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Abstract. Through this paper, the reproductive aspects of vertebrates that can significantly influence the
evolution, speciation and diversification of the group is dicussed in the context of the current scientific
literature. Poeciliid fish are an ideal group for sexual selection studies due to the fact that it contains all
types of sexual selection: pre-copulatory sexual selection, post-copulatory pre-zygotic sexual selection
and post-zygotic sexual selection. Many recent studies observed that the evolution of the placenta from a
non-placental ancestor causes a shift of maternal investment from pre- to post- fertilization, making
room for parent-offspring conflicts during the period of gestation. Investigations presented in literature
show that the mother's supply of nutrients to the embryos through the placenta is correlated with the
absence of elements like bright coloration of the skin or tegumentary productions, courtship behavior,
and extreme ornamental display traits in males. In addition, researchers found that males of placental
species have smaller bodies and more developed genitalia, which denotes a reproduction based on
coercive or sneaky mating attempts and weak expression of female choice. They also pointed out that
post-zygotic maternal provisioning is associated with a series of adaptations such as superfetation,
polyandric females, and formation of temporally overlapping, mixed-paternity litters. We concluded that
the type of reproduction of each species is a determining factor in a cascade of physiological, genetic and
biochemical adaptations of vertebrate animals, and a decisive factor in the process of reproductive
isolation and speciation. If interspecific hybridization is, in certain circumstances, considered an
important factor for speciation, reproductive isolation is the most important factor contributing to
speciation and vertebrate diversification.
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Sexual Selection. Sexual selection is a particular case of natural selection (Bourne &
Sammons 2008; Puts 2016). In this specific case, individuals of one biological sex choose
mates of the other biological sex to mate with (intersexual selection), and compete with
individuals of the same sex for access to individuals of the opposite sex (intrasexual
selection) (Bourne & Watson 2009; Bolen 2019). These two subtypes of selection mean
that some individuals have better reproductive success than others within a population,
either due to the fact they are more attractive or developed a preference for more
attractive mates to produce offspring with a better fitness (Miller et al 2010; Starr 2013;
Vogt 2014).
Poeciliids and Sexual Selection. Poeciliid fish are an ideal group for sexual selection
studies (Furness et al 2019; Lindholm & Breden 2002) due to the fact that within it we
encounter all types of sexual selection. We find placental and non-placental species, both
viviparous and ovoviviparous (Pollux et al 2014; Fleuren et al 2018; Jue et al 2018;
Botha et al 2019; Olivera‐Tlahuel et al 2019; Van Kruistum et al 2019).
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Types of Sexual Selection. If we were to roughly divide the types of sexual selection
by the time they appear, they would be: pre-copulatory sexual selection, post-copulatory
pre-zygotic sexual selection, and post-zygotic sexual selection.
Pre-copulatory Sexual Selection. Pre-copulatory sexual selection has been observed
in many vertebrate species that have elaborate courtship behavior (Cooney et al 2017;
Cooney et al 2018). A well-known example is the guppy fish, Poecilia reticulata Peters,
1859 (Houde 1997; Lindholm & Breden 2002). In this species, in populations with
medium or low predation risk, the female chooses its males for mating according to the
intensity and pattern of the body ornamentation (Brooks & Endler 2001; Fitzpatrick &
Servedio 2018). In species that present strong pre-copulatory sexual selection, the postzygotic sexual selection is almost excluded (Pollux et al 2014).
Post-copulatory Pre-zygotic Sexual Selection. It can be also called Post-mating prezygotic. In the same species of guppy fish, it has been observed that the maternal
organism favors male-producing sperm or female-producing sperm, according to the
need of males or females in the population (Petrescu-Mag 2007). In a different study, the
potential for ovarian fluid to act as a post-mating pre-zygotic barrier between two
populations from different waters was observed in Trinidadian guppy (Devigili et al
2018).
Post-zygotic Sexual Selection. In the case of post-zygotic sexual selection, sexual
selection expresses only after fertilization of female gametes. In species that present
strong post-zygotic sexual selection, the pre-copulatory sexual selection is almost
excluded (Pollux et al 2014).
Reproductive Isolation Allows for Speciation. Life diversity on Terra occurs because
of several factors such as mutation, natural selection, and speciation, in one word,
evolution (Xu & Shaw 2019). In order for species to evolve divergent into various
lineages in the tree of life, populations of a taxon must be reproductively isolated from
other taxa so that they are no longer able to create progeny in common (Uy et al 2018).
Over time, mutations accumulate and new adaptations become visible, creating new
species that come from a common ancestor (Scoville 2019).
Although interspecific hybridization is considered to have a critical role in evolution
and speciation in certain situations (Oroian 2015; Vallejo‐Marín & Hiscock 2016;
Petrescu-Mag 2018), reproductive isolation contributes much more to species
diversification and evolution (Devigili et al 2018). There are many different isolating
mechanisms, some of them behavioral, others physiological, called pre-zygotic isolations,
which prevent taxa from interbreeding with each other (Scoville 2019). If some different
taxa do manage to produce interspecific hybrids, there are additional isolating
mechanisms in place, called post-zygotic isolations, that ensure the hybrid offspring are
not selected for by natural selection (Petrescu-Mag et al 2018; Scoville 2019).
Pre-zygotic Isolations. Since there are
such as mechanical, gametic, ethological,
reason that nature prefers these hybrids
2019). Therefore, pre-zygotic isolation
hybridization.

so many subtypes of pre-zygotic isolations,
habitat, and temporal isolations, it stands to
to not even form in the first place (Scoville
prevents, first of all, the occurrence of

Post-zygotic Isolations. In cases when pre-zygotic isolation mechanisms fail to
separate taxa, the post-zygotic isolations will take over and ensure that speciation is the
preferred solution for evolution and this way diversity among species will continue to
increase as natural selection acts (Petrescu-Mag et al 2018; Scoville 2019). In most
cases of post-zygotic isolation, the hybrid progeny is produced, but it tends not to be
viable, nor fertile (Petrescu-Mag et al 2018).
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Both pre-zygotic isolations and post-zygotic isolations are necessary to keep taxa
separate and on divergent paths of evolution. These types of reproductive isolations
increase biological diversity on Earth and help drive evolution (Scoville 2019).
Placenta and its Implications in Sexual Selection. In animal groups like Batrachians
and Aves, species pairs keep their ability to produce viable interspecific hybrids for tens
of millions of years, longer than the mammalian group (Zeh & Zeh 2000). This is due to
their reproductive mode. Both frogs and birds are species that lay eggs. In the case of
viviparous species, the situation becomes more complicated.
Viviparity creates a post‐fertilization arena for all sorts of conflicts, including
genomic conflicts, which are missing in egg‐laying species (Zeh & Zeh 2000). In
viviparous taxa, conflict and competition can arise between sibling embryos in the womb,
mother and embryos, and maternal and paternal genomes within individual embryos
(Zeh & Zeh 2000). Cannibalism among shark species in the phase of embryo is widely
known (Buddle et al 2019). Such kind of intra‐ and inter- genomic conflicts result in
continual and long-term antagonistic coevolution, thereby accelerating interpopulation
post-zygotic isolation (Zeh & Zeh 2000). Moreover, by creating intrapopulation genetic
incompatibility, viviparity‐driven conflict favors polyandry and reduces the potential for
pre-copulatory divergence (Zeh & Zeh 2000; Pollux et al 2014).
For instance, mammalian diversification is known to be characterized by rapid
evolution of incompatible feto‐maternal interactions, asymmetrical post-zygotic isolation,
F2 hybrid enhancement, and disproportionate effects of genomically‐imprinted genes (Zeh
& Zeh 2000).
The evolution of the placenta from a non-placental ancestor causes a shift of
maternal investment from pre- to post- fertilization, making room for parent-offspring
conflicts during the period of gestation (Haig 1993; Zeh & Zeh 2000; Wilkins & Haig
2003; Crespi & Semeniuk 2004; Pollux et al 2014).
In fish species, specifically in the group of poeciliids, placentas have repeatedly
evolved or been lost, producing diversity among closely related lineages in the presence
or absence of placentation (Reznick et al 2002; Pollux et al 2009; Pollux et al 2014)
(Figure 1).
In the same animal group, Poeciliidae, Pollux et al (2014) showed that the
mother's supply of nutrients to the embryos through the placenta is correlated with the
absence of elements like the bright coloration from the skin or tegumentary productions,
courtship behavior, and extreme ornamental display traits in males. In addition, they
found that males of placental species have smaller bodies and more developed genitalia,
which favor sneak or coercive mating and, hence, avoids female choice (Matthews &
Magurran 2000; Magellan & Kaiser 2010). They also pointed out that post-zygotic
maternal provisioning is associated with a series of adaptations such as superfetation,
polyandric females, and formation of temporally overlapping, mixed-paternity litters
(Pollux et al 2014).
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Figure 1. Phylogenetic tree showing relationships among 94 species of the fish family
Poeciliidae (Reznick D. N., for details see the original source: Pollux et al 2014).
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Conclusions. In order for species to divergently evolve into various lineages in the tree
of life, populations of a taxon must be reproductively isolated from other taxa, so that
they are no longer able to create progeny in common. There are various isolating
mechanisms, some of them behavioral, others physiological, called pre-zygotic isolations,
that prevent taxa from hybridization. If some different taxa do manage to produce
interspecific hybrids, there are additional isolating mechanisms in place, called postzygotic isolations, which ensure that the hybrid offspring are not obtained by natural
selection. Poeciliid fish are an ideal group for sexual selection studies due to the fact that
within it we encounter all types of sexual selection, namely: pre-copulatory sexual
selection, post-copulatory pre-zygotic sexual selection, and post-zygotic sexual selection.
Many recent studies anticipated or observed that the evolution of the placenta
from a non-placental ancestor causes a shift of maternal investment from pre- to postfertilization, making room for parent-offspring conflicts during the period of gestation. In
fish species, specifically in the group of poeciliids, placentas have repeatedly evolved or
been lost, producing diversity among closely related lineages in the presence or absence
of placentation. Investigations presented in literature showed that the mother's supply of
nutrients to the embryos through the placenta is correlated with the absence of elements
like: bright coloration of the skin or tegumentary productions, courtship behavior, and
extreme ornamental display traits in males. In addition, researchers found that males of
placental species have smaller bodies and more developed genitalia, which denotes a
reproduction based on coercive or sneaky mating attempts and weak expression of
female choice. They also pointed out that post-zygotic maternal provisioning is associated
with a series of adaptations such as superfetation, polyandric females, and formation of
temporally overlapping, mixed-paternity litters.
We can conclude that the type of reproduction of each species is a determining
factor in a cascade of physiological, genetic and biochemical adaptations of vertebrate
animals, and a decisive factor in the process of reproductive isolation and speciation. If
interspecific hybridization is, in certain circumstances, considered an important factor for
speciation, reproductive isolation is the most important contributing factor to speciation
and vertebrate diversification.
References
Bolen D. S., 2019 Sexual Selection in the American Goldfinch (Spinus tristis): ContextDependent Variation in Female Preference. Doctoral dissertation, The Ohio State
University.
Botha M., Gavriloaie C., Odagiu A., Georgescu B., 2019 Heterandria formosa Girard,
1859, a weirdness of the Pisces group. Poec Res 9(1):21-24.
Bourne G. R., Sammons A. J., 2008 Boldness, aggression and exploration: evidence for a
behavioural syndrome in male pentamorphic livebearing fish, Poecilia parae. AACL
Bioflux 1(1):39-49.
Bourne G. R., Watson L. C., 2009 Receiver-bias implicated in the nonsexual origin of
female mate choice in the pentamorhic fish Poecilia parae Eigenmann, 1894. AACL
Bioflux 2(3):299-317.
Brooks R., Endler J. A., 2001 Female guppies agree to differ: phenotypic and genetic
variation in mate‐choice behavior and the consequences for sexual selection.
Evolution 55(8):1644-1655.
Buddle A. L., Van Dyke J. U., Thompson M. B., Simpfendorfer C. A., Whittington C. M.,
2019 Evolution of placentotrophy: using viviparous sharks as a model to understand
vertebrate placental evolution. Marine and Freshwater Research 70(7):908-924.
Cooney C. R., MacGregor H. E., Seddon N., Tobias J. A., 2018 Multi-modal signal
evolution in birds: re-examining a standard proxy for sexual selection. Proceedings
of the Royal Society B 285(1889):20181557.
Cooney C. R., Tobias J. A., Weir J. T., Botero C. A., Seddon N., 2017 Sexual selection,
speciation and constraints on geographical range overlap in birds. Ecology Letters
20(7):863-871.

Poeciliid Research, 2019, Volume 9, Issue 1.
http://www.pr.bioflux.com.ro/

29

Crespi B., Semeniuk C., 2004 Parent-offspring conflict in the evolution of vertebrate
reproductive mode. The American Naturalist 163:635-653.
Devigili A., Fitzpatrick J. L., Gasparini C., Ramnarine I. W., Pilastro A., Evans J. P., 2018
Possible glimpses into early speciation: The effect of ovarian fluid on sperm velocity
accords with post‐copulatory isolation between two guppy populations. Journal of
Evolutionary Biology 31(1):66-74.
Fitzpatrick C. L., Servedio M. R., 2018 The evolution of male mate choice and female
ornamentation: a review of mathematical models. Current Zoology 64(3):323-333.
Fleuren M., Quicazan-Rubio E. M., van Leeuwen J. L., Pollux B. J., 2018 Why do placentas
evolve? Evidence for a morphological advantage during pregnancy in live-bearing
fish. PloS ONE 13(4):e0195976.
Furness A. I., Pollux B. J., Meredith R. W., Springer M. S., Reznick D. N., 2019 How
conflict shapes evolution in poeciliid fishes. Nature Communications 10(1):1-12.
Haig D., 1993 Genetic conflicts in human pregnancy. The Quarterly Review of Biology
68:495-532.
Houde A., 1997 Sex, color, and mate choice in guppies. Princeton University Press, 226
p.
Jue N. K., Foley R. J., Reznick D. N., O’Neill R. J., O’Neill M. J., 2018 Tissue-specific
transcriptome for Poeciliopsis prolifica reveals evidence for genetic adaptation
related to the evolution of a placental fish. G3: Genes, Genomes, Genetics
8(7):2181-2192.
Lindholm A., Breden F., 2002 Sex chromosomes and sexual selection in poeciliid fishes.
The American Naturalist 160(S6): S214-S224.
Magellan K., Kaiser H., 2010 Male aggression and mating opportunity in a poeciliid fish.
African Zoology 45(1):18-23.
Matthews I. M., Magurran A. E., 2000 Evidence for sperm transfer during sneaky mating
in wild Trinidadian guppies. Journal of Fish Biology 56(6):1381-1386.
Miller E. G., Karlslake E. B., Masanoff J. R., Park J. P., Sammons A. J., Watson L. C.,
Newaj-Fyzul A., Petrescu-Mag I. V., Breden F., Allen T. C., Bourne G. R., 2010
Poeciliid livebearing fish polymorphisms: providing answers to questions of color,
sex, mate acquisition, and personality. In: G. R. Bourne and C. M. Bourne (eds.),
The CEIBA Reader: an introduction to the people, ecosystems, plants, animals and
cuisine of CEIBA Biological Center, Guyana. St. Louis, MO, Yerfdog Publishing.
Chapter 4.21.
Olivera‐Tlahuel C., Moreno‐Mendoza N. A., Villagrán‐Santa Cruz M., Zúñiga‐Vega J. J.,
2019 Placental structures and their association with matrotrophy and superfetation
in poeciliid fishes. Acta Zoologica 100(2):167-181.
Oroian I. G., 2015 Sexual selection: driving force of speciation in fish. AACL Bioflux
8(6):1035-1037.
Petrescu-Mag I. V. 2007 [Sex Control in Guppyculture]. Academicpres, Cluj-Napoca. [in
Romanian].
Petrescu-Mag I. V., 2018 An evolutionary approach to homosexual behavior in Poeciliid
fishes. Poec Res 8(1):24-26.
Petrescu-Mag I. V., Botha M., Gavriloaie C., 2018 Lepus x Oryctolagus cuniculus:
incompatibilities of behavioral and molecular nature. Rabbit Gen 8(1):23-25.
Pollux B. J. A., Pires M. N., Banet A. I., Reznick D. N., 2009 The evolution of placentas in
the fish family Poeciliidae – an empirical study of macroevolution. Annual Review of
Ecology, Evolution, and Systematics 40:271-289.
Pollux B., Meredith R., Springer M., Garland T., Reznick D. N., 2014 The evolution of the
placenta drives a shift in sexual selection in livebearing fish. Nature 513:233-236.
Puts D., 2016 Human sexual selection. Current Opinion in Psychology 7:28-32.
Reznick D. N., Mateos M., Springer M. S., 2002 Independent origins and rapid evolution
of the placenta in the fish genus Poeciliopsis. Science 298:1018-1020.
Scoville H., 2019 Prezygotic vs. Postzygotic Isolations. ThoughtCo, Jul. 1, 2019,
thoughtco.com/prezygotic-vs-postzygotic-isolations-1224814.
Starr C., 2013 Biology: The Unity & Diversity of Life. Taggart R., Evers C., Starr L. (eds),
Cengage Learning, 281 p.

Poeciliid Research, 2019, Volume 9, Issue 1.
http://www.pr.bioflux.com.ro/

30

Uy J. A. C., Irwin D. E., Webster M. S., 2018 Behavioral isolation and incipient speciation
in birds. Annual Review of Ecology Evolution and Systematics 49:1-24.
Vallejo‐Marín M., Hiscock S. J., 2016 Hybridization and hybrid speciation under global
change. New Phytologist 211(4):1170-1187.
Van Kruistum H., Van Den Heuvel J., Travis J., Kraaijeveld K., Zwaan B. J., Groenen M.
A., Megens H. J., Pollux B. J. A., 2019 The genome of the live-bearing fish
Heterandria formosa implicates a role of conserved vertebrate genes in the
evolution of placental fish. BMC Evolutionary Biology 19(1):156.
Vogt Y., 2014 Large testicles are linked to infidelity. https://phys.org/news/2014-01large-testicles-linked-infidelity.html
Wilkins J. R., Haig D., 2003 What good is genomic imprinting: the function of parentspecific gene expression. Nature Reviews Genetics 4:359-368.
Xu M., Shaw K. L., 2019 Genetic coupling of signal and preference facilitates sexual
isolation during rapid speciation. Proceedings of the Royal Society B
286(1913):20191607.
Zeh D. W., Zeh J. A., 2000 Reproductive mode and speciation: the viviparity‐driven
conflict hypothesis. BioEssays 22(10):938-946.

Received: 30 November 2019. Accepted: 28 December 2019. Published online: 30 December 2019.
Authors:
Ioan Valentin Petrescu-Mag, Department of Environmental Engineering and Protection, Faculty of Agriculture,
University of Agricultural Sciences and Veterinary Medicine Cluj-Napoca, 3-5 Calea Mănăștur Street, ClujNapoca 400488, Cluj County, Romania, European Union, e-mail: zoobiomag2004@yahoo.com
Tudor Păpuc, Doctoral School of Agricultural Engineering Sciences, University of Agricultural Sciences and
Veterinary Medicine Cluj-Napoca, 3-5 Calea Mănăștur Street, Cluj-Napoca 400372, Cluj County, Romania,
European Union, e-mail: ptudor2008@yahoo.com
Miklos Botha, SC Bioflux SRL, 54 Ceahlău Street, Cluj-Napoca 400488, Cluj County, Romania, e-mail:
miklosbotha@yahoo.com
Claudia Balint, Department of Environmental Engineering and Protection, Faculty of Agriculture, University of
Agricultural Sciences and Veterinary Medicine Cluj-Napoca, 3-5 Calea Mănăștur Street, Cluj-Napoca 400488,
Cluj County, Romania, European Union, e-mail: claudia.balint@usamvcluj.ro
This is an open-access article distributed under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution and reproduction in any medium, provided the original author and source
are credited.
How to cite this article:
Petrescu-Mag I. V., Păpuc T., Botha M., Balint C., 2019 Placenta and its implications in sexual selection - a
minireview. Poec Res 9(1):25-31.

Poeciliid Research, 2019, Volume 9, Issue 1.
http://www.pr.bioflux.com.ro/

31

