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ABSTRACT

1. The Antilleanmanatee (Trichechus manatus manatus), a subspecies of theWest Indianmanatee, is a large-bodied
marine mammal found in fresh, brackish, and marine habitats throughout the Caribbean Islands and Central and
South America. Antillean manatees in Brazil are classified as critically endangered, with a census size of
approximately 500 individuals. The population in the Northeast region of Brazil is suspected to have approximately
300 manatees and is threatened by habitat alteration and incidental entanglement in fishing gear.

2. A high incidence of dependent calf strandings have been identified near areas of altered critical manatee
habitat. The majority of the calves are neonates, discovered alive, with no potential mothers nearby. These
calves typically require human intervention to survive.

3. Since 1989 the calves have been rescued (N=67), rehabilitated, and released (N=25) to supplement the small
wild manatee population. The rescued calves, and those born in captivity, are typically, not released to their rescue
location, mainly for logistical reasons. Therefore, phylogeographic analyses can help to identify related
populations and appropriate release sites.

4. Here, mitochondrial DNA analyses identified low haplotype (h=0.08) and nucleotide (p=0.0026) genetic
diversity in three closely related haplotypes. All three haplotypes (M01, M03, and a previously unidentified
haplotype, M04) were found in the northern portion of the region, while only a single haplotype (M01) was
represented in the south. This suggests the presence of two genetic groups with a central mixing zone. Release
of rehabilitated calves to unrelated populations may result in genetic swamping of locally adapted alleles or
genotypes, limiting the evolutionary potential of the population.

5. The small population size coupled with low genetic diversity indicates that the Northeast Brazil manatee
population is susceptible to inbreeding depression and possible local extinction. Further conservation measures
incorporating genetic information could be beneficial to the critically endangered Brazilian manatee population.
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INTRODUCTION

Anthropogenic threats and a low reproductive rate
have historically limited West Indian manatee

(Trichechus manatus) population growth. As a
result, the Antillean manatee subspecies (T. m.
manatus) is classified as endangered by the
International Union for the Conservation of
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Nature (IUCN), and the population in Brazil is
classified as critically endangered by the
Brazilian government (IBAMA, 1989; MMA,
2003; Self-Sullivan and Mignucci-Giannoni, 2008).
During Brazilian colonization by Portugal,
manatees were severely exploited for sustenance and
commercial activities (Domning, 1981, 1982).
Consequently, the distribution and abundance of the
population was considerably diminished, although
no census estimates were reported (Whitehead,
1977; Domning, 1981; O’Shea, 1994). The current
estimate of Antillean manatees in Brazil is
approximately 500 individuals (Lima, 1997; Luna,
2001; Luna et al., 2008). The Northeast regional
population is estimated to be 278 individuals (Lima,
1997), not including Maranhão state (MA) to the
north (Figure 1). Low genetic connectivity is
observed between Brazil and the neighbouring
manatee populations in French Guiana and Guyana
(Vianna et al., 2006). In 1967, Brazilian federal laws
were enacted to protect manatees from hunting

pressures throughout their distribution, from
Amapá to Espírito Santo (Whitehead, 1978). Even
with this protection, Brazilian manatees are severely
threatened in some areas and the subspecies is
classified as extinct in the southern portion of the
range, from Sergipe (SE) to Espírito Santo
(Albuquerque and Marcovaldi, 1982; Lima et al.,
1992) and along the Alagoas (AL) and Pernambuco
(PE) state boundary (Lima, 1997; Luna, 2001).

Once the hunting pressures were removed,
incidental fishing gear entanglement and stranding
of dependent calves became the main causes of
mortality for the Antillean manatee population in
the Northeast region of Brazil (Oliveira et al.,
1990; Paludo, 1998). Lima (1997) suggested that
pregnant females are not gaining access to quiet and
protected estuarine waters to give birth. Therefore,
the calves are born in open water with strong winds
and coastal currents, which often results in their
separation from their mother. Critical habitat
degradation through urban development and

Figure 1. Map of Antillean manatee haplotype distribution in the Northeast region of Brazil. Locations of cities where the releases occur are
demarcated by the international manatee symbol. National Protected Areas (APAs) are demarcated by a line. The states are as follows, Maranhão

(MA), Piauí (PI), Ceará (CE), Rio Grande do Norte (RN), Paraíba (PB), Pernambuco (PE), and Alagoas (AL).
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shrimp farm construction has resulted in extensive
mangrove deforestation and is attributed to the
increase in manatee calf strandings (Meirelles, 2008).

Calf strandings occur mostly in Ceará (CE) and
Rio Grande do Norte (RN), but also in Paraíba
(PB), AL, PE, and MA states (Figure 1). Calves
recovered alive are rescued by institutions of
the Stranding Network of Northeast Brazil
(REMANE), including Aquasis, UERN, and Rebio
Atol das Rocas/Chico Mendes Institute for
Biodiversity Conservation (ICMBio). Typically, local
fishermen and citizens discover the calves stranded
above the surf zone with the umbilicus still attached,
suggesting that the calf separated from the cow soon
after birth. On average, manatee calves remain with
their mothers for 2–3 years and would be unlikely to
survive without rescue (Reep and Bonde, 2006). The
calves are transported to the Brazilian National
Center of Research and Conservation of Aquatic
Mammals (CMA) of the ICMBio in Itamaracá, PE,
Brazil. These calves, and those born in captivity since
1997, are reared at CMA until they can be
reintroduced into the wild population.

Molecular studies can be used to determine
appropriate source populations of releasable
individuals and to monitor the genetic composition
of populations after the release of rehabilitated
individuals (Sarrazin and Barbault, 1996). Allendorf
and Luikart (2007) stress that when working with
wild animals, ‘genetics should be considered in all
reintroductions, introductions, and translocations.’
Genetic diversity, effective population size and
reproductive contribution of released individuals can
also be estimated using molecular techniques before
and after release (Allendorf and Luikart, 2007).

The mitochondrial DNA (mtDNA) control
region from rescued calves, calves born in
captivity, and wild manatee carcasses from all age
groups was analysed genetically in this study. A
previous mtDNA control region study identified
low haplotype (h=0.0667) and nucleotide
(p=0.0002) diversity in Antillean manatees in
coastal Brazil (Vianna et al., 2006). The study
reported only two Antillean haplotypes (M01 and
M03) from 30 individuals (excluding a suspected
hybrid), with M03 identified only once (Vianna
et al., 2006). In that study, no sample or haplotype
locations were provided. Therefore, geographic
haplotype frequency and regional genetic variation
are addressed here to aid selection of release sites for
rehabilitated calves. Manatees from certain localities
may be better adapted to specific habitats,
vegetation types, and seasonal differences, and may

have particular migration or behavioural knowledge.
Furthermore, genetic swamping or outbreeding
depression is possible when individuals from other
localities are introduced into areas without their
genetic signature (Frankham et al., 2002).

The objective of this study was to characterize
the geographic distribution of haplotypes and
genetically related subpopulations of manatees in
Northeast Brazil and to identify the haplotypes
of rescued and rehabilitated manatees. This
information will help to determine the appropriate or
ideal alternative release locations of rehabilitated and
captive-born T. m. manatus calves. Conservation
implications will be discussed for this small, critically
endangered manatee population.

MATERIALS AND METHODS

Sample collection and DNA extraction

Beginning in 1989, stranded calves were rescued
in seven Brazilian states along the Northeast
Atlantic coast by CMA and REMANE (Figure 1).
Stranded calves are typically identified by local
fishermen and are transported to CMA by either
airplane or automobile after receiving supportive
care from institutions affiliated with the REMANE.
Blood and epidermis tissue collected from rescued
calves (N=47) were archived by the CMA/ICMBio
from 1990 to November 2010. Additionally,
recovered calf carcasses (N=5), adult carcasses
(N=10), captive-born calves (N=9), captive adults
(N=1), and placenta (N=1) samples were archived,
resulting in a total of 73 samples. Vianna et al.
(2006) also used samples from the CMA archive,
however, the study focused on range-wide species
patterns and no sample or location information
was provided for the Brazil samples. Therefore,
all available samples and associated geographic
information were analysed for this study.

The blood samples were preserved in EDTA or
lysis solution (10mmol L-1 NaCl, 100mmol L-1

EDTA, 100mmol L-1 Tris (pH 8), and 1% (w/v)
SDS). Muscle and skin tissues were preserved in
70–90% ethanol or in a saturated salt solution
buffer (saturated NaCl, 250mmol L-1 EDTA (pH
7.5) and 20% v/v DMSO). Additionally, after
observing parturition in the wild, a placenta was
collected and preserved in 10% formalin. Brazil
manatee genomic DNA was isolated using Qiagen’s
DNeasy Blood and Tissue kits (Valencia, California)
for 71 blood and tissues samples and one placenta
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sample, while a single carcass sample was isolated
using traditional phenol chloroform techniques, due
to the decomposed state of the sample.

Mitochondrial DNA analysis

Primers from Garcia-Rodriguez et al. (2000), CR-4
and CR-5 (Southern et al., 1988; Palumbi et al.,
1991) were used to amplify a 410 base pair portion
of the mtDNA control region displacement loop.
The mtDNA control region was PCR amplified
following the techniques described by Hunter et al.
(2010). Briefly, the PCR reaction conditions were as
follows: 10 ng DNA, 1�PCR buffer (10mmol L-1

Tris–HCl, pH 8.3, 50mmol L-1 KCl, 0.001%
gelatin; Sigma-Aldrich, Inc., St. Louis MO),
0.8mmol L-1 dNTP, 3mmol L-1 MgCl2, 0.24mmol
L-1 of each primer, 0.04 units of Sigma Jump Start
TaqDNA polymerase. The PCR cycling profile
was: 5min at 94�C; then 35 cycles of 1min at 94�C,
1min at 55�C, 1min at 72�C; then 10min at 72�C.
Amplified products were purified using the Qiaquick
PCR purification kit (Qiagen). DNA sequencing
was accomplished in the DNA Sequencing Core
at the University of Florida, Gainesville, FL with
the BigDye terminator protocol developed by
Applied Biosystems Inc. using fluorescently labelled
dideoxynucleotides. To verify sequences, haplotypes
were aligned with manatee sequences located in
GenBank using the default settings in GENEIOUS

5.3.5 (Drummond et al., 2011).

Mitochondrial statistical analysis

Estimates of sequence divergence were obtained
under the assumptions of the Kimura 2-parameter
genetic distance model (Kimura, 1980; Jin and
Nei, 1990). The variance distribution was based on
haplotype frequencies alone; all haplotypes were
treated as equally differentiated. The genetic
diversity (h), nucleotide diversity (p), and the
number of nucleotide substitutions (NS; Nei, 1987;
Tajima, 1993) were calculated for each group
using GENALEX 6.41 (Peakall and Smouse, 2006)
and MEGA 4 (Tamura et al., 2007).

RESULTS

Northeast Brazilian manatee populations exhibit
strong phylogeographic division and low haplotype
diversity

Manatee mtDNA sequences in GenBank (NCBI)
were compared with the Brazil samples sequenced
for this study. Of the 73 individuals sampled, 69
were M01, one was M03, and three were M04
(a previously unidentified haplotype (GenBank
accession number JX171295)). Genetic diversity
statistics for the samples as a whole indicate that
within Brazil there is a low chance of randomly
drawing two different haplotypes (Table 1). Two
polymorphic sites, with 0.49% maximum sequence
divergence, and two nucleotide substitutions were
identified in the three haplotypes, indicating low
levels of nucleotide divergence among haplotypes.

TheM01 haplotypes (N=69) were found fromPiauí
state (PI) to AL, however, they were not found inMA,
the most northern state in the Northeast region of
Brazil (Figure 1). The previously unidentified
haplotype, M04 (N=3), was found in one calf and
one carcass in MA and in one placenta in PI
(Table 2). The M04 calf from MA is designated as
releasable at this time. An M03 calf was also
identified from MA, although it was released in AL
in 2001 after rehabilitation.

Rescue, rehabilitation, and release of manatee calves
from 1989–2011

From 1989 to February 2011, CMA received 67
rescued calves. After successful rehabilitation, 25
calves have been released in two different National
Protected Areas (APAs; ICMBio): APA da Barra
de Mamanguape (PB state) and APA Costa dos
Corais (AL state; Figure 1). In addition, following
sample collection, a rescued calf was reunited with
its mother after the cow was found in the area.
The first manatee release event, a male and female
pair, known as ‘Astro and Lua,’ occurred in 1994
in a third site, Paripueira, AL, which was
subsequently designated as a conservation area in

Table 1. Population parameters for allTrichechus manatus categories: sample size (N), HT (identified haplotypes),NS (number of nucleotide substitutions),
h (haplotype diversity), and p (nucleotide diversity)

Sample category N HT NS h p

Stranded live calves* 47 M01,M03, M04 2 0.043 0.00021
Carcasses and live adults 17 M01, M04 1 0.221 0.00054
Captive-born calves 9 M01 0 0 0
Total 73 - 2 0.08 0.00262

*Including a calf released immediately after rescue.
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1997 (Lima, 2008). Of the 25 calves released in AL
or PB, 22 came from the distant northern states of
MA, CE, and RN. Currently, an additional 13
manatees are designated as healthy and releasable.
However, one is potentially inbred and a second
had an aberrant number of chromosomes for the
West Indian manatee (N=50), suggesting F2
hybridization with an Amazonian manatee
(Vianna et al., 2006). Additional genetic analysis
could help to determine their genetic disposition
before release. A second group of six calves are
candidates for release in the near future.

DISCUSSION

The high incidence of dependent calf strandings in
Brazil has been reported since 1987, however, the
rescues began in 1989 (Paludo, 1998; Parente et al.,
2004; Meirelles, 2008). The rescue and rehabilitation
programme makes every effort to return rehabilitated
calves to the wild to supplement the small manatee
population in Brazil. Conservation biologists typically
recommend releasing animals at the site of rescue,
or if born in captivity, the location where the
mother was captured (Waples and Stagoll, 1997).
However, release at the site of rescue is not
advised when the area has anthropogenic threats,
unsuitable or inappropriate habitat, or is not
easily accessible for post-release monitoring
(Waples and Stagoll, 1997).

Considering genetic information in the release of
rehabilitated and captive-born manatees

Rescued dependent calves and those conceived in
captivity are difficult to release successfully, since
they do not have knowledge of obtaining food,
water and shelter in the wild. A few rehabilitated
and released manatees had to be rescued a second
time by CMA, near the area of release. Since the
number of dependent stranded calves continues to

grow, captive breeding is not necessary for the
conservation of Brazil manatees at this time.
However, if the Brazilian manatee population needs
supplementation in the future, the development of a
captive breeding programme and studbook would
be necessary to prevent inbreeding. Furthermore,
genetic studies using nuclear DNA (nDNA) are
needed to aid in the determination of appropriate
release candidates. Some captive manatees are
suspected to be inbred, or hybridized from West
Indian and Amazonian species and could be
reproductively detrimental to the population if
released (Vianna et al., 2006).

Since mtDNA is maternally inherited and does not
recombine, it typically provides a historical perspective
of the population and may not provide fine-scale and
contemporary genetic sub-structure of the population.
Detailed studies using nDNA can help to identify
further sub-structuring or sub-populations in
manatees, especially in the Northeast Brazil
locations where the M01 haplotype was found
exclusively (Hunter et al., 2010). Quantifying
relatedness using nDNA markers could better
help to determine the most suitable release sites
for rehabilitated manatees.

Inbreeding depression in isolated Brazilian manatee
populations

The extinction of Antillean manatees along the
AL and PE state boundary has geographically
separated the small AL population from those to
the north (Figure 1). Reintroduction of manatees
in this region, specifically in the city of Porto de
Pedras, AL, could reconnect the AL population to
those in the north, minimize inbreeding depression,
and establish a continuous manatee population in
this area. Establishing a population within this
distribution gap could also provide an additional
Brazil population to aid in the recovery of the species.

Populations characterized by low diversity, small
size and isolation are at risk from inbreeding
depression, or further reduction of genetic diversity
and can become inbred rapidly with little warning
(Frankham, 1995; Bijlsma et al., 2000; Frankham
et al., 2002). Inbreeding depression is defined as a
reduction in the survival and fertility of the offspring
of related individuals. Diversity is considered
necessary for adaptation to environmental changes
and erosion of the currently low variation could
negatively affect the population in the near future
(Reusch and Wood, 2007).

Table 2. IdentifiedWest Indian manatee haplotypes by state of recovery
in the Northeast region of Brazil. Captive-born manatees were born
at CMA

Origin of the animal M01 M03 M04 Total samples

Maranhão (MA) - 1 2 3
Piauí (PI) 1 - 1 2
Ceará (CE) 21 - - 21
Rio Grande do Norte (RN) 20 - - 20
Paraíba (PB) 8 - - 8
Pernambuco (PE) 4 - - 4
Alagoas (AL) 6 - - 6
Captive-born (CMA) 9 - - 9
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Genetic swamping and outbreeding depression

The single manatee with the M03 haplotype is
presumably the same animal identified by Vianna
et al. (2006). This M03 individual was released in
2001 in AL (Lima, 2008), where only M01 has been
found in the wild previously. Additionally, many of
the other released calves were rescued from the
northern states of MA, CE, and the northern coast
of RN and may be distinct from the southern
populations in AL and PB at nDNA loci. The
release of genetically divergent individuals can result
in the genetic swamping of the local populations
(Frankham et al., 2002). Genetic swamping occurs
when gene flow from dense to sparse populations
causes the loss of locally adapted alleles or
genotypes (García-Ramos and Kirkpatrick, 1997;
Lenormand, 2002). In this case, immigration over
time reduces the population fitness and may result
in unfit hybrids, ultimately reducing the population
size (Allendorf and Luikart, 2007; Roberts et al.,
2010). Swamping of local gene pools can also occur
when individuals from multiple source populations
have interbred and their offspring are released
into areas with locally adapted individuals, as has
likely occurred with a number of captive-born,
released calves (Allendorf and Luikart, 2007).
Nuclear DNA data could help to determine the
degree to which interbreeding has occurred. The
release of manatees in areas with extirpated
populations, such as Porto de Pedras, could reduce
the effect of genetic swamping in an established
population (Alleaume-Benharira et al., 2006). A
re-established population should be supplemented
over time to avoid a genetic founder effect until
breeding from the surrounding populations occurs
or the population becomes sufficiently large.

Alternatively, outbreeding depression can occur
when separate populations adapted to similar
environmental conditions interbred. Outbreeding
depression results when gene complexes that interact
to produce favourable effects are disrupted in the
genetic cross (Frankham et al., 2002). Since the
Northeast regional population is small and has low
mtDNA diversity, release of genetically divergent
captive animals into the population could result in a
reduction of fitness due to outbreeding depression or
genetic swamping. Nuclear microsatellite analyses
could help to identify genetically divergent
populations to avoid detrimental genetic consequences.

According to Allendorf and Luikart (2007),
efforts should be made to release animals in

locations with the same haplotypes until nDNA
testing is completed. Intraspecific variation is also
needed for adaptive potential and could be
encouraged by using nDNA data as a guide. The
two release locations, AL and PB, were found to
contain the M01 haplotype, making it a prudent
location to release rehabilitated or captive born
M01 manatees at this time (Figure 1). However,
these locations would not be suitable for release of
individuals with M03 or M04 haplotypes, such as
the MA M04 calf currently classified as releasable.
However, the majority of the released calves
(N=22) with M01 haplotypes have originated from
distant locations and may be genetically different
from the release site populations at nDNA
loci. Animals released in non-natal locations
(genetically or environmentally) may be genetically
different at nDNA loci and may not be well
adapted to the local habitat, vegetation, diseases,
or seasonal changes (Frankham et al., 2002).

The new M04 haplotype was found in a calf and
carcass from MA and in a placenta from PI
(Table 2). Since haplotypes are passed to the
offspring from their mothers, both the mother and
calf associated with the placenta are expected to
be the M04 haplotype, bringing the total to two in
PI. It appears that PI could be a mixing zone, with
both M01 and M04 haplotypes present.

Conservation of Antillean manatees in Northeast
Brazil

The low levels of haplotype and nucleotide diversity
of the Northeast Brazilian manatee population are
indicative of small, isolated populations enduring
bottlenecks and/or long-term persecution (Jamieson
et al., 2006). Current management practices of
releasing manatees into areas containing non-
related individuals may be detrimental to the
population and affect the chances of survival of the
rehabilitated animals. Release to extirpated habitat,
such as Porto de Pedras, could limit genetic
swamping and outbreeding, while connecting the
isolated AL group to the northern population.
Releasing manatees together to improve their
adjustment to the wild may be beneficial, and
strong protections against hunting pressures would
need to continue.

Further studies focused on nDNAare anticipated to
provide more detail on the fine-scale phylogeographic
relationships of manatee populations throughout
Brazil. Identification of isolated or fragmented
populations is important, as lack of nuclear gene
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flow has been shown to have significant deleterious
effects on inbreeding, fitness, and population
sustainability (Frankham, 1995; Frankham et al.,
2002). Further monitoring and conservation
efforts will help to protect the critically
endangered Antillean manatee population in
Brazil.
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