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Abstract. This study critically examines the evolutionary relationship between superfetation and
placentotrophy in viviparous fish of the Poeciliidae family. By analyzing phylogenetic data from 36 species, the
research provides strong evidence that increased superfetation—where females carry multiple broods at
different developmental stages—preceded the evolution of advanced placentotrophy. The findings suggest that
the physiological demands of sustaining embryos at different stages created selective pressure for the
development of complex placentas. These results deepen our understanding of maternal investment strategies
in vertebrates and contribute to broader discussions on the adaptive evolution of reproductive traits in response
to ecological pressures such as predation and resource availability.
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Poeciliid fish, species that reproduce through internal fertilization of eggs and give birth to live
young (Figure 1), are a well-known model for research on the repeated evolution of the
placenta in vertebrates (Petrescu-Mag et al 2019; Furness et al 2021; Safian et al 2023).

This news and views article critically examines the evolution of superfetation and
placentotrophy in poeciliid fish, showing that increased superfetation preceded the
development of complex placentas. By analyzing the results of Garcia-Cabello et al (2022)
which contain phylogenetic data from 36 species, the study highlights how sustaining multiple
broods drove placental evolution, offering insights into reproductive strategies in viviparous
vertebrates and broader patterns of maternal investment.

Karla N. Garcia-Cabello, Jesualdo A. Fuentes-Gonzalez, Nabila Saleh-Subaie, Jason
Pienaar, and J. Jaime Zuniga-Vega conducted a study investigating the evolutionary
relationship between superfetation and placentotrophy in viviparous fishes of the Poeciliidae
family (Garcia-Cabello et al 2022). The researchers, affiliated with institutions such as the
Universidad Nacional Auténoma de México, the University of Alabama, and Florida
International University, sought to determine whether increased superfetation—a reproductive
strategy in which females simultaneously carry embryos at different developmental stages—
preceded or followed the evolution of advanced placentotrophy, the maternal transfer of
nutrients through a placenta-like structure (Oroian & Kovacs 2022). Although previous studies
have established a correlation between these two traits, the direction of causality has remained
uncertain (Pollux et al 2009, 2014; Furness et al 2019).
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Figure 1. Birth in poeciliid fish species (original picture, Ioan Valentin Petrescu-Mag).

To explore this evolutionary sequence, Garcia-Cabello et al (2022) analyzed data from 36
species within the Poeciliidae family, employing phylogenetic comparative methods based on
Ornstein—-Uhlenbeck models of adaptive evolution. They measured the degree of superfetation
by counting the number of simultaneous broods carried by females and quantified
placentotrophy using the matrotrophy index, which evaluates the extent of maternal nutrient
transfer after fertilization (Garcia-Cabello et al 2022). Unlike prior research that categorized
species into simple binary classifications—placentotrophic versus lecithotrophic, superfetating
versus non-superfetating—this study treated both traits as continuous variables, allowing for
a more precise examination of their co-evolution.

The results of Garcia-Cabello et al (2022) provided compelling evidence that increased
superfetation evolved before the development of advanced placentotrophy. The evolutionary
models indicated that species with a higher capacity for carrying multiple broods later
developed more complex placental structures, rather than the reverse (Garcia-Cabello et al
2022). This suggests that the physiological demands associated with sustaining embryos at
different developmental stages created selective pressure for improved placental function,
leading to greater maternal investment in embryonic nutrition (Garcia-Cabello et al 2022).
Moreover, the data demonstrated that placentotrophy evolved at a slower rate than
superfetation, reinforcing the hypothesis that the latter was the primary driver of evolutionary
changes in placental complexity (Figure 2).

These findings offer significant insights into the broader patterns of reproductive
evolution in viviparous vertebrates. By establishing a clear evolutionary trajectory from
superfetation to placentotrophy, the study deepens the understanding of how maternal
investment strategies adapt to environmental and ecological pressures, such as predation and
resource availability. The results of Garcia-Cabello et al (2022) also provide a comparative
framework for examining placental evolution in other taxa, including reptiles and some
mammals, where placental complexity exhibits considerable variation. Furthermore, this
research contributes to ongoing discussions about the factors shaping reproductive strategies
in live-bearing organisms, highlighting the intricate relationship between developmental
physiology and evolutionary adaptation.
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Xenodexia ctenolepis
Phalloptychus januarius
Phalloceros harpagos
Pamphorichthys hasemani
Micropoecilia parae
Micropoecilia bifurca
Micropoecilia minima
Carlhubbsia kidderi
Pseudopoecilia festae
Priapichthys darienensis
Heterandria formosa
Priapichthys panamensis
Neoheterandria elegans
Neoheterandria tridentiger
Neoheterandria cana
Poeciliopsis paucimaculata
Poeciliopsis elongata
Poeciliopsis retropinna
Poeciliopsis balsas
Poeciliopsis viriosa
Poeciliopsis monacha
Poeciliopsis infans
Poeciliopsis prolifica
Poeciliopsis lucida
Poeciliopsis occidentalis
Poeciliopsis baenschi
Poeciliopsis fasciata
Poeciliopsis latidens
Poeciliopsis turrubarensis
Poeciliopsis scarlii
Poeciliopsis turneri
Poeciliopsis presidionis
Poeciliopsis pleurospilus
Poeciliopsis gracilis
Poeciliopsis catemaco
Poeciliopsis hnilickai
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Figure 2. Time-calibrated phylogeny of 36 fish species of the family Poeciliidae by Garcia-Cabello et al
(2022), modified from Reznick et al (2017). Bars represent mean values of placentotrophy (quantified
by the matrotrophy index) and superfetation for each species.

In conclusion, this study resolves a key question regarding the evolution of reproductive traits
in poeciliid fishes, demonstrating that increased superfetation facilitated the development of
complex placentas. By applying advanced phylogenetic methods to a comprehensive dataset,
the researchers have clarified an important aspect of evolutionary biology and opened new
avenues for investigating how maternal-fetal interactions shape reproductive diversification in

vertebrates.
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