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g
Programa de Pós-Graduação em Ecologia e Monitoramento Ambiental, Universidade Federal da Paraíba, PB—41, Rio Tinto, Paraíba 58297-000, Brazil
h
Instituto de Ciências Biológicas, Universidade Federal de Minas Gerais, Av. Antônio Carlos, 6627, sala L3-244, C.P. 486, Pampulha, Belo Horizonte, Minas Gerais
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Sirenians have a unique ecological function in coastal ecosystems, deserving special conservation attention. The
West Indian manatee (Trichechus manatus) is globally classified as Vulnerable by the IUCN. In Brazil, where the
species was intensively hunted in the past and currently faces several threats, it was classified as Endangered
during the last national assessment published in 2014. Here, we generated information based on available data to
assess the species extinction risk in Brazil using IUCN regional guidelines, applying all criteria, and choosing the
highest category of risk. Abundance at the national level was projected considering the density estimated in
Ceará and Rio Grande do Norte states and the Criterion B EOO (Extent of Occurrence) estimated in this study
(34,899 km2) and resulted in 1,047 individuals (95% CI: 538–2,038). Six scenarios of annual mortality were
inferred and suspected based on evidence. We adopted a simple discrete logistic growth model to project pop
ulation reduction in the past and future (three generations − 69 years) in 18 scenarios. Among the 18 projected
scenarios, four resulted in extinction, six in decline and eight in population growth. Considering the low
abundance bound, all scenarios indicate a reduction larger than 80% in population size, classifying the species as
‘Critically Endangered’ based on A4de. Reduction in EOO and abundance in the past classify the species as
‘Endangered’ based on A2c. The suspected number of mature animals (607;95% CI: 312–1,182) and the projected
decline higher than 20% in two generations also classify the species as ‘Endangered’ based on C1 and ‘Vulner
able’ under D1. Our results indicate that information can be generated to produce more accurate assessments
based on available data. The species national extinction risk needs to be reassessed, and the National Action Plan
effectiveness evaluated.

1. Introduction

exploited and threatened natural systems globally (Lotze et al., 2006;
Halpern et al., 2008; Halpern et al., 2019). Multiple impacts caused by a
large and increasing human population living in coastal areas are

Coastal and estuarine ecosystems are some of the most heavily
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affecting the extant marine biodiversity at unprecedented levels. These
impacts can have important consequences on a variety of goods and
services provided by coastal ecosystems for millions of people world
wide (Worm et al., 2006; Barbier et al., 2011).
Marine megafauna species are severely impacted on these coastal
ecosystems. Although there has been no expressive number of extinc
tions of megafauna species recently, many populations of sharks, turtles,
whales, dolphins, and sirenians are declining worldwide, resulting in
range constrictions and local extinctions (McCauley et al., 2015). Due to
their large size, these animals have important roles on oceans,
consuming large amounts of biomass, excreting and distributing nutri
ents and energy, connecting oceans with long range movements, and
modifying ecosystems during foraging and locomotion (Doughty et al.,
2016; Estes et al., 2016; Pimiento et al., 2020). Consequently, they play
essential and sometimes distinct ecological functions in these environ
ments, with some performing unique roles and appearing to be irre
placeable, i.e., once they disappear, no other species could replace their
function (Bellwood et al., 2006; Mouillot et al., 2013; Bullen et al.,
2021). Among these, there are benthic herbivores such as marine turtles
and sirenians that deserve special attention on conservation actions to
avoid extinction and promote recovery of their populations worldwide
(Pimiento et al., 2020).
One important step for species conservation planning is to charac
terize extinction risk (Miller et al., 2007). The International Union for
Conservation of Nature (IUCN)’s Red List of Threatened Species (http
s://www.redlist.org) (IUCN, 2012a) is recognized as the global stan
dard list for the conservation status of animals and plants (Rodrigues
et al., 2006; Hoffmann et al., 2008; Schipper et al., 2008). Unfortu
nately, all sirenians currently face high extinction risk in many coastal
areas of the world (Davidson et al., 2012). The Order Sirenia has only
five species, one of which, the Steller’s sea cow, Hydrodamalis gigas, was
hunted to extinction in the early 20th century (Domning, 2016). The
others are all listed by IUCN as ‘Vulnerable’ to extinction globally, i.e.,
they face a high risk of extinction in the wild (Deutsch et al., 2008; Keith
Diagne, 2015; Marmontel et al., 2016; Marsh & Sobtzick, 2019). Of
these, the West Indian manatee, Trichechus manatus, disappeared from
several areas since the last century, including the Lesser Antilles and
three Brazilian states in the southern range of its distribution (Deutsch
et al., 2008). National extinction lists are important tools for species
conservation hence national governments have an important role in
influencing protection measures and legislation (Miller et al., 2007). For
this purpose, the use of IUCN Regional Guidelines (IUCN, 2012b) is
recommended, because IUCN criteria were created for global assess
ments and can produce inappropriate results (Gärdenfors et al., 2001;
Miller et al., 2007). Besides, extinction risk must be periodically reassessed because new information availability, taxonomic changes, er
rors in previous assessments, modifications in assessments, and changes
in threats (increase, decrease or the emergence of new threats) may
result in a change of category.
In Brazil, T. manatus is currently classified as ‘Endangered’ (MMA,
2014; Luna et al., 2018). The presence of the species along the Brazilian
coast has been reported since the first Portuguese expedition in 1500,
and also by several travellers, colonizers, and religious figures that
described these animals, their habits, and how natives used to hunt them
(for a review, see Whitehead, 1977). Thus, manatees originally captured
by Native Americans for subsistence started to be hunted to feed
increasingly abundant new settlers. Additionally, the appreciation for
manatee products rapidly resulted in intensive hunting and commercial
exploitation. Indeed, in the northeastern coast of Brazil, intensive
hunting extended to at least the 1960 s; although products commer
cialization was not well documented, it is possible that hundreds or
thousands of animals were eliminated from the Brazilian coast (Domn
ing, 1982). After the 1967 Wildlife Protection Law (Brazil, 1967) that
banned manatee commercial hunting in Brazil, the subsistence capture
continued and, at least in the northern region, it persists until today (De
Thoisy et al., 2003; Luna et al., 2008a; Barbosa, 2013; Luna et al., 2018).

Overhunting resulted in the species extirpation on the southern range of
its distribution, on the states of Espírito Santo (ES), Bahia (BA), and
Sergipe (SE) (approximately 1,500 km of coast) (Whitehead, 1977;
Whitehead, 1978; Albuquerque & Marcovaldi, 1982; Domning, 1982;
Lima, 1997) and several other areas, resulting in low abundance and
discontinuities in distribution (Alves et al., 2013a, 2016; Lima, 1997;
Luna et al., 2008b, 2010). Although manatees reintroduced in the state
of Alagoas (AL) have been observed in SE and northern BA (Attademo
et al., 2015; Borges et al., 2019; Santos et al., 2022), there are no
established populations in these areas, where the species is currently
considered extinct (Luna et al., 2018).
Additionally, there is strong evidence that Brazilian manatees, east of
the Amazon River mouth, are part of a unique evolutionarily significant
unit (ESU) (Vianna et al., 2006; Santos et al., 2016; Barros et al., 2017),
which has been separated from the ESU formed by Florida, Gulf of
Mexico and Caribbean populations for some 590,000 years using mtDNA
fossil calibrated phylogeny (Santos et al., 2016). Moreover, morphology
and genetics indicate that the current subspecies classification recog
nized by the Society for Marine Mammalogy and the IUCN needs urgent
revision (Lima et al., 2021). Furthermore, an important hybridization
zone between T. manatus and T. inunguis in the Amazon River estuary
and the Guiana Shield coastline, probably as far as eastern Venezuela, is
hypothesised to reinforce this separation (Vianna et al., 2006; Santos
et al., 2016; Lima et al., 2019; Vilaça et al., 2019; Lima et al., 2021).
In addition to hunting, several human impacts are acting simulta
neous and synergistically on West Indian manatees as a result of their
coastal and estuarine habits (Meirelles & Carvalho, 2016; Silva et al.,
2016): incidental capture in fishing gears (Meirelles, 2008; Parente
et al., 2004; Alvite, 2008; Balensiefer et al., 2017), habitat degradation
(Lima, 1997; Meirelles, 2008; Silva et al., 2016), pollution (Anzolin
et al., 2012; Attademo et al., 2015), boat traffic and collision (Borges,
Vergara-Parente, Alvite, Marcondes, & Lima, 2007; Meirelles et al.,
2009b; Silva et al., 2016), and boat-based manatee watching tourism
(Nowacek et al., 2004; Rycyk et al., 2018). These threats are not ex
pected to diminish, rather their magnitude is likely to increase. Although
important conservation efforts have been addressed to the species in the
last 30 years through government and non-government initiatives
(Meirelles et al., 2016a), the species is still considered extinct in its
former southern range. Luna et al. (2012) pointed out that the small
population size and low genetic diversity can drive the species to
extinction in the country. Thus, it is important to regularly re-assess the
extinction risk of the Brazilian T. manatus population while putting the
National Action Plan for the Conservation of the West Indian Manatee
(MMA, 2018) in practice to evaluate the improvement on conservation
status. Therefore, this study aims to re-assess the West Indian manatee
extinction risk in Brazil using IUCN guidelines.
2. Material and methods
To identify the West Indian manatee extinction risk in Brazil, we
followed three IUCN guides: Guidelines for using the IUCN Red List
Categories and Criteria (IUCN, 2019); the IUCN Red List Categories and
Criteria (IUCN, 2012a); and the Guidelines for Application of IUCN Red
List Criteria at Regional and National Levels (IUCN, 2012b). Step one on
IUCN (2012b) indicates the identification of taxa and populations to
assess. Only T. manatus regional extinction risk will be assessed here,
thus this step is not necessary. Step two is related to applying IUCN Red
List Criteria to the studied population to identify the preliminary
extinction risk categories. Information used to apply the Criteria is
detailed below. Although all criteria with available data were analysed,
as indicated in the Guidelines, only the criteria for the highest category
of threat were considered to define the threat category of the species
(IUCN, 2019).
The last step determines the final extinction risk and verifies if the
extinction risk identified in Step two might change. The existence and
status of conspecific populations outside the region that may affect the
2
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risk of extinction within the region were investigated to determine if the
category obtained in Step two should be downlisted, uplisted, or remain
unaltered. For this, data available on the literature and evidenced ex
perts’ opinions were used to answer the following questions for Breeding
Populations, as indicated in the scheme in IUCN (2012b): 3a. “Does the
regional population experience any significant immigration of propa
gules likely to reproduce in the region?”; 3b. “Is the immigration ex
pected to decrease?”; and 3c. “Is the regional population a sink?”.
Propagules are defined by IUCN (2012b) as “A living entity capable of
dispersal and of producing a new mature individual (e.g., a spore, seed,
fruit, egg, larva, or part of or an entire individual)”. A sink is considered
“an area where the local reproduction of a taxon is lower than local
mortality” (IUCN, 2012b).

Indian manatees inhabit estuarine areas, close to margins, thus areas up
to 5 m deep. It is important to highlight that we are not stating that the
species is absent from areas deeper than 5 m in the northern region.
Further survey efforts in this region would help to elucidate this, and
EOO can be recalculated if different results come to light. Thus, to
calculate the EOO we considered 10 m as the bathymetric limit in Zone A
and 5 m in Zone B.
As the occurrence of genetically pure T. manatus in the Amazon River
mouth is uncertain, considering that both Domning (1981) and Luna
et al. (2008b, 2010) did not record the species in this area, it was not
included in the EOO to estimate population reduction. Due to the
complex coastal morphology and the wide extension of the study area,
some regions with no published manatee records but suitable habitats
and close to sites with manatee presence were absent from the MCP
polygon after the analysis (Supplementary Material Figure S1). How
ever, due to the high probability of the species occurrence in those areas,
reinforced by interviews with local fishermen, we decided to include
them in the final polygon.
To estimate decline, we adopted a simple discrete logistic growth
model - Equation (1) coded in R Studio software (R Core Team, 2020),
where Nt is the population size at time t, Nt-1 is the population size in the
previous time step, r is the intrinsic rate of increase (Malthusian
parameter- the difference between natality and mortality per year), and
K is the carrying capacity (set as double of current estimated population
size, following Castelblanco-Martínez et al. (2012)).

2.1. Data sources
2.1.1. Criterion A: Population size reduction
Reduction of population size in the past was estimated (suspected)
based on range constriction caused by overhunting. These data are
considered reliable and consistent because several studies and distinct
methods were performed, with coherent results. The range was
measured as Extent of Occurrence (EOO) and to estimate population size
reduction, areas with unsuitable habitats and those where the species is
extinct were not included in the final estimate (IUCN, 2019).
Former (until 1980) and current ranges of T. manatus in Brazil were
identified considering published data: traditional ecological knowledge
(Lima, 1997; Luna, 2001; Alves, 2007; Aquasis, 2008; Barbosa, 2013;
Choi-Lima et al., 2017); aerial (Alves et al., 2013b; Alves et al., 2013a;
Aquasis, 2006; Costa, 2006; Petrobras., 2014), boat (Aquasis, 2006;
Costa, 2006) and land-based surveys (Alves, 2007; Alvite, 2008),
telemetry of released and wild animals (Lima et al., 2012; Petrobras,
2014; Normande et al., 2015; Santos et al., 2022); hunting (Domning,
1981, 1982); incidental captures (Parente et al., 2004; Meirelles, 2008;
Alvite, 2008); strandings (Meirelles, 2008; Parente et al., 2004; Atta
demo et al., 2020); and historical records (Whitehead, 1977).
To estimate former and current EOO, a convex hull (100 % Minimum
Convex Polygon - MCP) analysis was performed within ArcGIS Pro 2.5
(ESRI Inc., 2020) using the Minimum Bounding Geometry Data Man
agement tool, as suggested by IUCN (2012a). The Erase tool was used to
remove land covering included by the software on the estimated poly
gons. From Piauí state (PI) to AL (Zone A), sighting and telemetry re
cords indicate the species only occurs in areas up to 10 m deep (Aquasis,
2006; Costa, 2006; Petrobras, 2014; Alves et al., 2013a, 2013b;
Normande et al., 2015). Thus, in this region, areas deeper than 10 m
were erased from the EOO. From Amapá (AP) to Maranhão (MA) states
(Zone B), survey efforts are low, and sightings are scarce; therefore,
there is no information on the maximum depth where manatees occur.
However, considering the following items, depths up to 5 m seem more
suitable for the species in this area: 1) water depth is an abiotic envi
ronmental variable used as a proxy for light availability (de Boer, 2007;
Gaubert-Boussarie et al., 2021), which itself indicates the presence of
seagrass and algae (Holmes et al. 2008; Purvaja et al., 2018), both
important items of manatees diet (for a review see Meirelles et al.,
2018); 2) the seagrass Halodule wrightii is the main manatee food item in
Zone A (Ciotti, 2012; Carvalho, 2019), and occurs in areas up to 10 m
(Copertino et al., 2016); 3) in Zone B, manatees feed mainly on salt
marsh plants (e.g smooth cordgrass, Spartina alterniflora), but also on
mangroves (Ciotti, 2012; Carvalho, 2019); 4) salt marshes and man
groves are found in intertidal zones, and salinity and hydroperiod are
variables that usually explain their occurrence (Wang et al., 2010; Crase
et al., 2015); 5) maximum depth of 10 m does not seem an appropriate
variable to be used as a proxy for the species presence in Zone B, because
it is based on the presence of seagrass and macroalgae; 6) except for
scarce Rupia maritima confined to enclosed lagoons, seagrasses were not
recorded in this area (Copertino et al., 2016); and 7) depending on
freshwater and food items that occur in intertidal zones, in Zone B West

Nt = Nt− 1 + rNt− 1 (1 −

Nt− 1
)
K

(1)

To estimate the initial population size (N0), we projected the density
estimated for the CE and RN states (Petrobras, 2014) to the whole range,
considering the EOO estimated here (including all areas within the
current range). The density confidence interval (95% CI) was not re
ported by Petrobras (2014) and was estimated following Buckland et al.
(2015, page 107). For low precision estimations, we used plausible
lower bounds, following a precautionary approach (IUCN, 2019). To
estimate natality, we assumed a sex ratio of 1:1. The proportion of
mature animals in the studied population is unknown; thus, we used the
mean value (58%) of the two available data on the species in Florida:
46% (Marmontel et al., 1997) and 70% (Haubold et al., 2006). As a
result, the proportion of mature females would be 29% (58/2). We
roughly estimated the natality rate by year to be up to 7.25% (29/4),
considering the interval between births of four years (the gestation
period of one year and two years of calving).
Mortality was inferred based on the strandings reported in the area.
All the records, including live animals, were considered animals
removed from the population (losses), even though some of these ani
mals were rehabilitated and released back to the wild (e.g., Normande
et al., 2016). Additionally, we considered that strandings represent only
a small fraction of animals that die at sea. First, some carcasses sink to
the bottom, and others float upon death. Those that sink are rapidly
consumed by scavengers and will probably never refloat and get
stranded (Peltier et al., 2012). Those that float can be consumed by
scavengers or drift ashore, and the discovery of those that become
stranded depends on several factors, e.g., the presence of scavengers, the
physical characters (sandy or rocky beach) (Fowler & Flint, 1997), and
the human presence (uninhabited or populous areas) in the stranding
site (Faerber & Baird, 2010), the monitoring effort (Evans et al., 2005)
and awareness campaigns (Meirelles et al., 2009b). Studies have indi
cated that the fraction of dead animals that are found ashore can vary
from 2 to 33% (Epperly et al., 1996; Peltier et al., 2012; Williams et al.,
2011; Wells et al., 2015). Although this information is not available for
West Indian manatees, we decided to adopt the conservative upper
bound of 33% reported for an inshore and estuarine community of
Tursiops truncatus that inhabits Sarasota Bay, Florida (Wells et al., 2015).
This community has estuarine areas as primary habitats, including
seagrass meadows (Barros & Wells, 1998; McCabe et al., 2010), such as
3
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the West Indian manatee. Moreover, an important carcass recovery
effort has been conducted in the area (Wells et al., 2015). We also used a
more conservative approach to infer mortality and investigated decline
considering a scenario where 50% of the carcasses were recorded.
We considered that the Bacia Potiguar Beach Monitoring Project
(related to oil exploration licensing conducted by IBAMA) is one of the
most important efforts to collect West Indian manatee stranding data in
Brazil. Thus, we used data reported by this project in CE east coast and
RN northwest coast, from 2010 to 2016 (Silva et al., 2017), to estimate
stranding numbers in Zone A, considering the proportions of the records
reported by Parente et al. (2004). Although this is not an updated report,
it is the only one with this large scope that included raw data, including
stranding location. Although Balensiefer et al. (2017) published a more
updated review, they only included animals assisted or received by the
Aquatic Mammal Centre (CMA) in Pernambuco state (PE) and did not
provide individual stranding location.
We then calculated a mortality rate for Zone A (number of deaths per
km2 of EOO) and projected this rate to the Zone B area to infer the
annual mortality in this area, considering three scenarios: a) the same
mortality observed in Zone A; b) 70% of that mortality; and c) 50% of
that mortality. We decided to project mortality rate of the Zone A to the
Zone B, considering this the worst case scenario taking into account that:
1) stranding records are underreported in Zone B for several reasons, as
discussed before; 2) underreporting resulted in low and nonrepresentative numbers of stranding reports (e.g. three records in MA
in 20 years, Parente et al., 2004); 3) in the absence of representative data
for this area, it is plausible that human impacts are lower in this less
populated area, and that manatee mortality is therefore lower than that
recorded in Zone A; 4) however, hunting still occurs in Zone B, and it is
an important threat; and 5) incidental capture in this region, mainly in
MA, seems to be a more important threat to manatees than in Zone A.
Trichechus manatus generation time was estimated between 16.8 and
22.6 years (Runge et al., 2007). Following a precautionary approach, the
larger value, i.e., 23 years, was adopted here.

of extinction of West Indian manatee in Brazil.
3. Results
3.1. Step 2
3.1.1. Criterion A
Although several discontinuity areas are recorded along the range of
the species (see details on Criterion B), genetic (Santos et al., 2016; Lima
et al., 2021), morphological, and chromosomal (Barros et al., 2017)
evidence indicate the existence of only one T. manatus evolutionarily
significant unit (ESU) in Brazil. However, the populations around the
Amazon River mouth, including AP, and likely PA and western MA, were
suggested to be treated as a separate management unit because of the
potential prevalence of interspecific hybrids (Santos et al., 2016; Vilaça
et al., 2019). Preliminary surveys based on morphological descriptions
(presence of nails and white/pink patches on abdomen) and interviews
with local fishermen suggested the presence of both T. manatus and
T. inunguis in this region (Luna, 2001; Barbosa, 2013). However, the only
two manatees genetically and/or cytogenetically analysed in AP were
considered hybrids, one with mixed morphology and the other
morphologically like T. manatus (Vianna et al., 2006; this study).
Additionally, of eight carcasses stranded in the neighboring French
Guiana, seven were hybrids (two morphologically like T. inunguis), and
one was a pure T. inunguis individual (Vilaça et al., 2019). These facts
raise concerns on the identification of manatees in this region based on
external characters only, as hybrids can have mixed, Amazonian or West
Indian manatee morphology. For example, limb bones collected in the
Oiapoque River in 1978 had characteristics that “agree best with
T. manatus” (Domning, 1981). There were no claims of hybrids then, and
certainly today this identification should be revisited. Considering that
AP is inserted in the interspecific hybrid zone (Vianna et al., 2006;
Santos et al., 2016; Vilaça et al, 2019; Lima et al., 2019; Lima et al.,
2021), and the available evidence suggest that the manatee population
in this coast is composed by introgressed hybrids (second generation of
backcross or more, Vilaça et al. 2019), the actual existence of a “pure”
T. manatus population in AP is unknown. Because the hybrid zone should
be at least maintained by gene flow between Amazonian manatees and
West Indian manatees from northeastern Brazil, we have considered that
T. manatus inhabits this region. Thus, we decided to include it in this
assessment.
Therefore, we calculated former and current EOO to estimate pop
ulation decline in the past (Table 1; Fig. 1). Based on the range
constraint observed for the population, with the reduction of 15,238
km2 in the EOO caused by the species overhunting, a population
reduction of at least 40% in the past is plausible. Additionally, the West
Indian manatee was intensively hunted along its whole range, resulting
in low abundance in areas where the species remains (Whitehead, 1977;
Domning, 1981; Lima, 1997; Luna et al., 2010). Several TEK studies
indicated that the species abundance is currently lower than it was in the
past, with some local interviewees indicating the species disappeared or
reduced by up to a third (Luna, 2001; Aquasis, 2006; Alves, 2007;
Barbosa, 2013). Thus, an additional reduction of at least 40% in popu
lation size in the remaining populations, i.e., 60% of the original pop
ulation, is also plausible. That would result in an overall suspected
reduction of 64% in population size in the past. Unfortunately, infor
mation to indicate how much of this decline occurred in the last 69 years
(three generations time) is not available. However, there was a high
demand for manatee products from 1954 to 1973, with the largest ever
recorded amount of Amazonian manatee meat and meat products
exported (Domning, 1982). Commercial statistics regarding West Indian
manatee is almost absent, with only two tonnes of manatee products
(presumably meat) produced in AL in 1959, and one ton in BA in 1964,
estimated in around 50 and 25 animals, respectively (Domning, 1982).
Considering the higher demand for manatee products from 1954 to
1973, it is plausible that both Amazonian and West Indian manatee were

2.1.2. Criterion B: Geographic range
Geographic range was measured as EOO (IUCN, 2012a). To estimate
the EOO, a convex hull analysis was performed within ArcGIS Pro 2.5
(ESRI Inc., 2020) using the Minimum Boulding Geometry Data Man
agement tool. For this criterion, discontinuities formed by unsuitable
habitats and species extirpation were included in the analyses. However,
areas where the species is considered extinct and are currently out of the
T. manatus range were not included, as recommended by IUCN (IUCN,
2012a). In addition, the Area of occupancy (AOO) was not estimated due
to insufficient available data.
2.1.3. Criterion C: Small population size and decline
Information on manatee abundance in Brazil based on recognized
methods is only available for the northeastern region, in Zone A (Pet
robras, 2014; Alves et al., 2016; Choi-Lima, 2017). Although we
recognize the importance of the Traditional Ecological Knowledge (TEK)
studies performed on the northeastern (Lima, 1997) and northern coasts
(Luna, 2001), abundance estimates based on interviews (index method)
usually result in biased estimates and should not replace estimates of
absolute abundance (Williams & Thomas, 2009).
The population size was projected to the Brazilian coast considering
the density estimate reported by Petrobras (2014) (see methods in Cri
terion A). We used plausible lower bounds for low precision estimations,
following a precautionary approach (IUCN, 2019). The proportion of
mature animals was considered to be 58%, as discussed before.
2.1.4. Criterion D: Very small or restricted population
Identical to Criterion C.
2.1.5. Criterion E: Quantitative analysis
There are no suitable quantitative analyses to predict the probability
4
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Several infectious and non-infectious diseases were reported for
T. manatus in Brazil (Sidrim et al., 2015a, 2015b; Carvalho and Silva,
2016; Sidrim et al., 2016; Borges et al., 2017a; Attademo et al., 2020),
with most of the studies related to captive and reintroduced/released
animals. Parasites Pulmonicola cochleotrema were reported in 26.7% (4/
15) of wild dead manatees in CE state (Carvalho et al., 2009). Borges
et al. (2017b) found the same helminth species in 7.95% (7/88) of
evaluated animals, all free-living specimens. Of these seven infected
animals, three presented respiratory problems. West Indian manatees
inhabit coastal and estuarine areas that can be severely contaminated by
sewage, and consequently, be exposed to a variety of pathogens. For
free-ranging marine mammals, emergent and resurging infectious dis
eases are of special concern, particularly in degraded and contaminated
areas (Bossart et al., 2017).
Epizootic infectious diseases have not been reported in Brazilian
West Indian manatee populations. Seroprevalence investigations of the
bacteria Brucella sp. and Leptospira did not suggest contact with these
agents (Sánchez-Sarmiento et al., 2019). Cetacean morbillivirus,
(CeMV), which recently resulted in an unusual mortality event in Guiana
dolphins (Sotalia guianensis) on the southwestern coast of Brazil, is also
circulating in the northeast coast. It does not currently affect manatees,
but evidence of infection needs to be investigated further (Groch et al.,
2018). Algal blooms and their toxins (brevetoxin) are frequently related
to the mass mortality of T. manatus in Florida (Martin et al., 2017). This
type of event has not yet been observed in marine mammals in Brazil.
However, since it affects small host populations, the impacts of these
agents can be severe.
There are few studies on pollution in T. manatus in Brazil. In CE,
Lailson-Brito et al. (2010) reported a low concentration of total mercury
(HgT) on seven wild manatees. The authors also found DDT, HCH, and
Mirex in three animals. PCB was found only in a single animal. High
levels of heavy metals (Al, Pb, Cd and Sn) were reported for manatees in
an acclimatization facility in Barra de Mamanguape estuary, Paraíba
state (PB) (Anzolin et al., 2012). Additionally, hematological alterations
observed in animals from the same area and another acclimatization
facility in Tatuamunha River, in AL, indicated that animals were
possibly exposed to carbamates and organophosphates. The authors
indicated carbofuran used in nearby sugar cane plantations as a possible
source of pesticides.
Recently, a massive oil spill (estimated at 5,000–12,000 m3)
impacted more than 3,000 km of Brazilian coastline, from Rio de Janeiro
to Maranhão states (Zacharias et al., 2021), affecting at least 55 Marine
Protected Areas, including Costa dos Corais Environmental Protection
Area (Soares et al., 2020), in the southern portion of T. manatus range.
Furthermore, according to Magalhães et al. (2021), more than 325 km2
of seagrass meadows were affected by this environmental disaster,
including the coast of CE and RN, where manatees feed almost exclu
sively on seagrass (Ciotti, 2012; Carvalho, 2019). Additionally, the
presence of plastic debris was reported in three of eight stomach con
tents of manatees stranded in CE (Vasconcelos, 2013). In PI, a piece of
rope was found in the intestine of a stranded young female manatee
(Silva et al., 2016). Attademo et al. (2015) indicated the ingestion of
plastic debris as cause of death (n = 2) and debilitation (n = 2) of
released manatees.
To project population decline in the Brazilian coast, first we esti
mated the manatee abundance in the whole area based on the density
reported by Petrobras (2014) in CE and RN (0.03 animals per km2; CV
35%). The 95% CI was estimated at 0.015–0.05 animals per km2.
Considering the EOO estimated here including the discontinuities
(34,899 km2), the projected abundance would be 1,047 animals (95%
CI: 538–2,038). We included the discontinuity areas because the density
estimated in CE and RN included areas where the species was not
observed, as discussed by Petrobras (2014), which could result in the
low density observed. Thus, the density projection estimated by
including these areas seems more representative.
Analysing the raw data provided by Parente et al. (2004), we

Table 1
Former and current West Indian manatee Extent of Occurrence (EOO) in Brazil.
Distribution

Geographical
range (EOO,
km2)

Sources

Former

37,849

Goeldi, 1893; Goeldi
and Hagmann, 1904;
Whitehead, 1977;
Domning, 1981;
Domning, 1982;
Albuquerque and
Marcovaldi, 1982; Best
and Teixeira, 1982;
Lima, 1997; Luna, 2001
Albuquerque and
Marcovaldi, 1982; Best
and Teixeira, 1982;
Domning, 1982; Lima,
1997; Luna, 2001;
Aquasis, 2006; Aquasis,
2008; Luna et al., 2010;
Alves et al., 2013a,
2013b; Barbosa, 2013;
Choi-Lima et al., 2017;
Choi-Lima, 2017

Current

From Oiapoque to Cabo
Norte, from Pará to
Espírito Santo, excluding
part of Ceará (from
Iguape to Jericoacoara)
and part of Maranhão
(Lencóis Maranhenses
coast), considered
unsuitable habitat
From Oiapoque (AP) to
the mouth of Macari
River (AP), from Pará to
Alagoas, excluding: a)
indicated unsuitable
areas; b) areas where the
species was considered
extinct, such as part of
Alagoas and
Pernambuco (from Barra
de Camaragibe* to
Recife), part of Ceará
(from Fortim to Aquiraz
and from Jericoacoara to
Camocim); part of
Maranhão (Delta do
Parnaíba); from Cabo
Norte to Calcoene
(Amapá); part of
Reentrâncias Paraenses
and west Marajó Island

22,611

*Thirty rescued and rehabilitated manatees were released in the discontinuity
area in the state of Alagoas from 1994 to 2011 (Normande et al., 2015), aiming
to reintroduce the species in some areas of the historical distribution. However,
this reintroduction area was not included in the current EOO to estimate pop
ulation reduction in the past.

intensively hunted during this period to attend this requirement.
Exploitation was the main cause of T. manatus decline in Brazil.
While there are no hunting records in the northeastern coast (from PI to
AL) in the last years, subsistence hunting still occurs in the northern
coast (Barbosa, 2013; Luna et al., 2018), where it was responsible for
94% of the species mortality in the 1990 s (Luna et al., 2008a). The real
number of manatees killed by hunting is unknown, but it is apparently
high, considering the species low abundance in the region compared to
the northeastern region (Luna et al., 2010). Thus, the main cause of
decline did not cease, and in addition, the species faces several other
threats.
Hybridization, pathogens, and pollution can have important impacts
on manatees in Brazil. Hybridization between T. manatus and T. inunguis
was reported from Guyana, French Guiana, and the Brazilian states of AP
and Pará (PA) (Garcia-Rodriguez et al., 1998; Vianna et al., 2006; Vilaça
et al., 2019; Lima et al., 2019; Luna et al., 2021), while there are other
suspected cases in PA (Table 2). The high prevalence of hybrid animals
in French Guiana (88.9 %; n = 9) (Vilaça et al., 2019) and AP coast
(100%; n = 2) is concerning. Evidence indicates that hybridization in
this area has been occurring for several generations (Santos et al., 2016;
Vilaça et al., 2019; Luna et al., 2021), and genomic analysis identified no
first-generation hybrid so far (Vilaça et al., 2019). Although this process
seems natural, changes in population density, survival, and mortality
rates between different species and sexes resulted from intensive hunt
ing may have favored it. Without considering the species identification
issues, several areas of sympatry were reported: eastern coast and inner
part of Marajó Bay (Luna et al., 2010); east coast of Marajó Island
(Bonvicino et al., 2020); southern (Parazinho Biological Reserve), cen
tral (Maracá-Jipioca Ecological Station) and northern (Cabo Orange
National Park) portions of AP coast (Barbosa, 2013).
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Fig. 1. Extent of Occurrence (EOO) of West Indian manatee in Brazil, considering unsuitable areas within the species range, current occurrence areas and those
where the species no longer occurs. The species is also considered extinct in the states of Sergipe, Bahia and Espírito Santo, outside of the current range and not visible
in the figure (Abbreviations: AP, Amapá; PA, Pará; MA, Maranhão; PI, Piauí; CE, Ceará; RN, Rio Grande do Norte; PB, Paraíba; PE, Pernambuco; AL, Alagoas; and
SE: Sergipe).

observed that 41.4% of the reported strandings in Zone A occurred in the
area comprised by the CE eastern coast and RN western coast. Consid
ering the mean value of six strandings per year reported by Silva et al.
(2017) in this area, it would result in 14.49 strandings per year in Zone
A. Based on this value, we inferred the annual mortality in this area
considering strandings were 33% and 50% of deaths. Additionally, we
projected the mortality rate (number of deaths per km2) to Zone B,
considering three scenarios (100%, 70%, and 50% of the mortality rate

observed in Zone A) to infer the annual mortality in the whole area
(Table 3).
Equation (1) was applied to 18 scenarios (Table 4), considering the
mean, the lower and upper abundance bounds, strandings correspond
ing to 33% and 50% of deaths, and mortality rates in Zone B corre
sponding to 100%, 70%, and 50% of that estimated in Zone A, as
detailed in Table 3. Ten scenarios resulted in a decline or extinction
(Fig. 2): four resulted in a decline greater than 80%, and four resulted in
6
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Table 2
Confirmed and suspected hybrids between T. manatus and T inunguis in Brazil, French Guiana and Guyana.
Sample id

Morphology

Site

Molecular Identification

Source

–

T. manatus

Guyana

mtDNA haplotypes related to T. inunguis

–

T. manatus

Guyana

mtDNA haplotypes related to T. inunguis

–

T. manatus

Guyana

mtDNA haplotypes (P) related to T. inunguis

–

T. inunguis

M035 (Poque)

Mixed – Smaller than T. manatus, presence of three
nails on each pectoral fin

Cametá, Pará,
Brazil
Oiapoque,
Amapá, Brazil

mtDNA haplotype (M2) related to T. manatus, possible F2
or later generation
mtDNA haplotype (T) related to T. inunguis; Karyotype 2n
= 50 (probably an F2 generation hybrid-introgressed);
TmaH11 microsatellite, one allele characteristic of
T. inunguis and one of T. manatus
Sequences of nuclear loci indicated as introgressed (F2
generation backcross or more)
mtDNA haplotype (T2) related to T. inunguis; TmaH11
microsatellite, one allele characteristic of T. inunguis and
one of T. manatus
mtDNA haplotype (TR) related to T. inunguis; TmaH11
microsatellite, one allele characteristic of T. inunguis and
one of T. manatus
mtDNA haplotype (T2) related to T. inunguis
Karyotype 2n = 50 (probably an F2 generation hybrid)

Garcia-Rodriguez
et al., 1998
Garcia-Rodriguez
et al., 1998
Garcia-Rodriguez
et al., 1998
Vianna et al., 2006

–

T. manatus

French Guiana

–

T. manatus

French Guiana

–
Victor Maracá

T. manatus
T. manatus

M22 JAG

–

French Guiana
Amapá coast,
Brazil
Awala,

M297 JAG

–

French Guiana
Awala,

M423 JAG

T. inunguis (no nails, white patch)

French Guiana
Mana,

M524 JAG

T. inunguis (no nails, no white patch)

French Guiana
Kourou,

M2772 JAG

–

French Guiana
Kaw River,

–

T. manatus

–

T. manatus

MPEG4229
(Omar)

Mixed – Black with white patches on belly and tail,
rounded tail, presence of nails. Identified by the
authors as T. manatus
Mixed – blackish with white patches on belly and
pectoral fins, presence of nails. Newborn 80 cm length
and 8 kg weight, like T. inunguis. Identified by the
authors as T. manatus

MPEG 44,491
(Leleco)

French Guiana
Venezuela/
Guyana
Venezuela/
Guyana
Salvaterra,
Marajó Island,
Pará, Brazil
Soure, Marajó
Island, Pará,
Brazil

population extinction. Eight scenarios resulted in population growth.
According to IUCN (2019), in case of uncertainty, using plausible
lower bounds of abundance rather than best estimates (mean) is the best
solution, but avoiding the worst-case scenario of decline. Thus, if we
consider only the scenarios that use the lower bound abundance, even
avoiding the worst-case scenarios of mortality and decline, it will result
in a decline higher than 80%.
Contemplating all information discussed above, the West Indian
manatee can be classified in Brazil as ‘Endangered’, considering:.
A2: More than 50% of “Population reduction observed, estimated,
inferred, or suspected in the past where the causes of reduction may not
have ceased OR may not be understood OR may not be reversible.”
Based on: c) a decline in area of occupancy (AOO), extent of occurrence
(EOO) and/or habitat quality.
And “Critically endangered” based on:.
A4: More than 80% of “An observed, estimated, inferred, projected
or suspected population reduction where the time period must include
both the past and the future (up to a max. of 100 years in the future), and
where the causes of reduction may not have ceased OR may not be
understood OR may not be reversible”. Based on: d) actual or potential

Vianna et al., 2006

Vilaça et al., 2019
Vianna et al., 2006
Vianna et al., 2006
Vianna et al., 2006
This study

Mitochondrial D-loop Haplotype J4 related to T. manatus;
SNP data and sequences of nuclear loci results indicated as
introgressed
Mitochondrial D-loop Haplotype T2 related to T. inunguis;
SNP data and sequences of nuclear loci results indicated as
introgressed
Mitochondrial D-loop Haplotype T4 related to T. manatus;
SNP data and sequences of nuclear loci results indicated as
introgressed
Mitochondrial D-loop Haplotype T2 related to T. inunguis;
SNP data and sequences of nuclear loci results indicated as
introgressed
Mitochondrial D-loop Haplotype T2 related to T. inunguis;
SNP data and sequences of nuclear loci results indicated as
introgressed
Haplotype P1, related to T. inunguis (indicated as past
hybridization)
Haplotype P1, related to T. inunguis (indicated as past
hybridization)
–

Vilaça et al., 2019

–

Sousa et al., 2015;
Bonvicino et al.,
2020

Vilaça et al., 2019
Vilaça et al., 2019
Vilaça et al., 2019
Vilaça et al., 2019
Luna et al., 2021
Luna et al., 2021
Bonvicino et al.,
2020

levels of exploitation; e) effects of introduced taxa, hybridization,
pathogens.
3.1.2. Criterion B: Geographic range
The current distribution of T. manatus in Brazil is presented in
Table 1. There are five potential discontinuities in the species range, i.e.,
areas where the species has not been recorded that have more than 100
km of extension (Fig. 1; Supplementary Material Table S1): Area 1) from
Macari River to the Amazon River mouth, AP (~300 km; 3,827.57 km2);
Area 2) PA, from Taperebateua to Quarenta (~160 km; 2,161.15 km2);
Area 3) MA, from the western portion of Lençóis Maranhenses National
Park to Poldros Island (~190 km; 1,477.61 km2); Area 4) CE, from
Curimans Beach to Uruaú (~400 km; 3,921.83 km2); and Area 5) PE,
from Igarassu to Tamandaré (~200 km; 271.71 km2). Although Alves
et al. (2016) reported one manatee sighting in Iguape Beach, Aquiraz
municipality, CE, we considered this as a vagrant. Additionally, even
though 30 West Indian manatees were released in AL from 1994 to 2011
with reintroduction purpose, and these animals have been reproducing
and moving between PE and BA (Normande et al., 2015; Lima et al.,
2012; Santos et al., 2022; Attademo et al., 2020), there is no evidence
7

A.C.O. Meirelles et al.

Journal for Nature Conservation 67 (2022) 126169

Table 3
Projected West Indian manatee population size in Brazilian coast based on the density estimated in Zone A by Petrobras (2014). The annual mortality was inferred
considering strandings were 33% of deaths at sea and 50% of deaths at sea. The annual mortality in Zone B was projected based on the mortality rate obtained in Zone A
considering three scenarios: 100%, 70% and 50% of the mortality rate estimated in Zone A. (EOO: Extent of Occurrence; N0: initial population size; 95% CI: 95%
Confidence Interval).
Mortality rate (ind/km2)

Annual mortality (50%)

Mortality rate (ind/km2)

If the mortality rate in Zone B is the same of that inferred in Zone A
Zone A
11,105
333
171–649
14.49
43.89
Zone B
23,794
714
367–1390
40.21
94.03
Total
34,899
1047
538–2038
54.70
137.92

0.0039
0.0039
0.0039

28.98
62.06
91.03

0.00260
0.00260
0.00260

If the mortality rate in Zone B is 70% of that inferred in Zone A
Zone A
11,105
333
171–649
14.49
Zone B
23,794
714
367–1390
40.21
Total
34,899
1047
538–2038
54.70

43.89
65.82
109.71

0.0039
0.0027
0.0041

28.96
43.44
72.41

0.00260
0.00183
0.00200

If the mortality rate in Zone B is 50% of that inferred in Zone A
Zone A
11,105
333
171–649
14.49
Zone B
23,794
714
367–1390
40.21
Total
34,899
1047
538–2038
54.70

43.89
47.01
90.90

0.0039
0.0019
0.0019

28.98
31.03
60.00

0.00260
0.00130
0.00171

Area

EOO (km2)

N0

95% CI

Strandings/year

Annual Mortality (33%)

Table 4
Eighteen scenarios of projected West Indian manatee population size growth in Brazil considering projected abundances and six levels of mortality, from 2014 to 2083,
after one, two and three generations times. (N0: Initial population size; r: intrinsic rate of increase; N23: population size after 23 years; N46: population size after 46
years; N69: population size after 69 years).
Scenario

N0

Annual
Mortality

Annual mortality rate
(%)

Annual birth rate
(%)

r

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

538

60.00
72.41
90.90
91.03
109.71
137.92
60.00
72.41
90.90
91.03
109.71
137.92
60.00
72.41
90.90
91.03
109.71
137.92

11.15
13.46
16.90
16.92
20.39
25.64
5.73
6.92
8.68
8.69
10.48
13.17
2.94
3.55
4.46
4.47
5.38
6.77

7.25

−
−
−
−
−
−

1047

2038

7.25

−
−
−
−

7.25

0.039
0.062
0.096
0.097
0.131
0.184
0.015
0.003
0.014
0.014
0.032
0.059
0.043
0.037
0.028
0.028
0.019
0.005

N23

N46

N69

Population growth after 69 years
(%)

301.91
195.11
91.75
91.25
38.77
9.42
1235.94
1088.93
868.65
867.21
659.41
402.53
3011.16
2890.51
2697.60
2854.73
2487.87
2156.25

146.11
52.34
9.70
9.59
1.58
0.09
1406.18
1128.99
706.88
704.27
373.89
116.66
3609.03
3473.37
3215.16
3429.28
2880.95
2268.86

63.81
12.46
0.95
0.93
0.06
0.00
1557.47
1168.82
561.29
557.88
194.70
29.98
3892.90
3798.47
3575.54
3764.33
3211.14
2380.08

− 88.14
− 97.68
− 99.82
− 99.83
− 99.99
− 100.00
48.76
11.64
− 46.39
− 46.72
− 81.40
− 97.14
91.02
86.38
75.44
84.71
57.56
16.79

Fig. 2. Projected West Indian manatee population growth in Brazil from 2014 to 2083 (past and future) considering 18 possible scenarios. A. Initial population size of
538; B. Initial population size of 1,047; and C. Initial population size of 2,038.

that this reintroduction effort was a success, i.e., that a self-sustained
population is established (Seddon, 1999; Sarrazin & Barbault, 1996).
Despite this, the area between Tamandaré (PE) and Barra de Camaragibe
(AL), now occupied by at least 15 released manatees (Normande et al.,
2016) was not considered a possible discontinuity area here when

analysing movements and the existence of subpopulations.
There are four studies in Brazil on the species’ movements, three
considering animals rehabilitated and released back into the wild and
one with wild animals. The first one (Lima et al., 2012) reported
movements of 13 rehabilitated animals released in PB and AL. Five of
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these were monitored for more than one year, with two animals
remaining at the release site, one female traveling 151 km, one male
415 km, and another 670 km. The authors indicated that the animals
reduced activity after long-distance exploratory travels observed after
release. The second study also involved released animals in PB and AL,
13 males and eight females, tracked from November 2008 to June 2013
(Normande et al. 2016). The home range (kernel 95%) estimated size
varied from 4.24 to 30.96 km2 (mean = 11.56 ± 8.60), with no influence
of age and sex. Maximum linear distance (MLD) traveled by the animals
ranged from 2.38 to 172.18 km (mean = 29.67 ± 41.31). The third study
reported the movement of six rehabilitated manatees released between
1994 and 2012 in PB, SE, and BA (Santos et al., 2022). Individual home
ranges varied from 2.56 to 42.07 km2, with males having larger home
ranges. The authors did not report MLD traveled by the animals, how
ever we estimated it at 40 km based on the provided maps.
In the last study (Petrobras, 2014), movements of six wild-captured
animals were monitored in CE, with estimated home ranges varying
from 21.93 to 155.56 km2 (mean = 65.39 ± 49.15). An adult male had
the largest home range, and a female with calf had the smallest (Pet
robras, 2014). Although the author did not provide the MLD values, we
estimated the maximum MLD at 68 km based on the maps. The search
for receptive females is a possible reason for the longer distance move
ments of adult male manatees (Bengtson, 1981).
According to these results, there is no evidence of long-distance
seasonal migration of West Indian manatees in Brazil as observed in
Florida, where water temperature plays an important role in the species
movements (Deutsch et al., 2003). Several ecological studies in Brazil
reported manatee presence year-round (Paludo & Langguth, 2002;
Alves, 2007; Alvite, 2008; Favero et al., 2020), with seasonal variation
in abundance possibly related to freshwater (Favero et al., 2020) and
food availability (Alvite, 2008). Thus, it is more plausible to expect
resident manatee populations in Brazil, with animals making shortdistance movements.
Given the mobility of the species, manatees may travel through the
discontinuities. However, it is unlikely they move through Area 2. Of the
six manatees captured and marked east of Area 2, none crossed it
(Petrobras, 2014). Thus, this discontinuity area can be acting as a bar
rier, separating the species in subpopulations. However, due to the small
sample size and the lack of other evidence that confirms this separation
(e.g., genetics; Lima et al., 2021; Luna et al., 2021), we did not consider
these areas to be separating manatees in subpopulations. Thus, for this
assessment, the West Indian manatee population in Brazil was not
considered severely fragmented, i.e., “most individuals are found in
small and relatively isolated subpopulations” (IUCN, 2019). This sce
nario can change once more information on movements and genetics
becomes available.
For Criterion B evaluation, the current EOO of T. manatus in Brazil
(22,611 km2) including all areas of unsuitable habitat (3,192 km2) and
those within the range where the species once existed (9,096 km2) was
estimated at 34,899 km2 (Supplementary Material Table S1). These
areas were included following the guidelines: “for assessments of crite
rion B1, exclusion of areas forming discontinuities or disjunctions from
estimates of EOO is strongly discouraged”. To qualify for this criterion,
EOO must be smaller than 20,000 km2. Thus, this requirement was not
met, and the species does not qualify under this Criterion for one of the
categories of threat. Excluding unsuitable areas and areas where the
species is extinct, and including the reintroduction area, between
Tamandaré (PE) and Barra de Camaragibe (AL), the EOO is 22,831 km2.

in the population, with a high degree of uncertainty (CV = 35%) re
ported by Petrobras (2014). Due to the high uncertainty of the abun
dance estimate, the lower bound of 312 was adopted here considering a
precautionary approach. In the Criterion A analyses, all the projected
scenarios using the lower abundance bound resulted in declines higher
than 80% (Table 4). Thus, pondering this information, the species can be
considered “Endangered” in Brazil, considering:.
C: < 2,500 mature individuals AND.
C1: An observed, estimated or projected continuing decline of at least
20% in two generations (46 years).
3.1.4. Criterion D: Very small or restricted population
With 58% of mature animals and a population size of 1,047 in
dividuals (95% CI: 538–2038), the number of mature animals would be
607 (95% CI: 312–1182), however with a high degree of uncertainty, as
discussed before. Thus, following the guidelines, we adopted a precau
tionary approach and considered the lower abundance value (3 1 2)
more adequate. Consequently, the species could be classified as
“Vulnerable” under this criterion:.
D1: Number of mature individuals < 1,000.
Considering all the evaluated Criteria, the highest extinction risk
category of T. manatus in Brazil is “Critically Endangered”, based on
A4de (Fig. 3).
3.2. Step 3
3.2.1. 3a) does the regional population experience any significant
immigration of propagules likely to reproduce in the region?
There is no information on T. manatus movements on the border of
Brazil and French Guiana. However, this area is included in an inter
specific hybrid zone that separates the two ESUs previously discussed
(Fig. 1), and isolates the Brazilian ESU (Vilaça et al., 2019; Lima et al.,
2021). According to IUCN (2012b), if the taxon is endemic to the region
or the regional population is isolated, the Red List Category defined by
the criteria should be adopted unaltered.
We believe it is highly unlikely that manatee populations from
French Guiana (where all analysed manatees were shown to be hybrids
or Amazonian manatees), Suriname, Guyana, Venezuela, and even
Colombia can act as sources for the Brazilian population, for two rea
sons. First, source populations are those that are growing and exporting
individuals for sink populations, where mortality exceeds natality (Dias,
1996). However, none of those populations are known to be increasing.
Instead, West Indian manatee is considered ‘Endangered’ in French
Guiana (IUCN France et al., 2017) and Colombia (Caicedo-Herrera et al.,
2004), and ‘Critically Endangered’ in Venezuela (Boede et al., 2015),
while extinction risk was not assessed in Guyana and Suriname. Besides,
in all these countries manatee populations are probably declining (de
Thoisy et al., 2003; Spiegelberger & Ganslosser, 2005; Quintana-Rizzo &
Reynolds, 2010; Castelblanco-Martinez et al., 2012). Furthermore, a
common role for an interspecific hybrid zone is to act as a sink of di
versity. In this case, the diversity is provided by populations of
T. inunguis and Brazilian and Caribbean ESUs of T. manatus (Lima et al.
2021).
Second, outside the U.S., telemetry data suggest that T. manatus does
not perform long-distance migration (Castelblanco-Martínez et al.,
2013; Petrobras, 2014; Normande et al., 2015), and even in the absence
of geographical barriers, genetic studies indicate that there is no largescale dispersal (Garcia-Rodriguez et al., 1998; Hunter et al., 2010;
Gómez-Carrasco et al., 2018). Disregarding the hybrid zone, the fact that
animals from neighboring countries did not recolonize the Lesser
Antilles reinforces the unlikeliness of a long-distance dispersion of ani
mals to Brazil. Thus, it is highly improbable that these populations are a
demographic source, and no substantial rescue effect (i.e., a lower
extinct risk due to immigration) can be expected.
Although Luna et al. (2021) indicated contemporary gene flow from
eastern Venezuela and Guyana to Brazil based on observed admixture in

3.1.3. Criterion C: Small population size and decline
Manatee population size was projected to the whole Brazilian coast
based on the density (0.03; 95% CI: 0.015–0.058) (see Criterion A re
sults) estimated for CE and RN (Petrobras, 2014), where the estimated
EOO includes the discontinuities (34,899 km2), resulting in an abun
dance of 1,047 (95% CI: 538–2038). As discussed before, the proportion
of mature animals was 58%, or 607 (95% CI: 312–1182) mature animals
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Fig. 3. Diagram with a summary of the IUCN Red List Assessment performed in this study with IUCN Criterion, Eligibility and Threatened Category. The final
decision, i.e., the highest threatened category, is indicated by a red contour rectangle. EOO: Extent of Occurrence. (For interpretation of the references to colour in
this figure legend, the reader is referred to the web version of this article.)

microsatellite studies, the authors did not estimate the timing and di
rection of gene flow. Besides, they have not considered that these pop
ulations are likely part of the hybrid zone where second, third and fourth
generation hybrids (introgressed) with ¼ or more of T. manatus DNA are
found; and have not included data for populations from Colombia and
other countries belonging to the Caribbean ESU (Lima et al., 2021), even
though data for the same microsatellite markers are available for
Colombian manatees (Satizábal et al., 2012). Additionally, the fact that
gene flow is particularly difficult to distinguish from shared ancestral
variation (incomplete lineage sorting) was not explored or discussed by
Luna et al. (2021). Both scenarios produce a similar pattern of allele
sharing (Marko & Hart, 2011), particularly for microsatellite data.
Incomplete sorting and admixture produce similar genetic patterns, and
the sharing of alleles in two lineages may thus be the result of either
process or both (Qu et al., 2012). Furthermore, all results in Luna et al.
(2021) indicate a strong genetic difference between Brazilian and
Venezuela/Guyana manatee populations that corroborates other ge
netics (Lima et al., 2021) and morphological (Barros et al., 2017) studies
and reinforces the unlikely nature of a rescue effect from these countries
to Brazil. Consequently, the category identified in step 2 should be left
unaltered and T. manatus listed as ‘Critically endangered’ in Brazil.

Based on the provided information, we suppose this categorization was
based on population reduction in the past, evidenced by range constraint
and the small population size of 500 animals (Lima, 1997; Luna, 2001).
However, in 2014 T. manatus was unexpectedly downlisted to ‘Endan
gered’ (EN) based on A4cde and C1 (MMA, 2014). Unexpected for two
reasons: first, the IUCN guidelines (IUCN, 2019) recommend that if an
assessment results in downlisting a species, this should not result in
automatic reassignment to a lower category of threat. Instead, it should
remain in the higher threat category until a re-evaluation may be con
ducted; second, because no data to support this decision was presented.
According to Luna et al. (2018), who detailed the categorization pub
lished by MMA in 2014, better knowledge about the taxon and a genuine
improvement in the conservation status of the species resulted in this
reassignment to a lower category of threat. However, all the information
presented and the authors’ conclusions indicated that the T. manatus
population size is declining, and impacts are increasing, with no signs of
recovery. Additionally, evidence to suspect a population reduction of
more than 50% in three generations (A4cde) or at least 20% in two
generations (C1) were not presented. Curiously, in this assessment
(MMA, 2014), the abundance of 500 manatees in the country was
considered (Luna et al., 2018), although strip transect aerial surveys
from PI to AL states indicated at least 485 animals in northeastern Brazil
(Alves et al., 2016). If only 500 animals inhabited the Brazilian coast,
considering the uncertainty, the number of mature animals would
be<250, and the species could be categorized as CR based on C1 by
MMA (2014). Thus, we believe that the West Indian manatee category
was applied in error because the assessors misunderstood the IUCN Red
List Criteria.
The IUCN Red List extinction risk assessment is a rigorous process,
with quantitative criteria that grant objectivity and transparency to the
evaluation (Mace et al., 2008). During the process, experts need to verify
if available data are sufficient to apply these criteria. However, complete
data are rarely available for the entire range of the taxon being evalu
ated. That is why in case of incomplete information, in most scenarios,
important parameters need to be estimated, inferred, projected and/or
suspected, as urged by the guidelines (IUCN, 2019). However, even
suspicion needs evidence, e.g., “evidence of the amount of habitat loss
can be used to suspect a population reduction at a particular rate”
(IUCN, 2019); and categories should not be assigned based on unstruc
tured expert opinion (Collen et al., 2016). In the absence of population
size data, even limited information can be used by assessors to make a
determination of trends (Mace et al., 2008). Thus, in addition to gath
ering available information and consulting experts, assessors usually
need to work on the existing data to apply the criteria. Applying IUCN
criteria with little available data was in fact indicated as one of the major
concerns when elaborating national threatened species list (Miller et al.,
2007). According to the authors, this issue can be handled by improving
communication between assessors and generating information based on
available data. These approaches can reduce the chances of

4. Discussion
We conclude that the West Indian manatee population of Brazil is
very likely to decline in the near future at high levels, justifying its
classification as ‘Critically Endangered’ (CR) in the country under the
IUCN red list criteria, and therefore, by definition, facing an “extremely
high risk of extinction in the wild” (IUCN, 2012a). An important decline
in the past caused by hunting resulted in range constriction and low
abundance, and even with an apparent large range nowadays (greater
than20,000 km2), the species inhabits areas of high human concentra
tion and impacts (Alves et al., 2013a). Therefore, the projected mortality
exceeds the ability of the species to grow. As advised by the guidelines,
we took a precautionary approach and used data that led to a higher risk
categorization in each criterion but avoided the worst-case scenario.
This is considered the best approach for making an urgent decision
based on limited information (Collen et al., 2016). Thus, we believe our
assessment fairly accurately reflects extinction risk for T. manatus in
Brazil.
Although the West Indian manatee has been listed on the Brazilian
national threatened species list since 1973 (IBDF, 1973), the first
extinction risk assessments considering the species were published as
part of the Aquatic Mammal National Plans I and II (IBAMA, 1997,
2001), that classified it as CR. In 2005, based on criteria A2c and C1, the
species was again classified as CR (Machado et al., 2005), nevertheless
the authors did not provide details on this assessment. These documents
used IUCN Red List Criteria for Global assessments, however detailed
information on the criteria used for this classification were not informed.
10

A.C.O. Meirelles et al.

Journal for Nature Conservation 67 (2022) 126169

misclassification and especially erroneous downlisting, that can give the
false impression of a reduced risk of extinction and consequently lead to
a reduction in conservation effort.
It is important to highlight that we are not against the T. manatus
downlisting in Brazil. On the contrary, we consider that a reassignment
to a lower threat category, when made based on better information and/
or following the implementation of successful conservation measures, is
a positive outcome and, of course, deserves celebration. The giant panda
(Ailuropoda melanoleuca) and the snow leopard (Panthera uncia) are
important examples of species that were globally downlisted from En
dangered to Vulnerable due to better information (McCarthy et al.,
2017), and a genuine improvement in the conservation status (Swais
good et al., 2016), respectively. Understandably, there is usually strong
resistance to downlisting, which may remove eligibility for funding and
reduce research and conservation efforts, that in fact is important to
prevent species from an uplisting in the future (Mallon & Jackson,
2017). However, this is not the case here. Neither Luna et al. (2018)
presented evidence to the downlisting, nor did our results point to a
lower threat category. It is also important to mention that, although the
first author of this study (ACOM) joined the aquatic mammal assessment
workshop held by the Brazilian government in 2011 (published by
MMA, 2014 and Luna et al., 2018), several species were categorized
based only on data previously gathered from the literature by some
selected experts. Even though there was no unanimity to downlisting the
West Indian manatee extinction risk during the workshop, this decision
prevailed among the participants, even considering the lack of evidence
to state an improvement in the species conservation status.
The CR classification indicates that currently, even without hunting
pressure in part of the species range and the massive conservation
measures adopted in recent decades (Luna & Passavante, 2010; Andrade
et al., 2011; Meirelles & Carvalho, 2016; ICMBio, 2018), human impacts
will not allow the species to recover. Unfortunately, oceans and marine
biodiversity are experiencing substantially increasing cumulative
human impacts, especially in coastal areas (Halpern et al., 2015; Hal
pern et al., 2019; O’Hara et al., 2021), where T. manatus inhabits. Thus,
the intensity of several anthropogenic stressors on this species range will
highly likely increase in the coming decades, indicating that reducing
West Indian mortality will be an enormous challenge. In fact, nowadays
the conservation of coastal species is already a globally recognized
challenge, even for species with small ranges and known primary
threats, such as the vaquita, Phocoena sinus (Jaramillo-Legorreta et al.,
2007; Rojas-Bracho & Taylor, 2017), and the Hector’s dolphin (Cepha
lorhynchus hectori) (Reeves et al., 2013). Furthermore, considering the
relatively large range of the West Indian manatee in Brazil, inhabiting
several heavily impacted coastal areas near large cities (Alves et al.,
2013a), and depending on healthy freshwater resources, reducing im
pacts and reversing population decline is an even larger task.
Considering the methods to estimate geographic range, we believe
that the use of MCP to estimate EOO was inadequate for T. manatus in
Brazil. Although this method was indicated by IUCN (2019), even for
coastal species, the polygons generated by the method excluded several
areas where the species probably occurs and included areas where the
species does not occur, deeper than 10 m, as discussed before. We
believe that the complex coastal morphology associated with the large
species range resulted in these polygons. For this reason, we decided to
erase some areas and include others that we considered within the
range. We believe the EOO estimate was more accurate than through the
MCP method with these approaches. Similarly, the use of MCP to esti
mate the EOO of species distributed within narrow bands has been
criticized for the same reasons exposed here (de Castro Pena et al., 2014;
Joppa et al., 2016), and can lead to incorrect categorizations, indicating
it should be applied carefully.

assessing the extinction risk of the West Indian manatee in Brazil.
Although available data on the species abundance and mortality is
incomplete to apply the IUCN criteria, we worked with limited infor
mation following the guidelines, inferring, projecting, and suspecting
based on evidence to produce information and properly evaluate the
West Indian manatee risk of extinction. The results indicate that
T. manatus is ‘Critically Endangered’ in Brazil due to the extremely high
(≥80%) suspected and projected population reduction in the past and
the future. Furthermore, although important mortality causes were
reduced in some parts of the range of the species, such as hunting, other
threats are increasing and are not expected to decrease in the coming
decades.
We believe that our findings raise a red flag and indicate that
T. manatus conservation actions effectiveness in Brazil needs to be
evaluated. Important and successful conservation actions have been
implemented by the federal government, universities, and nongovernmental institutions through the National Action Plan (Andrade
et al., 2011; ICMBio, 2018) and institutional initiatives (see a review in
Meirelles et al., 2016a). Without these actions, the species conservation
status would probably be of even greater concern. We consider these
plans are essential management tools, built in a participatory way, to
identify, plan and prioritize conservation actions and must have conti
nuity. However, there is no rigorous evidence on whether these strate
gies are effective at improving the species conservation outcomes.
Actually, this kind of evaluation is rarely conducted and/or published
(McIntosh et al., 2018), although it can guide investments, decisions and
increase learning for future plans (Bottrill & Pressey, 2012). In our
opinion, the species downlisting on the national threatened species list is
not an outcome indicator, because, as discussed before, IUCN guidelines
were not properly applied on the last assessment, lacking evidence to
support suspicions.
Defining priority areas for conservation is also an important
approach (Chatwin, 2007; Choi, 2011). Those identified areas can be
considered during the elaboration of action plans to reduce location bias
related to the presence of research institutions or/and high manatee
abundance and/or concentration. Location biases are commonly
observed in research and conservation projects (Boakes et al., 2010;
Hickisch et al., 2019; Piccolo et al., 2020), and can jeopardize conser
vation outcomes (Botts et al., 2011; Piccolo et al., 2020).
Furthermore, although the Brazilian government has notably con
ducted the species assessment including experts’ contribution, we
believe that additional efforts to generate information using available
data can result in more accurate categorizations. Additionally, training
the assessors on IUCN guidelines before filling out the assessment doc
uments and holding the workshops would also increase assessor
knowledge on the process and improve discussions. Besides a unique
workshop to assess all marine mammal species, we suggest that species
previously classified in a threatened category should be evaluated in
specific workshops. We hope that our results can contribute to future
national and global assessments, promoting suitable categorizations and
identifying priority conservation measures.
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dá outras providências. https://www.icmbio.gov.br/cma/images/stories/
Legislacao/Leis/Lei_5197_3dejan1967.pdf.
Buckland, S. T., Rexstad, E. A., Marques, T. A., & Oedekoven, C. S. (2015). Distance
sampling: methods and applications. New York, NY, USA: Springer.
Bullen, C. D., Campos, A. A., Gregr, E. J., McKechnie, I., & Chan, K. M. A. (2021). The
ghost of a giant – Six hypotheses for how an extinct megaherbivore structured kelp
forests across the North Pacific Rim. Global Ecology and Biogeography, 30,
2101–2118. https://doi.org/10.1111/geb.13370
Caicedo-Herrera, D., Trujillo, F., Rodríguez, C. L., & Rivera, M. A. (2004). Programa
Nacional para la Conservación y Manejo de los Manatíes (Trichechus sp.) en Colombia.
Fundación Omacha-Ministerio de Ambiente, Vivienda y Desarrollo Territorial.
Carvalho, C. C. (2019). Ecologia alimentar de peixes-boi no Brasil com base em análises
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(Trichechus manatus manatus) em duas áreas de manguezais e marismas no Maranhão.
M.Sc. Thesis. Universidade Federal do Maranhão.
Andrade, M.C.M., Luna, F.O., & Reis, M.L. (2011). Plano de ação nacional para a
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Editora e Artes Gráficas -São Paulo. Available at: https://www.researchgate.net/
publication/339723813_Peixe-boi-marinho_biologia_e_conservacao_no_Brasil_West_
Indian_manatee_biology_and_conservation_in_Brazil.
Meirelles, A. C. O., Monteiro-Neto, C., Martins, A. M., Costa, A. F., Barros, H. M., &
Alves, M. D. O. (2009b). Cetacean strandings on the coast of Ceará, north-eastern
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Mamíferos Aquáticos, Salvador, Brazil.

15

