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Pacific Ocean, raising new questions about the effect
of certain key environmental variables on C. mydas
movements between FGs. Although our findings should
be tested by extending the sampling design to other
size classes, FGs and rookeries, and be complemented
with tools such as satellite tracking, mark-recapture,
particle modelling and other molecular markers, this
information provides evidence on the importance
of studying genetic structuring patterns at a broad
spatial scale in order to better comprehend the ecology
of cosmopolitan species and for effective conservation
planning.

All significant

Shape

Procrustes ANOVA

Centroid
size
All significant

Procrustes

distances

Most non-
significant

MORPHOLOGICAL VARIATION AND ITS ASSOCIATION
WITH GENETIC STRUCTURE AT DIFFERENT SPATIAL
SCALES

Mahalanobis
Distances

Our results on morphology show marked broad-scale
differentiation between genetic lineages for all evaluated
traits (except the flipper), suggesting a substantial
neutral genetic effect on these traits (Holderegger et al.,
2006; ~lvarez-Varas et al., 2019). Thus, it is probable
that this morphological differentiation is associated
with gene-flow barriers (e.g. Panama Isthmus and
oceanographic barrier west of Hawaii) and the
natal homing behaviour of this species, which would
maintain these populations reproductively isolated.
Other studies have also described a strong correlation
between morphology and genetics in widely distributed
marine species. For instance, Kage (1999) and Van
Cise et al. (2019) found a marked association between
morphology and mtDNA haplotypes in short-finned
pilot whales in the Pacific Ocean, and Viaud-Martinez
et al. (2008) demonstrated morphological, genetic and
likely ecological divergence between Black Sea and
Mediterranean Sea bottlenose dolphins.

All body traits (carapace, plastron, head and flipper)
of SC/WPGL turtles vary between FGs. However,
traits are not concordant with the genetic structuring
pattern in this lineage (only New Zealand exhibited
differentiation). On the contrary, NC/EPGL turtles
show congruence between the morphological and
genetic patterns (low differentiation between FGs,
except for Mexico). These results are probably due to
SC/WPGL reflecting an ancient lineage of C. mydas
(Dutton et al., 2014a; Jensen et al., 2019) that has
had considerably more time to differentiate than NC/
EPGL. Nevertheless, as there is no marked genetic
structuring based on mtDNA in SC/WPGL, itis possible
that the morphological variation observed is linked to
selective pressures associated with different ecological/
environmental conditions operating in each FG. This
lack of coincidence may also be attributed to the low
statistical power of mtDNA at a fine scale (Teske et al.,
2018), which demands future research incorporating
molecular markers with greater variability.

but with high
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average
shape
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PCA scatterplot
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Table 2. Continued

Shape
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Figure 6. Difference in body shape of Chelonia mydas from different genetic lineages. Scatterplot shows the first two
axes of the canonical variate analysis for each body structure. ATGL, Atlantic genetic lineage; SC/WPGL, south-central/
western Pacific genetic lineage; NC/EPGL, north-central/eastern Pacific genetic lineage. *Carapace analyses have size effect

removed.

The hypothesis of natural selection occurring in
FGs makes sense, especially for head shape and
flipper shape, which are traits that are likely under
strong selective pressure since they relate to diet
specialization and dispersal capability, respectively
(Wyneken et al., 1999; Nishizawa et al., 2010; Coelho
et al., 2018). Carapace and plastron shape could be
related to ecological or sexual selection (Andersson,
1994; Godley et al., 2002; Bonnet et al., 2010; Salmon &
Scholl, 2014; Casale et al., 2017). Genomic tools could
allow us to examine the relationship between these
phenotypic traits and natural selection, and to rule out
the effect of phenotypic plasticity in this endangered
species, for which it is difficult to obtain empirical
fitness data and carry out experimental studies.

INTEGRATING MORPHOLOGY AND GENETICS:
CONSERVATION AND MANAGEMENT IMPLICATIONS

It has been demonstrated that FGs have a profound
influence on C. mydas population dynamics, being key
habitats in their life cycle (Solow et al., 2002; Seminoff
et al., 2015). Morphological and genetic data confirm
that some Pacific FGs aggregate individuals with
different origins associated with distinct lineages,
which is in accordance with previous reports (Amorocho
et al., 2012; Naro Maciel et al., 2014; Godoy et al.,
2016; Chaves et al., 2017). In particular, Easter Island
(eastern Polynesia), San Jos@ (northern Peru) and
Matapalito (northern Costa Rica) were documented

as new sites harbouring sympatric lineages, and the
Reserva de la Bi sfera El Vizca no (Baja California
Sur, Mexico), Arica and Bahia Salado (northern Chile)
as FGs hosting individuals from a single lineage.

Understanding the genetic diversity distribution,
levels of connectivity between regions and populations,
and the processes associated with population structure
has important implications for species management
and conservation (Avise, 2009; Jensen et al., 2019),
especially for C. mydas, whose key habitats (FGs
and rookeries) are usually separated by hundreds to
thousands of kilometres (Seminoff et al., 2015). The
high genetic diversity in FGs located at the periphery
of the C. mydas distribution range (Mexico, Chile and
New Zealand) emphasizes the importance of their
investigation and protection; particularly in Chile,
where anthropic threats are increasing and the
population sizes are small or unknown (" Ivarez-Varas
et al., 2017).

Based on genetic connectivity and morphology
patterns found here, focusing conservation and
management efforts on two different levels is proposed:
(1) genetic lineages and (2) management units (MUS)
within genetic lineages.

1. Genetic lineages: At a broad scale, the genetic and
morphological divergence between NC/EPGL and SC/
WPGL C. mydas populations corroborates the need for
separate management of these lineages in rookeries
and FGs (where they are sympatric). Estimation of
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