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Abstract

Romeo and Juliet: a forbidden love story? A review of hybridization in keystone, aquatic
megafauna. Hybridization, understood here as the sexual reproduction between
individuals of different species, is relatively common in riverine, estuarine, and
marine environments. Investigating hybridization in wild populations of aquatic
megafauna species provides important insight into their biology, evolution, and
conservation. Here, we conducted an extensive and systematic review of pub-
lished reports of hybrids in keystone, aquatic megafauna, aiming to provide a clear
summary of state-of-the-art and hybridization trends in this group. We selected
129 journal articles reporting 80 hybrids in aquatic megafauna. We included
mammals (40.3%), turtles (33.3%), crocodilians (17.8%), and elasmobranchs
(8.5 %) that are widely distributed in oceans and continental waters. Our results
showed a clear increase in reports of hybrids involving aquatic megafauna in
recent years, possibly reflecting the improvement in molecular techniques. How-
ever, this increase could also be a consequence of translocation of organisms and
habitat modification by humans, and may have a critical impact on conservation,
particularly regarding already depleted populations. Hybridization has directly or
indirectly facilitated the extinction of many species, but it has also played a cru-
cial role in the evolution and adaptation of many others. To determine whether
hybridization is a natural effect or a collateral effect of anthropic pressures we
need to understand its implications on the conservation of aquatic megafauna.

Key words: Hybrids, Interbreeding, Aquatic fauna, Key species, Conservation

Resumen

Romeo y Julieta: ;una historia de amor prohibido? Revision de la hibridaciéon en megafauna
acudtica clave. La hibridacion, entendida aqui como la reproduccion sexual entre
individuos de diferentes especies, es relativamente comun en ambientes fluviales,
estuarinos y marinos. El estudio de la hibridacién en poblaciones silvestres de espe-
cies de megafauna acuatica aporta importantes conocimientos sobre su biologia,
evolucién y conservacion. Aqui, llevamos a cabo una revision extensa y sistematica
de los informes publicados sobre hibridos en megafauna acuética clave, con el ob-
jetivo de proporcionar un resumen claro de la situacién actual y las tendencias de
la hibridacién en este grupo. Seleccionamos 129 articulos de revistas que informan
sobre la deteccion de 80 hibridos en megafauna acuatica entre los que se incluyen
mamiferos acuaticos (40,3 %), tortugas (33,3 %), cocodrilos (17,8 %) y elasmobranquios
(8,5%) que estaban ampliamente distribuidos en océanos y aguas continentales.
Nuestros resultados muestran un claro aumento de reportes hibridos en megafauna
acuatica durante los Ultimos anos, lo cual puede ser un reflejo de los avances en las
técnicas moleculares. Sin embargo, esto también puede ser una consecuencia de
la translocaciéon de organismos y la modificacion del habitat por parte de los seres
humanos y puede tener un impacto critico en la conservacion, especialmente de las
poblaciones que ya estan empobrecidas. La hibridacion ha facilitado directa o indi-
rectamente la extincién de muchas especies, pero también ha desempefnado un papel
crucial en la evolucién y adaptacion de muchas otras. Es necesario determinar si la
hibridacién en este grupo es natural o un efecto colateral de las presiones antrépicas
para comprender sus implicaciones en la conservacion de la megafauna acuatica.

Palabras clave: Hibridos, Mestizaje, Fauna acuatica, Especies clave, Conservacion
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Introduction

Hybridization is defined as the interbreeding of indi-
viduals from different lineages (Grant and Grant 1992).
Populations may show five recognized hybridization
levels regardless of the environment in which they
occur (Mayr 2013): (1) infrequent interbreeding of
sympatric species which results in hybrid offspring
that are unable, for ecological, physiological and/or
behavioral reasons, to backcross to one or both of the
parental species; (2) frequent or occasional interbreed-
ing of sympatric species resulting in the production
of at least partially fertile offspring, some of which
are able to backcross to one or both parental species;
(3) this level occurs when two previously geographi-
cally isolated populations did not achieve complete
reproductive isolation, leading to the formation of a
secondary contact zone where partial interbreeding
occurs; (4) extensive interbreeding, resulting from the
complete breakdown of reproductive isolation between
sympatric species, producing a hybrid swarm in which
the complete range of parental phenotypic traits may
be observed; and (5) hybrid speciation: interspecific
hybridization generates a new species which is repro-
ductively isolated from its parental species. Typically,
reproductive isolating barriers among the parental
species may limit hybridization. There are two types of
prezygotic barriers: premating and post-mating isolating
barriers. The former stops gamete transfer between
species and includes mechanisms such as behavioral,
ecological, mechanical, and mating system isolation.
The latter occurs after gametes have been exchanged
between organisms but before fertilization, a stage
known as post-mating pre-fertilization barriers. These
barriers include various strategies, such as copulatory
behavioural isolation and gametic isolation (Coyne and
Orr 2004), and conspecific sperm precedence, where
sperm from a conspecific male is more successful at
fertilization. Other mechanisms include hybrid unvi-
ability, where hybrids do not survive (Mendelson et
al 2007), and genetic incompatibilities that hinder
successful reproduction (Ferree and Barbash 2009,
Gibeaux et al 2018). Morphological clues of hybridiza-
tion can be expressed in three ways (Gardner 1997):
(1) the hybrid can be morphologically intermediate
between the parental types for each character; (2)
it can possess one suite of characters typical of one
parent, and simultaneously another suite typical of
the other parent; or (3) it can present higher values of
a particular trait fitness, a concept known as ‘hybrid
vigor’ or heterosis (East 1936, Duvick 2001). or lower
fitness traits (Muhlfeld et al 2009) compared to both
parents. Interactions between parental genomes can
lead to either additive (i.e. the contribution of genes
from each parent sum together) or non-additive (e.g.
over or under-dominance) patterns of gene expression
(Bouvet et al 2016). Both additive and non-additive ef-
fects can affect the offspring’s phenotype (de Almeida
Filho et al 2019).

Although natural hybridization is a well-described
phenomenon in terrestrial environments and is not
uncommon in aquatic habitats, it is sometimes assessed
only through morphological criteria (Gardner 1997). In
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aquatic environments, hybrid zones -regions where
genetically distinct populations meet, mate, and produce
hybrids- tend to be larger due to the continuous nature
of the habitat and the potential for extensive gene flow
(Barton and Hewitt 1985, Espregueira Themudo et al
2012). In contrast, terrestrial areas experience more
frequent habitat fragmentation, which restricts the
size of these zones (Barton and Hewitt 1985). In some
cases, hybrid zones can evolve into swarms, that is,
collections of individuals with mixed ancestry, resulting
from extensive interbreeding between genetically dis-
tinct parental types, and accompanied by introgression
(Gardner 1997). Documented cases of natural marine
hybridization involve commercially important species,
such as a variety of fishes, clams, mussels, and crabs
(Gardner 1997).

The term 'megafauna’ has been widely applied in
ecological and paleontological research. It is simply
defined as the subset of largest species in a commu-
nity or an ecosystem (Moledn et al 2020). Megafaunal
species have disproportionately large effects on the
structure and functioning of ecosystems and play a
critical role as shapers of the environment (e.g. Gul-
demond and Van Aarde 2008, Pimiento et al 2020).
Here, we used the concept of ‘keystone megafauna’
(Moledn et al 2020) to integrate the ecological function
and functional traits of the selected species along with
its relative body size and biomass. Aquatic keystone
megafauna include extant species of mammals, ray-
finned fish, cartilaginous fish, amphibians, birds, and
reptiles. The detailed study of hybrid cases within a
particular megafauna taxa can give us insight into the
evolutionary history of species by documenting the
viability and fitness of their offspring, and analyzing
the contribution of markers from the parental species
and the permeability of the isolation barriers to gene
flow (Arnold 1992). For these reasons, it is important
to analyze all cases of hybridization documented
within a particular taxa in detail and to investigate the
viability and fitness of hybrids from different species
in different conditions and environments.

Here we review the reported hybridization cases in
freshwater and marine keystone megafauna, specifi-
cally mammals, reptiles and elasmobranchs, in order
to investigate the potential spatial-temporal and inter-
taxa variations in hybridization and to discuss potential
consequences on the persistence and conservation
of these taxa.

Methods

We conducted a systematic review of the literature up
until December 2023 that reported hybridization cases
in aquatic megafauna species, including aquatic and
semi-aquatic mammals (cetaceans, sirenians, ursids,
otters, and pinnipeds), reptiles (crocodilians and turtles)
and elasmobranchs (sharks and rays). Hybridization has
been defined as "the successful mating between indi-
viduals from two genetically different lineages that can
be either interspecific (i.e., between different species),
intraspecific (i.e., between divergent populations of the
same species), or involve subspecies" (Chan et al 2019).
However, in this study we only consider hybrids as the
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Table 1. Resume of hybridization cases in freshwater and marine megafauna reported in published literature by December 2023:
NA, number of articles; NSI, number of species/subspecies involved; TH, total of hybrids; ES, only occurring ex situ; IS, only occurring
in situ; Both, occurring ex situ and in situ; MF, based only on morphological features; MT, based on molecular techniques

Tabla 1. Resumen de los casos de hibridacion en especies de megafauna de aguas dulces y marinas sefialados en la bibliografia en diciembre
de 2023: NA, nimero de articulos; NSI, nimero de especies o subespecies; TH, total de hibridos; ES, solo ex situ; IS, solo in situ; Both, tanto
ex situ como in situ; MF, basado tnicamente en caracteristicas morfolégicas; MT, basado en técnicas moleculares.

Group NA NSI TH ES 1S Both MF MT
Aquatic mammals 52 46 30 5 23 2 9 21
Crocodilians 23 9 7 3 3 1 7

Turtles 43 41 33 31 - 1 32
Sharks and rays 11 20 10 10 - - 10
Total 129 116 80 10 67 3 10 70

product of successful interbreeding between species
or between subspecies (either naturally occurring or
anthropogenic) (Mallet et al 2007).

The selected species were considered 'megafauna’
not only based on their size but also within their
ecological context (Moledn et al 2020), i.e. if they
are considered among the largest animals in the area
they inhabit. Birds, amphibians and ray-finned fishes
were not considered in this review due to the high
number of species we would have to include. Peer-
reviewed studies included were identified by keyword
searches in several engines: Google Scholar, Springer-
Link, JSTOR, Science Direct, Wiley Online Library and
PubMed. Keywords searched were 'hybridization’, and
'hybridisation' in combination with 'marine mammals/,
‘aquatic mammals', 'polar bear', otter, 'pinnipeds’, 'sire-
nians', 'cetaceans’, 'crocodilians’, 'turtles’, 'sharks’, 'rays..
We also performed hand searches of other relevant
journals and screened reference lists of primary arti-
cles found from initial searches. We differentiated the
studies demonstrating hybridization through molecular
analysis from those based exclusively on morphological
features. The information was organized in databases,
compiling the following associated information: taxa,
species, source, year of publication, and country. We
also included information regarding the situation in
which the hybridization occurred, specifying whether
this was natural (in situ) or under human care (ex situ).

Results

We found 129 journal articles (1974-2023) report-
ing hybridization in aquatic mammals (52 articles,
40.3%), turtles (43 articles, 33.3%), crocodilians
(23 articles, 17.8%), and elasmobranchs (11 articles,
8.5%) (table 1). We summarized 80 different hybrids
involving 116 species and subspecies, most of which
were aquatic mammals (n = 46) and turtles (n = 41). In
the literature we also found the description of seven
hybrids of crocodilians and 10 descriptions of elas-
mobranchs. From the total of hybrids, 12.5% (n = 10:
nine in aquatic mammals and one in turtles) were de-

scribed based only on the description of morphological
features, and 87.5% (n = 70) were confirmed by mo-
lecular methods, including mitochondrial and nuclear
DNA, barcoding, microsatellite analysis, karyotypes
analysis, and genomics. We also compiled 13 cases of
hybridization that occurred in captivity (ex situ): these
involved aquatic mammals (n = 7), crocodilians (n = 4),
and turtles (n = 2).

Hybrids of aquatic megafauna were widely dis-
tributed (fig. 1), with presence in all the oceans and
continents. However, the geographic distribution also
depended on the taxonomic group. For example, ce-
tacean hybrids were reported mostly from the USA;
pinniped hybrids from Uruguay, and ursid hybrids for
Canada, while sirenian hybrids were found only in
Brazil, Guyana and French Guiana. Hybrids of turtles
have been reported in multiple countries, but most
often in Brazil, the USA and China, whereas crocodil-
ian hybrids have been reported in Mexico and Belize.
Elasmobranch hybrids were predominantly found in
the USA and ltaly.

Agquatic mammals

Fifty-two articles from 1974 to 2023 reported hybrid-
ization in aquatic mammals (table 2), including species
of cetaceans (n = 29), pinnipeds (n = 11), ursids (n = 2),
sirenians (n = 2), and mustelids (n = 2). The majority
(n = 44) are reports of natural hybridization, but we
also found eight articles reporting ex situ hybrids in
marine mammals; involving captive Bottlenose dolphins
(Tursiops truncatus): T. truncatus x Delphinus capensis
(Zornetzer and Duffield 2003), T. truncatus x Grampus
griseus (Sezaki et al 1984, Zhang et al 2014), T. truncatus
x Pseudorca crassidens (Nishiwaki and Tobayama 1982),
T. truncatus x Sotalia guianensis (Caballero and Baker
2010), T. truncatus x Steno bredanensis (Dohl et al 1974),
and T. truncatus x T. aduncus (Gridley et al 2018), genus
Tursiops is one of the best studied of all the Cetacea
with a minimum of two species widely recognised. Com-
mon bottlenose dolphins (T. truncatus and seals Phoca
largha x Halichoerus grypus (Liu et al 2023). Thirteen
hybridization reports (12 hybrids) were based only on
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Fig. 1. Global distribution of hybridization cases in aquatic megafauna species. Cases described for individuals ex situ or under human

Fig. 1. Distribucion mundial de los casos de hibridacion en especies de megafauna acudtica. No se incluyen los casos descritos de ejemplares ex

morphological characteristics: Zalophus californianus x
Otaria flavescens (Brunner 2002), Stenella longirostris x
Stenella attenuata x Stenella clymene (Silva et al 2005),
Lagenorhynchus obscurus x Delphinus capensis (Reyes
1996), Lagenorhynchus obscurus x Lissodelphis peronii
(Yadzi 2002), T. truncatus x Delphinus delphis (Espada
et al 2019), T. truncatus x D. capensis (Zornetzer and
Duffield 2003), T. truncatus x G. griseus (Hodgins et al
2014, Van Geel et al 2022), T. truncatus x Pseudorca
crassidens (Nishiwaki and Tobayama 1982), T. truncatus
x Stenella frontalis (Herzingm et al 2003), T. truncatus x
Steno bredanensis (Dohl et al 1974), Phocoenoides dalli x
Phocoena phocoena (Baird et al 1998); and Delphinapterus
leucas x Monodon monoceros (Heide-Jgrgensen and
Reeves 1993). Thirty-nine articles from 1984 to 2023
confirmed hybridization in aquatic mammals by mo-
lecular analysis.
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We found one case of natural hybridization between
otters Lutrogale perspicillata x Aonyx cinereus reported
for Singapore (Moretti et al 2017). The pinniped group
showed most cases of natural hybridization in the
Otariidae family: Arctocephalus australis x Arctocephalus
galapagoensis (Lopes et al 2023), Arctocephalus
australis x Otaria flavescens (Franco-Trecu et al 2016,
Franco-Trecu 2021), Arctocephalus gazella x A. tropicalis
x A. forsteri (Lancaster et al 2006, 2007, Goldsworthy
et al 2009), and Arctocephalus gazella x Arctocephalus
tropicalis (Kingston and Gwilliam 2007, Maboko et al
2007). One case of natural hybridization in the Phoci-
dae family is also reported: Pagophilus groenlandicus x
Cystophora cristata (Kovacs et al 1997). Cases of
hybridization involving polar and grizzly bears Ursus
maritimus x U. arctos have also been reported (Edwards
et al 2011, Pongracz et al 2017).
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Table 2. Hybrids reported between species of freshwater and marine mammals. *based only on morphological differences, ¢, under human
care. Species abbreviations: Aoc, Aonyx cinereus; Ar, Arctocephalus australis; Arf, Arctocephalus forsteri; Argal, Arctocephalus galapagoensis;
Argaz, Arctocephalus gazella; Art, Arctocephalus tropicalis; Baa, Balaenoptera acutorostrata; Bab, B. bonaerensis; Bam, B. musculus; Bamb,
B. musculus brevicauda; Bami, B. musculus intermedia; Bap, B. physalus; Cyc, Cystophora cristata; Grg, Grampus griseus; Inb, Inia boliviensis;
Ing, 1. geoffrensis; Dec, Delphinus capensis; Ded, Delphinus delphis; Del, Delphinapterus leucas; Hag, Halichoerus grypus; Lao, Lagenorhynchus
obscurus; Lip, Lissodelphis peronii; Lup, Lutrogale perspicillata; Mom, Monodon monoceros; Orh, Orcaella heinsohni; Otf, Otaria flavescens
(previously known as Otaria byronia); Pag, Pagophilus groenlandicus; Phl, Phoca largha; Php, Phocoena Phocoena; Phd, Phoconoides dalli; Psc,
Pseudorca crassidens; Soc, Sousa chinensis; Sog, Sotalia guianensis; Sta, Stenella attenuate; Stf, Stenella frontalis; Stcl, Stenella clymene; Stco,
Stenella coeruleoalba; Stl, Stenella longisrostris; Stb, Steno bredanensis; Tri, Trichechus inunguis; Trm, Trichechus manatus; Tua, Tursiops aduncus;
Tut, Tursiops truncatus; Ura, Ursus arctos; Urm, U. maritimus; Zac, Zalophus californianus. [Source: 1, Moretti et al (2017); 2, Lopes et al
(2023); 3, Franco-Trecu (2021); 4, Franco-Trecu et al (2016); 5, Lancaster et al (2006); 6, Lancaster et al (2007); 7, Goldsworthy et al
(2009); 8, Kingston and Gwilliam (2007); 9, Maboko et al (2007); 10, Brunner (2002); 11, Kovacs et al (1997); 12, Liu et al (2023);
13, Edwards et al (2011); 14, Pongracz et al (2017); 15, Glover et al (2013); 16, Arnason et al (1991); 17, Spilliaert et al (1991); 18,
Arnason and Gullberg (1993); 19, Bérubé and Aguilar (1998); 20, Pampoulie et al (2021); 21, Jefferson et al (2021); 22, Fioravanti
et al (2022); 23, Attard et al (2012); 24, Reyes (1996); 25, Zornetzer and Duffield (2003); 26, Antoniou et al (2018); 27, Espada et
al (2019); 28, Sezaki et al (1984); 29, Hodgins et al (2014); 30, Zhang et al (2014), 31, Van Geel et al (2022); 32, Yadzi (2002); 33,
Brown et al (2014); 34, Nishiwaki and Tobayama (1982); 35, Caballero and Baker (2010); 36, Silva et al (2005); 37, Amaral et al
(2014); 38, Herzingm et al (2003); 39, Dohl et al (1974); 40, Gridley et al (2018); 41, Inamori et al (2021); 42, Gravena et al (2015),
43, Heide-Jgrgensen and Reeves (1993); 44, Skovrind et al (2019); 45, Baird et al. (1998); 46, Crossman et al. (2014); 47, Willis et al
(2004); 48, Vianna et al (2006); 49, Lima et al (2019); 50, Luna et al (2021); 51, de Oliveira et al (2022); 52, Noronha et al (2022)].

Tabla 2. Hibridos reportados entre especies de mamiferos de aguas dulces y marinas: * basado tnicamente en las diferencias morfolégicas; © al
cuidado de los seres humanos. (Para las abreviaturas del nombre de las especies y de las fuentes bibliogrdficas, véase arriba).

Order
Family Sp1l Sp 2 Sp 3 Region Source
Carnivora
Mustelidae Aci Lup Singapore 1
Otariidae Ara Argal Chile, Peru 2
Otariidae Ara Ootf Uruguay 3,4
Otariidae Arf Argaz Art Australia 5-7
Otariidae Argaz Art South Africa, France 8,9
Otariidae Ootf Zac Argentina, Peru, Chile, Uruguay, Mexico, USA 10*
Phocidae Cyc Pag Canada 11
Phocidae Hag Phl China 12¢
Ursidae Ura Urm USA, Canada 13, 14
Cetacea
Balaenopteridae Baa Bab North Atlantic 15
Balaenopteridae Bam Bap Iceland, Spain, Italy 16-22
Balaenopteridae Bamb Bami Antarctica 23
Delphinidae Dec Lao Peru 24*
Delphinidae Dec Tut USA 25%¢
Delphinidae Ded Stco Greece 26
Delphinidae Ded Tut Spain 27*
Delphinidae Grg Tut Scothland, Japan, China 28¢, 29*, 30¢, 31*
Delphinidae Lao Lip Argentina 32*
Delphinidae Orh Soc Australia 33
Delphinidae Psc Tut Japan 34*c
Delphinidae Sog Tut Colombia 35¢
Delphinidae Sta Stcl Stl Brazil 36*
Delphinidae Stco Stl Atlantic, Pacific and Indian oceans 37
Delphinidae Stf Tut Bahamas 38*
Delphinidae Stb Tut USA 39*¢
Delphinidae Tua Tut South Africa, Japan 40¢, 41
Iniidae Inb Ing Brazil 42
Monodontidae Del Mom Greenland 43*44
Phocoenidae Phd Php Canada 45%-47
Sirenia
Trichechidae Tri Trm Brazil, Guiana, French Guiana 48-52
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Natural hybridization cases in the family Balaenopte-
ridae, confirmed by molecular methods, have involved
species of the genus Balaenoptera: between blue whale
and fin whale Balaenoptera musculus x B. physalus
(Arnason et al 1991, Spilliaert et al 1991, Arnason and
Gullberg 1993, Bérubé and Aguilar 1998, Jefferson et
al 2021, Pampoulie et al 2021, Fioravanti et al 2022);
Antarctic minke whale and common minke whale (B.
bonaerensis x B. acutorostrata, Glover et al 2013) and
Southern Hemisphere blue whale subspecies (B. m.
intermedia x B. m. brevicauda, Attard et al 2012). Regard-
ing the family Delphinidae, the following wild hybrids
have been confirmed using molecular techniques:
Tursiops aduncus x Tursiops truncatus (Inamori et al 2021),
Orcaella heinsohni x Sousa chinensis (Brown et al 2014),
Stenella coerueloalba x Stenella longirostris (Amaral et
al 2014), and Stenella coeruleoalba x Delphinus delphis
(Antoniou et al 2018). For the family Iniidae, only one
hybrid has been reported: Inia boliviensis x I. geoffrensis
(Gravena et al 2015). We also found confirmed hy-
brids among members of the family Phocoenidae;
Phocoena phocoena x Phocoenoides dalli (Baird et al
1998, Willis et al 2004, Crossman et al 2014); and
between a beluga and a narwhal (family Monodon-
tidae); Delphinapterus leucas x Monodon monoceros
(Skovrind et al 2019). Regarding the order Sirenia
(Family Trichechidae), five articles document natural
cases of interspecific cross between Antillean and
Amazonian manatees (Trichechus manatus x Trichechus
inunguis), confirmed by molecular methods (Vianna et
al 2006, Lima et al 2019, Luna et al 2021, de Oliveira
et al 2022, Noronha et al 2022).

According to the IUCN Red List of Threatened
Species, fourteen (30.4%) of aquatic mammals on our
list are considered threatened, that is, they are classi-
fied as Vulnerable (VU), Endangered (EN) or Critically
Endangered (CR). The population trend is unknown for
most of the aquatic mammals involved in hybridization
(52.2%), but 19.6% of the species show a decreasing
population trend, 19.6 % have an increasing population
trend, and 6.5% are classified as stable (See supple-
mentary material).

Crocodilians

Twenty-three articles, published between 2002 and
2023, documented hybridization in nine species of croco-
dilians (table 3). Most of these reports (n = 10) indicated
hybrids between wild Crocodylus acutus and C. moreletii
(Ray et al 2004, Cedefo-Vazquez et al 2008, Rodriguez
et al 2008, Machkour-M'Rabet et al 2009, Hekkala et al
2015, Pacheco-Sierra et al 2016, 2018, Platt et al 2021,
Villegas et al 2022, Suarez-Atilano et al 2023), and oc-
curred in coastal Mexico and Belize. Four publications
reporting the hybrid C. acutus x C. rhombifer were found,
in Cuba, USA, and Mexico (Weaver et al 2008, Rodriguez
et al 2011, Milidn-Garcia et al 2011, 2015). Two other
publications reported the existence of C. mindorensis x
C. porosus hybrids in the wild and under human care in
the Philippines (Tabora et al 2012, Hinlo et al 2014). We
found five articles reporting hybridization between C.
porosus x C. siamensis both in situ (Chawananikun et al
1999, Panthum et al 2023) and ex situ (Fitzsimmons et
al 2002, Lapbenjakul et al 2017, Wei et al 2022, Pan-
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thum et al 2023). We also found hybrids only reported
in captivity, these being C. niloticus x C. porosus and C.
niloticus x C. siamensis in Cambodia (Wei et al 2022), and
Osteolaemus tetraspis x O. sp. nov. cf. tetraspis in Africa
(Schmidt et al 2015, Shirley et al 2015).

According to the IUCN Red List of Threatened
Species, 33.3% of the crocodilian species involved in
hybridization events are considered of Least Concern
(LC) status, 33.5 % belong to the Critically Endangered
(CE) species status, 22.2 % are classified as Vulnerable
(VU) and the remaining 11.1 % have not been assessed.
While 22.2 % of the species have a stable population
trend, 44.4% have an unspecified population trend.
Only one species (Crocodylus acutus) has an increasing
population trend, whereas two species (C. mindorensis
and C. siamensis) present a decreasing population trend
(See supplementary material).

Turtles

From the publications consulted, 43 (1983 to 2023)
reported hybridization in turtles (table 4), totaling
33 hybrids in this group, 41 involving turtle species.
One hybrid was described based only on morpholog-
ical features: Cuora mouhotii obsti x Cuora picturata in
Vietnam (Struijk 2016), while the rest were confirmed
through molecular techniques. Two hybrids occurred
ex situ and involved turtles breeds: Mauremys reevesii
X Sacalia quadriocellata (Buskirk et al 2005) and M.
sinensis x Cyclemys oldhamii (Schilde et al 2004).
Thirty-one hybrid turtles were documented in wild
environments, and involved members of the families
Emydidae (n = 11), Chelonidae (n = 9), Geoemydidae
(n = 9), and Kinosternidae (n = 2. The hybrid reported
most often was that occurring between hawksbill and
loggerhead sea turtles (Eretmochelys imbricata x Caretta
caretta), found extensively in Brazil (Conceicio et al
1990, Karl et al 1995, Vilaca et al 2012, Proietti et al
2014, Soares et al 2017, Arantes et al 2020a, 2020b,
Brito et al 2020), but also reported from Argentina
(Prosdocimi et al 2014) and the US (Witzell and Schmid
2003. Another relatively common hybrid was E. imbri-
cata x Chelonia mydas, which was reported from the in
the South East Pacific, Surinam and Costa Rica (Wood
et al 1983, Karl et al 1995, Seminoff et al 2003, Kelez
et al 2016, Restrepo et al 2022). Additionally, nuclear
markers revealed a triple hybrid among hawksbill,
loggerhead and green turtles (E. imbricata x Caretta
caretta x Chelonia mydas) on the Brazilian coast (Vilaca
et al 2012) a high frequency of interspecific sea turtle
hybrids has been previously recorded in a nesting site
along a short stretch of the Brazilian coast. Mitochon-
drial DNA data indicated that as much as 43 % of the
females identified as Eretmochelys imbricata are hybrids
in this area (Bahia State of Brazil).

According to the IUCN Red List of Threatened
Species, most of the turtle species involved in natural
hybridization (58.5%) are threatened to extinction
(Critically Endangered = 7. Endangered = 8, and Vul-
nerable = 9), whereas 31.7 % are considered in one of
the non-threatened categories (Near threatened = 7,
Least Concern = 6. For the rest of the species (9.7 %)
the conservation status is still unknown or the data
are deficient. None of the population of turtle species
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(2023); 22, Schmidt et al (2015); 23, Shirley et al (2015)].

de las especies y de las fuentes bibliogrdficas, véase arriba).

Table 3. Hybrids reported between species of crocodilians (Order Crocodylia): ¢ under human care. Species abbreviations: Cra, Crocodylus
acutus; Crm, Crocodylus moreletii; Crmi, Crocodylus mindorensis; Crn, Crocodylus niloticus; Crp, Crocodylus porosus; Crr, Crocodylus rhombifer;
Crs, Crocodylus siamensis; Ost, Osteolaemus tetraspis; Oscft, O. sp. nov. cf. tetraspis. [Sources: 1, Ray et al (2004); 2, Cedeiio-Vazquez
et al (2008); 3, Rodriguez et al (2008); 4, Machkour-M'Rabet et al (2009); 5, Hekkala et al (2015); 6, Pacheco-Sierra et al (2016); 7,
Pacheco-Sierra et al (2018); 8, Platt et al (2021); 9, Villegas et al (2022); 10, Suarez-Atilano et al (2023); 11, Weaver et al (2008); 12,
Milidn-Garcia et al (2011); 13, Rodriguez et al (2011); 14, Milian-Garcia et al (2015); 15, Tabora et al (2012); 16, Hinlo et al (2014);
17, Wei et al (2022); 18, Fitzsimmons et al (2002); 19, Chawananikun et al (1999; 20, Lapbenjakul et al (2017); 21, Panthum et al

Tabla 3. Hibridos reportados entre especies de cocodrilos (orden Crocodylia): ¢ al cuidado de los seres humanos. (Para las abreviaturas del nombre

Family Sp1 Sp 2 Region Source
Crocodylidae Cra Crm Belize, Mexico 1-10

Cra Crr Cuba, USA 11-14

Crmi Crp Philippines 15-16

Crn Crp Cambodia 17¢

Crn Crs Cambodia 17¢

Crp Crs Australia, Cambodia, Thailand 17¢, 18¢, 19¢, 20¢, 21

Oscft Ost Africa 22¢, 23¢

involved in hybridization is increasing, while 46.3%
show a decrease in their numbers, and only three
species show a stable population. The population
trend for 46.3 % of the species is unknown (See sup-
plementary material.

Elasmobranchs

Eleven studies from 2012 to 2023 confirmed hy-
bridization in elasmobranchs through molecular
methods, all of them occurring in situ (table 5).
Six shark hybridization cases have been reported,
four of which involved species of the Order
Carcharhiniformes: Carcharhinus galapagensis x
C. obscurus in Ecuador and Mexico (Pazmifio et
al 2019), C. tilstoni x C. limbatus along the Aus-
tralian coast (Morgan et al 2012). One of the
reports, with samples collected in the USA, corre-
sponds to the Sphyrnidae family (Sphyrna lewini x
S. gilbert, Barker et al 2019). As well, we found re-
ports of hybrids involving species of the Triakidae
family (Mustelus mustelus x M.s punctulatus),
specifically in two embryos in Italy (Marino et al
2015). Other study (Walter et al 2017) reports
the occurrence of hybridization between Som-
niosus pacificus x S. microcephalus, two sharks of
the Squaliformes order, in Canada and the USA.
Recently, hybridization among sawsharks (Fam-
ily Pristiophoridae) was confirmed and involves
the species Pristiophorus cirratus and Pristiophorus
nudipinnis (Nevatte et al 2023). Hybrids in marine
rays have been reported in Sudan: Manta alfredi x
M. birostris (Walter et al 2017), in Algeria and ltaly:
Raja montagui x R. polystigma, (Frodella et al 2016),
and in Australia: Trygonorrhina dumerilii x T. fasciata
(Donnellan et al 2015); whereas hybrids in freshwater
rays have been reported in the Parana River, Brazil:
Potamotrygon motoro x P. falkneri (Cruz et al 2014).

According to the IUCN Red List of Threatened
Species, 35% of the shark and ray species involved in
hybridization are in a threatened category (Critically
Endangered, Endangered or Vulnerable), while for 20 %
of the species (n = 4), the conservation status is still
unknown due to deficient data. From the elasmobranch
involved in hybrids, none have a population trend that is
considered to be increasing. Raja montagui, Carcharhinus
tilstoni, Pristiophorus cirratus, Pristiophorus nudipinnis, and
Trygonorrhina dumerilii (25%) have a current popula-
tion trend considered stable, while for Manta alfredi,
Manta birostris, C. obscurus, Sphyrna lewini, Mustelus
mustelus, Mustelus punctulatus, and Somniosus micro-
cephalus (35 %) the population trend is decreasing. For
Potamotrygon motoro, P. falkneri, R. polystigma, C.
galapagensis, C. limbatus, Sphyrna gilberti and Somniosus
pacificus, and Trygonorrhina fasciata (40 %), the current
population trend is unknown.

Discussion

The phenomenon of hybridization occurs in aquatic
megafauna worldwide. One of the earliest discover-
ies of marine hybridization was reported in whales
Balaenoptera musculus x B. physalus (Cocks 1887). Re-
ports of hybridization in aquatic megafauna apparently
show a tendency to increase, although this could be
due to a variety of reasons, such as the development
and availability of novelty methodologies capable of
reliably detecting these cases (fig. 2), together with
an increased number of specialists in the different
taxa able to identify hybrids from all over the world.
However, in some species, it could be related to a
decreasing population trend or an increased overlap
between distribution areas of species, due, for example,
to a shift in species' range related to climate change
(Mubhlfeld et al 2014).
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Table 4. Hybrids reported between species of turtles (Order Testudines): * based only on morphological differences; ¢ under human
care. Species abbreviations: Cac, Caretta caretta; Chm, Chelonia mydas; Chp, Chrysemys picta; Chpb, Chrysemys picta belli; Cumo, Cuora
moubhotii obsti; Cup, Cuora picturata; Cut, Cuora trifasciata; Cya, Cyclemys atripons; Cyo, Cyclemys oldhamii; Emo, Emys orbicularis; Emog,
Emys orbicularis galloitalica; Emoo, Emys orbicularis orbicularis; Emt, Emys trinacris; Eri, Eretmochelys imbricata; Grg, Graptemys geographica;
Grp, G. pseudogeographica; Grb, G. barbouri; Gre, G. ernsti; Lek, Lepidochelys kempii; Leo, L. olivdcea; Maa, Mauremys cf. Annamensis; Maj,
M. japénica; Mam, M. mutica; Mar, M. reevesii; Mas, M. sinensis; Psa, Pseudemys alabamensis; Psc, P. concinna; Saq, Sacalia quadriocellata;
Std, Sternotherus depressus; Stp, Stemotherus peltifer; Tec, Terrapene carolina; Tecc, Terrapene carolina carolina; Tecm, Terrapene carolina
major; Temt, Terrapene mexicana triunguis; Teo, Terrapene ornata; Trdeco, Trachemys decorata; Trdecu, Trachemys decusata; Tre, Trachemys
emolli; Trt, Trachemys terrapen; Trs, Trachemys stejnegeri; Trv, Trachemys venusta. [Sources: 1, Karl et al (1995); 2, James et al (2004);
3, Shamblin et al (2018); 4, Vilaca et al (2012); 5, Machado et al (2023); 6 Conceicao et al (1990); 7, Witzell and Schmid (2003);
8, Lara-Ruiz et al (2006); 9, Proietti et al (2014); 10, Prosdocimi et al (2014); 11, Soares et al (2017); 12, Arantes et al (2020); 13,
Arantes et al (2020); 14, Brito et al (2020); 15, Soares et al (2018); 16, Almeida et al (2023); 17, Vilaca et al (2023); 18, Reis et al
(2010); 19, Soares et al (2021); 20, Wood et al (1983); 21, Seminoff et al (2003); 22, Anyembe and Van De Geer (2015); 23, Kelez
et al (2016); 24, Restrepo et al (2022); 25, Jensen et al (2014); 26, Godwin et al (2014); 27, Mitchell et al (2016); 28, Moreno et al
(2022); 29, Cureton et al (2011); 30, Martin et al (2020); 31, Parham et al ( 2013); 32, Struijk (2016); 33, Stuart and Parham (2007);
34, Vamberger et al (2017); 35, Schilde et al (2004); 36, Suzuki et al (2013); 37, Ueno et al (2021); 38, Fujii et al (2014); 39, Fong
and Chen (2010); 40, Buskirk et al (2005); 41, Scott et al (2019); 42, Vamberger et al (2015); 43, Raemy et al (2017)].

Tabla 4. Hibridos reportados entre especies de tortugas (orden Testudines): * basado tinicamente en diferencias morfoldgicas; ¢ al cuidado de los
seres humanos. (Para las abreviaturas del nombre de las especies y las fuentes bibliogrdficas, véase arriba).

Family Sp1l Sp2 Sp3 Region Sources
Chelonidae Cac Chm Canada, USA 1-3
Cac Chm Eri Brazil 4,5
Cac Eri Brazil, Argentina, USA 1, 4, 6-14
Cac Eri Leo Brazil 15-17
Cac Lek USA 8
Cac Leo Brazil 4,18, 19
Chm Eri Costa Rica, Kenya, Mexico, Peru, 1, 20, 21, 22%,
Southeast Pacific, Suriname 23, 24*
Eri Lek Brazil 6
Eri Leo Brazil 4,14
Emydidae Chp Chpb Canada 25
Grb Gre USA 26
Grg Grp USA 27
Psa Psc USA 28
Tec Teo USA 29
Tecc Tecm USA 30
Tecc Temt USA 30
Tecm Temt USA 30
Trdeco Trs Hispaniola 31
Trdecu Trt Jamaica 31
Tre Trv Central America 31
Geoemydidae Cumo Cup Vietnam 32*
Cut Mas China 33
Cut Saq China 33
Cya Cyo Cambodia 34
Cyo Mas Unknown 35c
Maa Mas China 33
Maj Mar Japan 36, 37*
Mam Mar Japan 38
Mar Mas China 39
Mar Saq USA 40c
Std Stp USA 41
Kinosternidae Emo Emt Italy 42
Emog Emoo France 43
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bibliogrdficas, véase arriba).

Table 5. Hybrids reported in sharks and rays (Class Chondrichthyes): Cag, Carcharhinus galapagensis; Cal, C. Limbatus; Cao, C. Obscurus;
Cat, C. Tilstoni; Maa, Manta alfredi; Mab, Manta birostris; Mum, Mustelus mustelus; Mup, Mustelus punctulatus; Pof, Potamotrygon falkneri;
Pom, Potamotrygon motoro; Prc, Pristiophorus cirratus; Prn, Pristiophorus nudipinnis; Ram, Raja montagui; Rap, R. Polystigma; Som, Somniosus
microcephalus; Sop, Somniosus pacificus; Spg, Sphyrna gilberti; Spl, Sphyrna lewini; Trd, Trygonorrhina dumerilii; Trf, T. fasciata. [Sources:
1, Pazmino et al (2019); 2, Morgan et al (2012); 3, Barker et al (2019); 4, Marino et al (2015); 5, Walter et al (2014); 6, Cruz et al
(2014); 7, Cruz et al (2017); 8, Nevatte et al (2023); 9, Frodella et al (2016); 10, Donnellan et al (2015); 11, Walter et al (2017)].

Tabla 5. Hibridos reportados en tiburones y rayas (clase Chondrichthyes). (Para las abreviaturas del nombre de las especies y las fuentes

Order

Family Sp1 Sp 2 Region Country Source
Carcharhiniformes

Carcharhinidae Cag Cao Indo-Pacific Ocean Ecuador, Mexico, 1

France (Clipperton Island)
Cal Cat Australia Australia

Sphyrnidae Spg Spl Northwest Atlantic USA

Triakidae Mum Mup Northern Adriatic Sea Italy 4
Myliobatiformes

Myliobatidae Maa Mab Red Sea Sudan 5

Potamotrygonidae Pof Pom Parana River Brazil 6,7
Pristiophoriformes

Pristiophoridae Prc Prn Australia Australia 8
Rajiformes

Rajidae Ram Rap Western and Central Algeria and lItaly 9

Mediterranean Sea

Rhinopristiformes

Trygonorhinidae Trd Trf Adelaida Australia 10
Squaliformes

Somniosidae Som Sop North Atlantic Canada, USA 11

Based on the number of reports found here,
turtles apparently showed considerable rates of
hybridization, with especially high numbers of cases
in sea turtles along the coast of Brazil. In this area,
previous studies on loggerhead/hawksbill hybrids
suggested no negative effect of hybridization on
the reproductive output of the hybrids (Soares et al
2017). Neither did hybridization show consequences
on fitness using hatching rate as a proxy (Soares et
al 2018). Both male and female hybrid males and
females were fertile and produced viable offspring,
and there was no evidence of hybrid breakdown
(Soares et al 2018). However, recent research has
evidenced an association between hybridization
between hawksbill and loggerhead turtles and low
reproductive success, representing a threat to sea
turtle conservation (Arantes et al 2020a). Also, hybrid
offspring of sea turtles has shown high mortality, with
increased susceptibility to lung infection (Karl et al
1995). These cases match the decline in sea turtle
populations during the last century, and the proba-
ble secondary contact between previously isolated
populations led by habitat destruction, propitiating
these high hybridization rates (Arantes et al 2020b).

In the case of crocodilians, natural hybridization
is relatively common and plays an important role in
the evolution and speciation of this group. However,
anthropogenic factors can also promote hybridization
between species, posing important conservation prob-
lems (Pacheco-Sierra and Amavet 2021). In some Asian
countries Crocodylus siamensis has been intentionally
crossed with C. porosus and C. rhombifer under human
care to obtain hybrids that grow faster and have superi-
or leather quality, giving them a higher commercial value
than parental species (Thorbjarnarson 1999, Fitzsim-
mons et al 2002). In this group, introgression is specially
of high concern, since hybrids are exceptionally similar
in morphology to the parental species (Lapbenjakul et
al 2017), which can cause problems when reintroducing
captive individuals aiming to recover wild populations of
critically endangered species (Fitzsimmons et al 2002,
Tabora et al 2012, Hinlo et al 2014, Chattopadhyay
et al 2019). Considering natural hybridization, studies
have mainly been conducted on the admixture of the
vulnerable C. acutus and C. moreletii and C. rhombifer.
Although C. acutus presents the wider distribution range
of all New World crocodilians and shows an increasing
trend in its population size, natural hybridization with
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are indicated in orange).

en las descripciones morfoldgicas se indican en color naranja.

Fig. 2A. Number of articles reporting hybrids in aquatic mammals and turtles until 2023. (Reports based only on morphological descriptions

Fig. 2A. Numero de articulos en los que se reportan hibridos en mamiferos acudticos y en tortugas hasta 2023. Los informes basados tinicamente

sympatric species could affect its populations in some
regions. For example, coastal crocodile populations
from Belize to the state of Tamaulipas (Mexico) consist
mainly of hybrid individuals, with only two genetically
pure populations of C. acutus remaining on islands in
the Mexican Caribbean and three pure populations of
C. moreletii in isolated lagoons in the states of Tabasco
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and San Luis Potosi, leading to significant conservation
and taxonomic implications (Machkour-M’Rabet et al
2009, Pacheco-Sierra et al 2016, 2018). Furthermore,
new potential hybridization processes with introduced
species could threaten C. acutus recovery in other ar-
eas (Rochford et al 2016, Serrano-Gémez et al 2016,
Metzger Ill et al 2020). Considering the importance of
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descriptions are indicated in orange).

en las descripciones morfolégicas se indican en color naranja).

Fig. 2B. Number of articles reporting hybrids in crocodilians, and elasmobranchs until 2023. (Reports based only on morphological

Fig. 2B. Numero de articulos en los que se reportan hibridos en cocodrilos y en elasmobranquios hasta 2023. (Los informes basados unicamente

hybridization for evolution, speciation, and conserva-
tion of crocodilians, more studies should be conducted
on natural admixtures between species of this group
because many species occur sympatrically, especially
in Alligatoridae and Gavialidae families, as studies to
date have exclusively involved species from the Croc-
odylidae family.

Marine populations are characterized by high levels
of genetic similarity over very large distances. This is
usually attributed to high levels of gene flow (that
result from the dispersal potential of the organisms),
reducing the frequency in which hybridization can
occur (Gardner 1997). Although genetic divergence
between marine populations is presumed to be slow
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(Gardner 1997), this is not the case for some cetacean
populations in lesser numbers which show high levels
of genetic divergence, even in sympatric populations,
such as Orcinus orca (Foote et al 2016) and Tursiops
truncatus worldwide (Hoelzel et al 1998, Natoli et al
2004, Louis et al 2014). Divergence within the Del-
phinidae seems to be driven by ecological and habitat
specialization, followed by genetic divergence (Ford
et al 1998, Natoli et al 2005, Louis et al 2014, Foote
et al 2019). Delphinids also show complex dynamics
of population divergence and admixture throughout
their evolutionary history (Foote et al 2019). All these
traits could be promoting hybridization to the point of
forming new species as is the case for Stenella clymene
arising from the parental species S. coerueloalba and S.
longirostris (Amaral et al 2014). In marine mammals, a
hybridization event of Pseudorca crassidens x Tursiops
truncatus gilli had a negative outcome, with the obser-
vation of abortive fetuses, and acute-pneumonia in a
calf specimen that survived for a few months (Nishiwaki
and Tobayama 1982). This offspring was likely unviable
because the species involved are not closely related,
the former being a member of the Globicephalinae
subfamily and the latter a member of the Delphininae,
having been separated in the late Miocene between
11.6 and 5-3 Mya (Vilstrup et al 2011).

The reports of hybridization in elasmobranchs
are very recent but could potentially influence the
populations in the long-term because elasmobranchs
are currently considered among the most endangered
vertebrate groups in the world (Carlson et al 2019).
It is difficult to predict whether, as reported due to
extensive interbreeding and hybrid fertility, individu-
als are likely to have a hybrid ancestry within a few
generations (i.e. swarm model Morgan et al 2012) or
whether hybrid viability could be reduced as there is
no evidence of adult hybrids in their findings (Marino
et al 2015). Further studies are required to delve into
the species hybridization of this group.

Many species of aquatic megafauna have undergone
large declines in population and geographic range, main-
ly due to human-related factors, and some are on the
verge of extinction (Ripple et al 2019). Such impacts are
caused by a variety of sources, such as overfishing (Dulvy
et al 2021), bycatch (Larsen et al 2021), habitat destruc-
tion (Arantes et al 2020b), invasive species (Vilizzi et
al 2021), and illegal trade (Tulloch et al 2018, Asbury
et al 2021). Hybridization may impact populations of
rare species much more strongly than species with an
abundant population, and its consequences may depend
on whether populations are growing or contracting, or
whether they are local or invasive (Currat et al 2008), in-
dicating plausible habitat disturbance, range expansion,
or both (Abbott et al 2013). However, the outcomes of
hybridization are often difficult to predict regardless of
the demographics of the paternal species. Furthermore,
hybridization may limit the distribution of a species
if the hybrid is less fit than its parental species, or it
may promote speciation through better adaptation of
the offspring to new environments (Barton and Hewitt
1985). Risks associated with hybridization include (Chan
et al 2019): (a) the likelihood of outbreeding depres-
sion; and (b) the loss of parental species due to genetic
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admixture. The main conservation issues that could be
expected regarding these cases are misclassification of
individuals (Lapbenjakul et al 2017), low reproduction,
and low survival rates (Nishiwaki and Tobayama 1982,
Karl et al 1995, Marino et al 2015, Lapbenjakul et al
2017), with the concomitant extinction of the species
(Allendorf et al 2001) exacerbating the current anthro-
pogenic pressure on aquatic megafauna (e.g. Field et al
2009; Zucoloto et al 2021).

Nevertheless, hybrids very often occur in aquatic
ecosystems and do not always have negative ecological
or genetic consequences (Piett et al 2015). Hybridization
is in many cases a mechanism that facilitates adaptation
and speciation, and it has become increasingly evident
that it plays a key role in the evolution of many taxa,
sometimes resulting in an entirely new plant or animal
species (Chapman and Burke 2007). With the global
decline in the biodiversity of aquatic megafauna, further
research is needed to determine whether hybridization in
a particular taxon has negative impacts on its conserva-
tion, or if, on the other hand, it has a potential role in
maintaining and preserving biodiversity.
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Supplementary material

Annex 1. List of freshwater and marine megafauna species involved in natural or anthropogenic hybridization. The conservation status
(CS) and population trends (PT) were consulted in the IUCN Red Data Book (https:/www.iucnredlist.org).

Anexo 1. Lista de especies de megafauna de aguas dulces y marinas que presentan hibridacién natural o antropogénica. El estado de conservacion
(CS) vy las tendencias de las poblaciones (PT) se consultaron en la Lista Roja de la Unién Internacional para la Conservacién de la Naturaleza

(UICN) (https:/www.iucnredlist.org/es/).

Grupo Order Family Species CS PT
Aquatic mammals  Carnivora Mustelidae Aonyx cinereus VU Decreasing
Aquatic mammals  Carnivora Mustelidae Lutrogale perspicillata \8) Decreasing
Aquatic mammals  Carnivora Otariidae Arctocephalus australis LC Increasing
Aquatic mammals  Carnivora Otariidae Arctocephalus forsteri LC Increasing
Aquatic mammals  Carnivora Otariidae Arctocephalus galapagoensis EN Decreasing
Aquatic mammals  Carnivora Otariidae Arctocephalus gazella LC Decreasing
Aquatic mammals  Carnivora Otariidae Arctocephalus tropicalis LC Stable
Aquatic mammals  Carnivora Otariidae Otaria flavescens LC Stable
Aquatic mammals  Carnivora Otariidae Zalophus californianus LC Increasing
Aquatic mammals  Carnivora Phocidae Cystophora cristata VU Unknown
Aquatic mammals  Carnivora Phocidae Halichoerus grypus LC Increasing
Aquatic mammals  Carnivora Phocidae Pagophilus groenlandicus LC Increasing
Aquatic mammals  Carnivora Phocidae Phoca largha LC Unknown
Aquatic mammals  Carnivora Ursidae Ursus arctos LC Stable
Aquatic mammals  Carnivora Ursidae Ursus maritimus VU Unknown
Aquatic mammals  Cetacea Balaenopteridae Balaenoptera acutorostrata LC Unknown
Aquatic mammals  Cetacea Balaenopteridae Balaenoptera bonaerensis NT Unknown
Aquatic mammals  Cetacea Balaenopteridae Balaenoptera musculus EN Increasing
Aquatic mammals  Cetacea Balaenopteridae Balaenoptera musculus brevicauda EN Increasing
Aquatic mammals  Cetacea Balaenopteridae Balaenoptera musculus intermedia EN Increasing
Aquatic mammals  Cetacea Balaenopteridae Balaenoptera physalus VU Increasing
Aquatic mammals  Cetacea Delphinidae Delphinus capensis LC Unknown
Aquatic mammals  Cetacea Delphinidae Delphinus delphis LC Unknown
Aquatic mammals  Cetacea Delphinidae Grampus griseus LC Unknown
Aquatic mammals  Cetacea Delphinidae Lagenorhynchus obscurus LC Unknown
Aquatic mammals  Cetacea Delphinidae Lissodelphis peronii LC Unknown
Aquatic mammals  Cetacea Delphinidae Orcaella heinsohni VU Decreasing
Aquatic mammals  Cetacea Delphinidae Pseudorca crassidens NT Unknown
Aquatic mammals  Cetacea Delphinidae Stenella attenuata LC Unknown
Aquatic mammals  Cetacea Delphinidae Stenella clymene LC Unknown
Aquatic mammals  Cetacea Delphinidae Stenella coeruleoalba LC Unknown
Aquatic mammals  Cetacea Delphinidae Stenella frontalis LC Unknown
Aquatic mammals  Cetacea Delphinidae Stenella longirostris LC Unknown
Aquatic mammals  Cetacea Delphinidae Steno bredanensis LC Unknown
Aquatic mammals  Cetacea Delphinidae Sotalia guianensis NT Unknown
Aquatic mammals  Cetacea Delphinidae Sousa chinensis VU Decreasing
Aquatic mammals  Cetacea Delphinidae Tursiops aduncus NT Unknown
Aquatic mammals  Cetacea Delphinidae Tursiops truncatus LC Unknown
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Annex 1. (Cont).

Grupo Order Family Species CS PT

Aquatic mammals  Cetacea Iniidae Inia boliviensis -- Unknown
Aquatic mammals  Cetacea Iniidae Inia geoffrensis EN Decreasing
Aquatic mammals  Cetacea Monodontidae Delphinapterus leucas LC Unknown
Aquatic mammals  Cetacea Monodontidae Monodon monoceros LC Unknown
Aquatic mammals  Cetacea Phocoenidae Phoconoides dalli LC Unknown
Aquatic mammals  Cetacea Phocoenidae Phocoena phocoena LC Unknown
Aquatic mammals  Sirenia Trichechidae Trichechus inunguis VU Decreasing
Aquatic mammals  Sirenia Trichechidae Trichechus manatus VU Decreasing
Crocodiles Crocodylia Crocodylidae Crocodylus acutus VU Increasing
Crocodiles Crocodylia Crocodylidae Crocodylus mindorensis CR Decreasing
Crocodiles Crocodylia Crocodylidae Crocodylus moreletii LC Stable
Crocodiles Crocodylia Crocodylidae Crocodylus niloticus S Least concern
Crocodiles Crocodylia Crocodylidae Crocodylus porosus LC Unspecified
Crocodiles Crocodylia Crocodylidae Crocodylus rhombifer CR Unspecified
Crocodiles Crocodylia Crocodylidae Crocodylus siamensis CR Decreasing
Crocodiles Crocodylia Crocodylidae Osteolaemus sp. nov. cf. tetraspis  -- Unknown
Crocodiles Crocodylia Crocodylidae Osteolaemus tetraspis VU Unspecified
Turtles Testudines Chelonidae Caretta caretta VU Decreasing
Turtles Testudines Chelonidae Chelonia mydas EN Decreasing
Turtles Testudines Chelonidae Eretmochelys imbricata CR Decreasing
Turtles Testudines Chelonidae Lepidochelys kempii CR Unknown
Turtles Testudines Chelonidae Lepidochelys olivacea VU Decreasing
Turtles Testudines Emydidae Chrysemys picta LC Stable
Turtles Testudines Emydidae Chrysemys picta belli LC Stable
Turtles Testudines Emydidae Emys trinacris DD Unspecified
Turtles Testudines Emydidae Emys orbicularis NT Unspecified
Turtles Testudines Emydidae Emys orbicularis galloitalica NT Unspecified
Turtles Testudines Emydidae Emys orbicularis orbicularis NT Unspecified
Turtles Testudines Emydidae Graptemys barbouri VU Decreasing
Turtles Testudines Emydidae Graptemys ernsti NT Decreasing
Turtles Testudines Emydidae Graptemys geographica LC Stable
Turtles Testudines Emydidae Graptemys pseudogeographica LC Unknown
Turtles Testudines Emydidae Pseudemys alabamensis EN Unknown
Turtles Testudines Emydidae Pseudemys concinna LC Unknown
Turtles Testudines Emydidae Terrapene carolina VU Decreasing
Turtles Testudines Emydidae Terrapene carolina carolina VU Decreasing
Turtles Testudines Emydidae Terrapene carolina major VU Decreasing
Turtles Testudines Emydidae Terrapene mexicana triunguis VU Decreasing
Turtles Testudines Emydidae Terrapene ornata NT Decreasing
Turtles Testudines Emydidae Trachemys emolli Unspecified Unspecified
Turtles Testudines Emydidae Trachemys decorata VU Unspecified
Turtles Testudines Emydidae Trachemys decussata Unspecified Unspecified
Turtles Testudines Emydidae Trachemys stejnegeri NT Unspecified
Turtles Testudines Emydidae Trachemys terrapen VU Unspecified
Turtles Testudines Emydidae Trachemys venusta Unspecified Unspecified
Turtles Testudines Geoemydidae Cyclemys atripons EN Decreasing
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Grupo Order Family Species Ccs PT

Turtles Testudines Geoemydidae Cyclemys oldhamii EN Decreasing
Turtles Testudines Geoemydidae Cuora mouhotii obsti EN Decreasing
Turtles Testudines Geoemydidae Cuora picturata CR Decreasing
Turtles Testudines Geoemydidae Cuora trifasciata CR Decreasing
Turtles Testudines Geoemydidae Mauremys cf. annamensis CR Decreasing
Turtles Testudines Geoemydidae Mauremys japonica NT Unknown
Turtles Testudines Geoemydidae Mauremys mutica EN Unspecified
Turtles Testudines Geoemydidae Mauremys reevesii EN Unknown
Turtles Testudines Geoemydidae Mauremys sinensis EN Unspecified
Turtles Testudines Geoemydidae Sacalia quadriocellata CR Decreasing
Turtles Testudines Kinosternidae Sternotherus peltifer LC Unknown
Turtles Testudines Kinosternidae Sternotherus depressus CR Decreasing
Elasmobranchs Carcharhiniformes Carcharhinidae Carcharhinus galapagensis LC Unknown
Elasmobranchs Carcharhiniformes Carcharhinidae Carcharhinus limbatus NT Unknown
Elasmobranchs Carcharhiniformes Carcharhinidae Carcharhinus obscurus EN Decreasing
Elasmobranchs Carcharhiniformes Carcharhinidae Carcharhinus tilstoni LC Stable
Elasmobranchs Carcharhiniformes Sphyrnidae Sphyrna gilberti DD Unknown
Elasmobranchs Carcharhiniformes Sphyrnidae Sphyrna lewini CR Decreasing
Elasmobranchs Carcharhiniformes Triakidae Mustelus mustelus VU Decreasing
Elasmobranchs Carcharhiniformes Triakidae Mustelus punctulatus VU Decreasing
Elasmobranchs Myliobatiformes Myliobatidae Manta alfredi VU Decreasing
Elasmobranchs Myliobatiformes Myliobatidae Mobula birostris EN Decreasing
Elasmobranchs Myliobatiformes Potamotrygonidae Potamotrygon falkneri DD Unknown
Elasmobranchs Myliobatiformes Potamotrygonidae Potamotrygon motoro DD Unknown
Elasmobranchs Pristiophoriformes Pristiophoridae Pristiophorus cirratus LC Stable
Elasmobranchs Pristiophoriformes Pristiophoridae Pristiophorus nudipinnis LC Stable
Elasmobranchs Rajiformes Rajidae Raja montagui LC Stable
Elasmobranchs Rajiformes Rajidae Raja polystigma LC Unknown
Elasmobranchs Rhinopristiformes Trygonorhinidae Trygonorrhina dumerilii LC Stable
Elasmobranchs Rhinopristiformes Trygonorhinidae Trygonorrhina fasciata LC Unknown
Elasmobranchs Squaliformes Somniosidae Somniosus microcephalus VU Decreasing
Elasmobranchs Squaliformes Somniosidae Somniosus pacificus DD Unknown




