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hermaphrodites were kept together [39]. In addition, population genetic studies using
microsatellites across most of the species’ distribution showed a general lack of deviation
from Hardy-Weinberg equilibrium across loci, strongly suggesting that K. ocellatus is an
exclusively outcrossing species [33,40]. The two species are genetically very divergent,
approximately 10% at mtDNA [33], which is a divergence level higher than is commonly
observed in ‘well-established vertebrate species pairs [41,42]. Kryptolebias ocellatus is likely
to be the sister species of the common ancestor between the selfing mangrove killifishes K.
hermaphroditus and K. marmoratus [30,43].

Figure 1. Mangrove killifish species and schematic representation of predictions and expected obser-
vations. (a) Mangrove killifish species with respective mating systems. Mating system classifications
for Kryptolebias ocellatus and K. hermaphroditus mating were retrieved from [33,35], respectively. ‘SI’
refers to self-incompatible. ‘SC’ denotes self-compatible. (b) Representation for the weak inbreeder,
strong outcrosser hypothesis (WISO) [11]. This hypothesis predicts that outcrossers have higher
potential for genome conflict given the higher likelihood of crossing between divergent genomes
when compared to selfers. This higher potential for genome conflict should reflect on the level of
gametes competitiveness with outcrossers gametes being able ‘overpower’ selfers gametes [11]. Thus,
the prediction is that hybridization between species with different mating systems should occur
more often between males of the outcrossing species with hermaphrodites of selfers (as competitive
sperm should overcome the potential reproductive barrier imposed by the less competitive selfers
eggs). The opposite direction is less likely to happen as outcrossers’ eggs should impose a stronger
barrier for the less competitive sperm from selfers. (c) Representation for asymmetrical backcrossing
between SI and SC hypothesis [5]. Given the differences between parental mating systems, if F1
individuals are viable and able to backcross, the direction of backcrossing should be biased towards
the SI parent (higher gametes transmission) rather than the SC (gametes partially fertilized through
selfing) parent.
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Table 1. Sampling localities and sampling sizes for Kryptolebias ocellatus (Koce) and Kryptolebias hermaphroditus (Kher) in
south and southeast Brazil. Microsatellites information for Guaratiba (GUA in Figure 1) was extracted from individuals
sampled in two different sampling periods, 2017 and 2007. ‘Msats’ refers to sampling sizes for microsatellites. ‘SNPs’
refers to final sampling sizes using single-nucleotide polymorphisms. ‘Reference for Msats’ refer to references from which
microsatellite data was extracted. RJ, Rio de Janeiro State; SC, Santa Catarina State. Asterisks denote sympatric populations.

Sample ID Location Latitude Longitude Msats
(Koce/Kher)

SNPs
(Koce/Kher)

Reference for
Msats

FUN 2017* Fundão mangrove,
Rio de Janeiro, RJ 22◦52′2.50′′ S 43◦13′27.50′′ W 11/16 6/10 Berbel-Filho et al.

[33]/This study

GUA 2017* Piracão mangrove,
Guaratiba, RJ 23◦0′1.90′′ S 43◦34′51.50′′ W 19/16 11/12 Berbel-Filho et al.

[33]/This study

GUA 2007* Piracão mangrove,
Guaratiba, RJ 23◦0′1.90′′ S 43◦34′51.50′′ W 24/10 -/- Tatarenkov et al.

[40]

SFR
Linguado channel,

São Francisco do Sul,
SC

26◦22′0.02′′ S 48◦39′58.40′′ W 19/- 7/- Berbel-Filho et al.
[33]

FLO Rio Ratones estuary,
Florianópolis, SC 27◦28′3.84′′ S 48◦29′33.76′′ W 30/- 7/- Berbel-Filho et al.

[33]

Total 103/42 31/22

Figure 2. Sampling sites for the individuals included in the genetic analysis. Site names and details
included in Table 1. Brown squares represent syntopic populations of Kryptolebias ocellatus and K.
hermaphroditus and circles represent populations where only K. ocellatus was found. (a) Detailed map
of the Rio de Janeiro municipality and its surrounding bays and mangroves.

The sympatry between the SI and obligately outcrossing K. ocellatus and the SC and
predominantly selfing K. hermaphroditus [33] make these species a unique vertebrate system
to understand the evolutionary dynamics of hybrid zones in animals with dissimilar
mating systems. Here we take advantage of this system to explore, for the first time in
vertebrates, some of the existing hypotheses regarding hybrid zones containing SC and
SI species. First, given the low availability of gametes for outcrossing due to prior selfing
in highly selfing organisms (such as K. hermaphroditus), hybridization rates between SC
and SI taxa are expected to be generally low [5]. Second, although we cannot formally test
WISO hypothesis without an experimental approach, based on its predictions, we expect
that most of the natural hybrids to be sired by the outcrosser species (K. ocellatus), rather
than by the selfer species (K. hermaphroditus) (Figure 1b). Alternatively, given the prior
selfing nature of the SC K. hermaphroditus, substantial differences in mating opportunities
in the wild could result in the opposite crossing direction (hereafter called the ‘mating


