.  DISCUSSION

The Amazonian manatee Trichechus inunguis is a
rare, elusive and cryptic species (Best 1982, 1983,
Timm et al. 1986, Rosas 1994, Denkinger 2010, De
Souza 2015, Reynolds et al. 2018). Side-scan sonar
has proven to be an effective tool for studying Ama-
zonian manatees in Ecuador, with an estimated
detection probability of ~0.50, occupancy estimates
of ~0.61 and number of detection events of 51. Al -
though this study was designed for Amazonian man-
atees, side-scan sonar is applied much more broadly,
including in population surveys of other Amazonian
aquatic vertebrates (e.g. pirarucú, caimans), identifi-
cation of fish spawning beds and habitat mapping
(Kaeser & Litts 2010, Flowers & Hightower 2013,
Yamasaki et al. 2017, Fleming et al. 2018).

The occupancy and population density estimates for
the Amazonian manatee reported here are the first for
the western Amazon. Encounter rates of Amazonian
manatees in the study area (0.08−0.09 records km−1)
were similar to those reported in a previous effort in the
same area using side-scan sonar (0.09−0.15 records
km−1; Brice 2014) and lower than encounter rates for
the Pacaya River (0.2−0.4 records km−1; Reeves et al.
1996). In terms of estimations of population density,
data for the Amazonian manatee is still scarce. Our
 estimations of population density (0.94− 1.09 ind. km−2)
are significantly lower than those reported for Lago
Amanã in Brazil (3.8−7.40 ind. km−2; Best 1983). These
differences might be the result of different survey
methodologies (Gonzalez-Socoloske & Olivera-Gomez
2012, Arévalo-González et al. 2014), gradients of
 human activities (Domning 1982, Rosas 1994, Jiménez
2002, Gonzalez-Socoloske 2007, Mayaka et al. 2013) or
different ecological and biogeographical conditions
throughout the range of the species (Gaston 2003,
 Arraut et al. 2010, Satizábal et al. 2012).

Classifying the conservation status of threatened
species using tools such as the IUCN Red List
(https:// www.iucnredlist.org/) is a critical step for
identifying species at risk of extinction and for plan-
ning conservation actions at different scales (from
global to subnational levels). The Amazonian mana-
tee, according to the IUCN, is considered a Vulnera-
ble species (Marmontel et al. 2016). However, the
lack of a reliable method to determine abundance
and population density has precluded a robust eval-
uation following Criteria A and E (IUCN 2012). Both
criteria (A: reduction in population size; and E: quan-
titative analysis of probability of extinction) depend
on robust estimations of population size as input for
monitoring programs and population viability analy-

ses. In Ecuador, a country with unstructured and spa-
tially limited monitoring schemes and limited conser-
vation resources, these data requirements have
proved challenging to obtain for most species and
have led to uncertainties in decision making. In this
context, the use of side-scan sonar (coupled with
occupancy and distance models) for monitoring
Amazonian manatee populations might represent a
game changer for the conservation of this species.

As a result of hunting, the present population size
of the Amazonian manatee in the study area is
believed to be significantly smaller than it was in the
past (Timm et al. 1986, Denkinger 2010). However,
we lack quantitative evidence to confirm this state-
ment. The population estimations for the Amazonian
manatee presented here represent a robust baseline
for monitoring population trends in the long term and
a standard for measuring the impacts of human activ-
ities and the effectiveness of conservation actions. In
addition, our data could be used to monitor popula-
tion changes between low-water and high-water
seasons to evaluate habitat use and movement pat-
terns. This would help us determine whether Ama-
zonian manatees in the study area undergo seasonal
migrations as they do in varzea habitats, where the
flood pulse causes changes in the distribution and
population density of terrestrial and aquatic fauna
(Bodmer 1990, Fernandes 1997, Utreras et al. 2005,
Haugaasen & Peres 2007, Arraut et al. 2010).

Our occupancy results suggest that the Amazonian
manatee is being affected by human activities, which
is why its occupancy is lower in areas with higher hu-
man activity. The river and lagoon systems of Tambo-
cocha-Jatuncocha and the Lagarto River are vital for
the conservation of the species in Ecuador; however,
these sites face several threats which endanger the
long-term survival of the species. Activities such as il-
legal hunting and habitat loss have caused a drastic
decrease of its population, leaving the species close to
local extinction (Timm et al. 1986, Denkinger 2010,
Utreras et al. 2011). Furthermore, water pollution due
to oil spills, incidental capture in fishing nets, use of
dynamite and toxic chemicals for fishing and the in-
creasing use of speed boats exacerbate the current
situation of the Amazonian manatee in Ecuador (Utr-
eras et al. 2013). In this context, it is important to im-
plement conservation actions with indigenous com-
munities settled near Tambococha-Jatuncocha and
the Lagarto River, and in larger settlements along the
Napo and Aguarico rivers, to improve their fishing
and tourism practices, protect aquatic habitats and
control illegal fishing practices, as well as to imple-
ment traffic regulations for speed boats.
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The Amazonian manatee population estimates pre-
sented here represent a baseline for future re -
search but additional surveys are needed to under-
stand population fluctuations over time. The Ministry
of the Environment of Ecuador has published a
monitoring protocol to standardize future efforts
(Ministerio del Ambiente 2018). Also, an evaluation
of population viability in Tambococha-Jatuncocha
and the Lagarto River would be required to deter-
mine whether these populations will be able to per-
sist over the long term under different deterministic
and stochastic scenarios. We recommend the explo-
ration of additional areas, not covered in our sur-
veys, to identify other possible subpopulations in
the known range of the manatee in Amazonian
Ecuador. Finally, we recommend the use of various
survey techniques (e.g. side-scan sonar, environ-
mental DNA) to increase the effectiveness of future
research on this species.
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