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Abstract: The West Indian (Trichechus manatus) and Amazonian (T. inunguis) manatees have a sympatric 
occurrence at the mouth of the Amazon River. A result of this interspecific encounter is the occurrence of 
hybrids, which are frequently found along the coasts of Amapá state in Brazil, French Guiana and Guyana. 
Here we present new genetic evidence indicating the occurrence of a hybrid swarm along the Guianas Shield 
coastline, which is an interspecific hybrid zone that also separates T. manatus populations located east (Brazil) 
and west (Caribbean, Gulf of Mexico, Florida and Antilles). In addition, we suggest that this hybrid population 
occupies a peculiar mangrove-rich environment under strong influence of the Amazon River plume, which 
requires an independent management and should be considered a special conservation area.
Key words: Conservation Genetics, Hybrid zone, Introgression, Amazon River plume, Guianas coastline, 
Trichechus.
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INTRODUCTION

Conservation genetics provides important evidence 
for management of threatened species in nature 
and captivity (Frankel 1974, Caughley 1994). 
Currently, genetic data are used to understand the 
evolutionary dynamics of natural populations, 

which can be applied in conservation strategies 
to mitigate anthropogenic effects, allowing the 
persistence of species and their ecosystems in the 
medium and long term (Allendorf et al. 2010, Arif 
et al. 2011, Stronen and Paquet 2013). However, the 
conservation of interspecific hybrid populations is 
a matter of controversy, with the origin and context 
of hybridization (e.g., natural or anthropogenic) 
having to be considered in conservation policies 
(Jackiw et al. 2015). This conservation controversy 
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is mostly due to association of hybrids with 
outbreeding depression (OD) and possible 
deleterious effects on both parental species 
(Allendorf et al. 2001), especially in cases of 
direct or indirect anthropogenic influence, causing 
human-mediated population decline of endangered 
species under sympatry due to intrinsic OD (e.g., 
Pinto et al. 2016). 

In some cases, first generation hybrids are at 
least partially fertile and may cross with one of the 
parental species, resulting in introgression (Turner 
and Harr 2014, Balcova et al. 2016). These hybrids 
can compete for resources and reproductive 
priority, which may reduce the adaptive value of 
local populations of parental species and eventually 
lead to local or global extinction (Brumfield 2010, 
Wayne and Shaffer 2016). However, some natural 
hybrid populations may be more well adapted for 
survival in peculiar environments as compared to 
their non-hybrid parents (Allendorf et al. 2001, 
Fitzpatrick and Shaffer 2007), and may deserve 
particular protection (Jackiw et al. 2015). This 
is the case of hybrid zones with intermediate 
environments between the parental ones, where the 
hybrids possess ideal combinations of genes to live 
and thrive (Dong et al. 2003).

A case of interspecific hybridization is found 
in South American manatees, aquatic mammals 
represented by three species of the Trichechus 
genus (Mammalia, Sirenia, Trichechidae). In the 
Americas there are two species, the West Indian 
manatee (Trichechus manatus) that inhabits 
the tropical Caribbean and Atlantic coastlines, 
estuaries and adjacent riverine and lake systems; 
and the Amazonian manatee (T. inunguis) that is 
distributed along the Amazon River basin. Previous 
genetic studies have identified the occurrence of 
interspecific hybrids between these two manatee 
species close to the Amazon River mouth and 
along the Guianas Shield coastline, from Amapá 
state in Brazil to Guyana (Garcia-Rodriguez et al. 
1998, Vianna et al. 2006, Santos et al. 2016). This 

interspecific hybrid zone also separates two largely 
differentiated populations (or ESUs) of T. manatus, 
one found along the Brazilian coast, and the other 
distributed from Venezuela to Florida (USA) and 
the Antilles (Figure 1).

MATERIALS AND METHODS

To illustrate this hybridization event, we sequenced 
one nuclear (Recombination activating gene 1; 
RAG1) and one mitochondrial DNA (control 
region; CR) gene fragments of T. inunguis 
(Amazonas, Brazil) and T. manatus (Rio Grande 
do Norte, Brazil) as parental references, plus one 
hybrid previously identified by Vianna et al. (2006) 
from Amapá (Brazil), and five samples from French 
Guiana: Iracoubo, Awala, Mana, Kourou and an 
unknown locality. We amplified the gene fragments 
using primers previously reported (Murphy et al. 
2001). For each locus, the PCR mix was prepared 
with final volume of 25 μL, containing: 20 ng of 
genomic DNA; 1× buffer; 1.5 mM MgCl2; 0.5 
μM each primer, 200 μM dNTPs, and 0.5 units 
Platinum™ Taq DNA polymerase (Thermo Fisher 
Scientific). The cycles of amplification followed 
the conditions described by Vianna et al. (2006), 
with the annealing temperature of 58°C for RAG1. 
PCR products were purified by the polyethylene 
glycol (PEG) method (20% PEG 8000, 2.5M 
NaCl) (Santos-Júnior et al. 2015) and sequenced 
on the ABI 3130xl Genetic Analyser (Applied 
Biosystems) using the BigDye Termination v3.1 
Cycle Sequencing kit, with the same primers used 
for amplification. Chromatograms were analyzed 
in SeqScape v2.6 and consensus sequences were 
aligned using the Clustal W algorithm (Larkin 
et al. 2007) in the software MEGA7 (Tamura et 
al. 2013). A total of 767 bp and 410 bp were 
sequenced for RAG1 and CR, respectively. The 
RAG1 haplotypes were inferred in software 
DNAsp 5, using the algorithm Phase (Rozas et al. 
2003), and the parsimony network relationships for 
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CR and RAG1 haplotypes were estimated with the 
software POPART (Leigh and Bryant 2015) using 
the median-joining algorithm (Bandelt et al. 1999) 
(Figure 2).

We also performed a Bayesian phylogenetic 
analysis to show the relationship of the individuals 
from the hybrid zone and the parental species, 
using concatenated CR and RAG1 fragments. We 
selected the best partition scheme and nucleotide 
substitution models using model selection 
implemented in PartitionFinder v.2.1.1 (Lanfear 
et al. 2016), taking the codon positions of RAG1 
into account. For this, we used the linked model 
of branch lengths and an exact search. The model 
selection was made using a corrected-Akaike 
Information Criterion. We reconstructed the 
Bayesian phylogeny in MrBayes v3.2 (Ronquist et 
al. 2012), setting the best partition scheme and its 

optimal models (i.e., HKY+I for CR, HKY for 1st 
and 2nd codon positions of RAG1, and K80+I for 
the 3rd position). We made this analysis with two 
replicates, 1 x 106 generations, thinning 5000 and a 
burn-in of 20% of first generations. The stationarity 
and convergence were checked using the Tracer 
v1.6 (Rambaut et al. 2018).

RESULTS AND DISCUSSION

The phylogenetic networks of RAG1 and 
mtDNA CR (Figure 2) show the interspecific 
nature of individuals from the hybrid zone (green 
haplotypes). Five hybrids have shown T. inunguis 
CR (T, T2, R), and only one presented a T. manatus 
CR (J4), with a mixture of RAG1 alleles derived 
from both species.

The topology of the consensus tree for the 
concatenated RAG1 and CR fragments reveals 

Figure 1 - Map representing the distribution of Trichechus inunguis and T. manatus populations and the interspecific hybrid zone 
along the Guianas Shield coastline. The western and eastern distribution of both T. manatus evolutionary significant units (ESUs) 
is depicted, according to genetics, cytogenetics and skull morphology evidence (Vianna et al. 2006, Santos et al. 2016, Barros et 
al. 2017).
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a polytomy between individuals, with a clade 
constituted by all T. manatus, another clade formed 
by T. inunguis and most of individuals from the 
hybrid zone in intermediate positions (Figure 
3). A single hybrid (GFM423) is separated from 
other hybrids (M035, M065, M066, GFM297 
and GFM524) because it is the only one with a T. 
manatus mtDNA CR. The absence of monophyly 
of T. inunguis in relation to individuals from 
the hybrid zone is an expected pattern observed 
in many studies that include introgression or 
backcross hybrids (Haines et al. 2014, Halas and 
Simons 2014, Lecaudey et al. 2018). Although our 
phylogeny suggests that introgressed individuals 
are more related to T. inunguis than to T. manatus, 
this is likely an artefact because the concatenation 
results are generally biased towards the fragment 
with more variation (Liu et al. 2015), in our case 

the mtDNA CR. For mtDNA, the close relatedness 
between hybrids and T. inunguis had already been 
reported for French Guiana populations (Vianna 
et al. 2006). However, a larger contribution 
of genomic DNA from T. manatus among the 
backcross hybrids was recently shown by our group 
(Vilaça et al. 2019).

The environment conditions of the western 
Atlantic Ocean have a direct influence on 
distribution of local marine biota, showing the 
Guianas coastline as a barrier between many 
marine species and populations (Spalding et al. 
2007). The presence of hybrid manatees in this area 
under influence of the Amazon plume seems to be 
correlated both to the isolation of the western and 
eastern West Indian manatees (Figure 1) and the 
sympatric area between Amazonian and West Indian 
manatees (Vianna et al. 2006, Santos et al. 2016, 

Figure 2 - Median-joining networks showing the parsimony relationships between haplotypes for RAG1 gene (left) and mtDNA 
control region (CR) (right). The diameter of the circles is proportional to the number of individuals with each haplotype. The 
transversal traces on the branches indicate the number of nucleotide substitutions. The colors refer to Trichechus inunguis (blue); 
Trichechus manatus (red); and manatee samples from the hybrid zone (green).
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Barros et al. 2017). The coastal region between the 
mouths of the Amazon and Orinoco rivers (1500 
km of coastal South America) is known by peculiar 
estuarine-like characteristics (Anthony et al. 2013). 
This unique coastal dynamics is largely influenced 
by the massive suspended-sediment discharge, 
causing a mega-turbidity on the shelf, a growth of 
a subaqueous delta and an intermediary salinity 
(Anthony et al. 2013, 2014). All these factors have 
a direct influence on oceanic biodiversity, including 
commercial marine species, coral reef endemics 
and threatened species completely dependent on 
ecosystems such as estuaries, mudflats, sandy 
beaches and, particularly, littoral mangroves 
(Artigas et al. 2003).

CONCLUSIONS

The wild population of manatees on the Guianas 
coastline is composed by an introgressed 
population derived from interspecific crossings 
between T. manatus and T. inunguis (Vianna et al. 
2006, Santos et al. 2016), which likely happened 
on the sympatric area at the Amazon River mouth. 

Even though the recent collapse of the populations 
of both parental species may be associated with 
some level of interspecific hybridization, the hybrid 
zone appears to have existed for many generations 
in the Guianas coastline, an intermediate coastal 
habitat under influence of the Amazon River 
plume. Indeed, because of this peculiar estuarine-
like habitat between the mouths of the Orinoco and 
Amazon rivers, hybrids may have some advantages 
over the parental species, probably due to a singular 
combination of adapted genes to these intermediate 
conditions, as we have recently suggested (Vilaça 
et al. 2019). The large predominance of hybrids 
of a large aquatic mammal in an area shown to 
be a vicariant zone for many marine species, and 
a distinctive habitat for many estuary-associated 
animals, emphasizes the independent management 
of the Guianas coastline as a special protection area 
with a peculiar environment and biota.
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