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The key terms linking ontogeny and evolution are briefly reviewed. It is shown that their application and usage in the modern biology are often inconsistent and incorrectly understood even within the “evo-devo” field. For instance, the core modern reformulation that ontogeny not merely recapitulates, but produces phylogeny implies that ontogeny and phylogeny are closely interconnected. However, the vast modern phylogenetic and taxonomic fields largely omit ontogeny as a central concept. Instead, the common “clade-” and “tree-thinking” prevail, despite on the all achievements of the evo-devo. This is because the main conceptual basis of the modern biology is fundamentally ontogeny-free. In another words, in the Haeckel’s pair of “ontogeny and phylogeny,” ontogeny is still just a subsidiary for the evolutionary process (and hence, phylogeny), instead as in reality, its main driving force. The phylotypic periods is another important term of the evo-devo and represent a modern reformulation of Haeckel’s recapitulations and biogenetic law. However, surprisingly, this one of the most important biological evidence, based on the natural ontogenetic grounds, in the phylogenetic field that can be alleged as a “non-evolutionary concept.” All these observations clearly imply that a major revision of the main terms which are associated with the “ontogeny and phylogeny/evolution” field is urgently necessarily. Thus, “ontogenetic” is not just an endless addition to the term “systematics,” but instead a crucial term, without it neither systematics, nor biology have sense. To consistently employ the modern ontogenetic and epigenetic achievements, the concept of ontogenetic systematics is hereby refined. Ontogenetic systematics is not merely a “research program” but a key biological discipline which consistently links the enormous biological diversity with underlying fundamental process of ontogeny at both molecular and morphological levels. The paedomorphosis is another widespread ontogenetic-and-evolutionary process that is significantly underestimated or misinterpreted by the current phylogenetics and taxonomy. The term paedomorphosis is refined, as initially proposed to link ontogeny with evolution, whereas “neoteny” and “progenesis” are originally specific, narrow terms without evolutionary context, and should not be used as synonyms of paedomorphosis. Examples of application of the principles of ontogenetic systematics represented by such disparate animal groups as nudibranch molluscs and ophiuroid echinoderms clearly demonstrate that perseverance of the phylotypic periods is based not only on the classic examples in vertebrates, but it is a universal phenomenon in all organisms, including disparate animal phyla.
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INTRODUCTION

The field of ontogeny is a core biological concept and has enormous applications. Thus, not surprisingly, a significant confusion has arisen during usage and application of the various ontogeny-related terms over centuries. Ontogeny is such a commonly used term, that its meaning has become blurred and is usually referring solely to individual development and also contrasting to phylogeny, with both terms rooted in Haeckel (1866). For Haeckel ontogenesis meant “…die Ontogenie weiter nichts ist als eine kurze Rekapitulation der Phylogenie.” (“= …ontogeny is nothing more than a brief recapitulation of phylogeny, Haeckel, 1866, II, p. 7, our italics). However, evolutionary changes (and hence, a phylogeny) are based on alterations in ontogenetic processes, and this modern understanding is among main general achievements of the evolutionary developmental biology (e.g., Gilbert et al., 1996; Hall, 1999, 2011): “The real Phylogeny of Metazoa has never been direct succession of adult forms, but a succession of ontogenies or life-cycles [thus include both adult and larval periods of ontogeny]” and, the most importantly, “Ontogeny does not recapitulate phylogeny: it creates it.” (Garstang, 1922, p. 82, our italics). Therefore, a further generalization is that the direction of character changes is from ontogeny to evolution, and this has a key meaning for the taxonomy and the entire enormous biodiversity field, since ontogenetic modifications is the basis of the diversity of all organisms (Martynov, 2012a). Without ontogeny and its modifications evolution could not proceed.

Despite this, the incorporation of the ontogeny in the modern taxonomy and biology is only superficial. It is widely acknowledged that there is a modern field of the evolutionary developmental biology (“evo-devo”) in which an apparently exhaustive consideration of the ontogeny has been performed. But in reality, the situation is completely vice versa. There are exceedingly few publications that in some degree discuss biological systematics (taxonomy) and “evo-devo” (e.g., Hawkins, 2002; Minelli, 2007, 2015a,b), and this does not promote the real importance of the ontogeny for taxonomy as a central biological phenomenon. The clearest indication for this, is that while some apparently new terms have been proposed, for instance “phylo-evo-devo” (Minelli, 2009) or “morpho-evo-devo” (Wanninger, 2015), quite contrary these concepts basically rely on the persisting centrality of phylogeny, not on the ontogeny or morphology, per se (see for example the notable comment in Neumann et al., 2021). Compared to the modern time, Haeckel recognized the importance of systematics in the ontogenetic sense: “…die Systematik’ erklärt sich dann einfach aus dem Umstände, dass die individuelle Entwickelungsgeschichte oder die Ontogenie nur eine kurze und gedrungene Wiederholung, gleichsam eine Recapitulation der paläontologischen Entwickelungsgeschichte oder der Phylogenie ist.” = “…systematics’ explained then simply from the fact that the individual evolutionary history or ontogeny is only a short and concise repetition, as it were a recapitulation of the paleontological evolutionary history or phylogeny.” (Haeckel, 1866, II, p. XVIII).

However, in a strong contradiction with the lines above, the fundamental modern neglect of the ontogeny is rooted in the basic works of the major founders of the phylogenetic and ontogenetic thinking in the modern biology: Haeckel (1866), Garstang (1922), and Hennig (1966) as well. Although Haeckel (1866) laid foundation of the evolutionary understanding of ontogeny, his famous aphorism that “ontogeny recapitulates phylogeny” obscured the fact that ontogeny does not mechanistically accumulate evolutionary changes but instead produces them (Figure 1). In a support of this initial Haeckel’s contrasting terms separated ontogeny from phylogeny is the fact that Haeckel equals ontogeny with merely embryology, whereas phylogeny…with paleontology (!): “…dass wir den Begriff der Embryologie (Ontogenie) und der Palaeontologie (Phylogenie) nach Umfang und Inhalt scharf bestimmen.” = “…that we define the concept of embryology (ontogeny) and paleontology (phylogeny) sharply according to scope and content” (Haeckel, 1866, I, p. 53, our italics). Remarkably, this was performed by Haeckel with a very positive intention: to instead make closer exactly ontogeny and phylogeny, “According to the usual biological point of view, however, embryology and paleontology are completely diverse and distant branches of biology, which have nothing in common with one another but the object of the organism” (Haeckel, 1866, I, p. 53). However, more than 150 years after Haeckel’s fundamental insight, the “usual biological point of view” have persisted perfectly, at the level of the scientific publications, educational programs and as “a common comprehension,” represented for example in Wikipedia: “Ontogeny is the developmental history of an organism within its own lifetime, as distinct from phylogeny, which refers to the evolutionary history of a species” (Ontogeny, 2022, Wikipedia, our italics), despite all achievements of the evo-devo! This is not the result which Haeckel would have expected from his scientific descendants. The words and scientific terms are crucial not only for thinking and communication, but also for the proper development of the key scientific fields, such as evolutionary one. The persisting and very strict pre-Haeckelian sharp contrast between “ontogeny and phylogeny” has strongly postponed real development of the entire evolutionary field. Without new terminological (re)formulation furthers steps forward in that ontogenetic and evolutionary field, so strongly perplexed and confused over centuries, will be impossible.
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FIGURE 1. The scheme illustrates changes in the understanding of the “ontogeny and phylogeny” conceptual framework compared with Haeckel’s (1866) and modern paradigm since Garstang (1922) seminal work.


This statement has implications to a much larger extent than currently recognized. Despite that Garstang (1922) subsequently clearly indicated that fundamental deficiency of the Haeckel’s understanding of the ontogeny, in the modern general biological framework, the “ontogeny” and “phylogeny” are usually sufficiently contrasted. This is easy to prove that in majority of the molecular phylogenetic studies, including such crucial as phyla interrelations, ontogeny (or at least a “development”) usually either not mentioned, or if mentioned, but only as a highly subsidiary evidence (e.g., Laumer et al., 2019). The major approach of the phylogenetic inference is a suite of statistical methods based exclusively on the DNA sequences (e.g., Yang, 2014), which cannot be equated with the ontogeny as entire life cycle in all its complexity. The best balanced of the recent studies, which consider the development still make a major focus on the disparity along the clade evolution, than on a common shared ontogenetic patterns among different at adult stages phylum subgroups (Deline et al., 2020). Hennig (1966), despite that discussed ontogeny, concentrated on the phylogenetic aspects from the “ontogeny and phylogeny” pair, and by this, made a significant contribution to the modern persisting theoretical and practical fundamental omission of the ontogeny as a central process, which produced biodiversity.

However, each individual ontogeny is not only a product of the genetic mutations and selection that apparently allow that very formal scheme in Hennig (1966), but interlinks ancestral and descendant ontogenies through epigenetic and other developmental processes (e.g., Danchin et al., 2019; Anastasiadi et al., 2021; Loison, 2021; Yi and Goodisman, 2021; Lemmen et al., 2022). Therefore, the current unprecedented rise of the epigenetic data provides not only strict evidence for the reality of “every day”- ontogenetic modifications, but also some indulgence for a straightforward refusement by Garstang (1922) of the Haeckel’s initial paradigm! Although this is by no means reverse the correct Garstang (1922) conclusion on the major Haeckel’s misconception, that the phylogeny is not only a succession of adults, but alterations of the ontogenetic cycles, in which ontogeny plays the role of a central process. The profound linkage between adult and embryonic/larval parts of an ontogenetic cycles can, however, partly reconcile both Haeckel’s initial variant and Garstang’s reformulation. This is because since the time of Garstang the epigenetic influence of the adult modifications on the gametes has been confirmed (e.g., Anastasiadi et al., 2021). It was also noted that Haeckel adherence with phylogeny and consideration of ontogeny as a dependent process was result of an incorrect formulation, rather than Haeckel’s misunderstanding of the real ontogenetic data (Ezhikov, 1940). Furthermore, and even more paradoxically, Garstang (1922, p. 100, our italics) in turn made too much stress on the disproving of the Haeckel’s “biogenetic law”: “Inevitably there is recapitulation of successive grades of differentiation, but repetition of adult ancestral stages is necessarily and entirely lacking.” While Haeckel’s motto “ontogeny recapitulates phylogeny” masked the fundamental fact that phylogeny is not a separate process, but modification of ontogenetic cycles throughout time, however, Garstang’s definition in turn strongly disrupted the phylogenetic succession of the modified ontogenies, and by refusing of the importance of the linkage between adult and embryonic/larval stages, actually partly returned the ontogeny field to the antievolutionary “types concept” by von Baer (1828/1837). Therefore, in order to formulate true modern paradigm, both Haeckel’s original and Garstang’s subsequent formulations, need to be refined and reunited (Figure 1).

In a great concordance with the main line of the present work, it has been highlighted recently that ontogeny and phylogeny must be considered as a single process—“ontophylogenesis” (Kupiec, 2009)—and this is in turn remarkably mirrored not only the “phylembryogenesis” concept developed more than a century ago using a different argumentation (although still on the ontogeny-based background, Severtsov, 1912), but immediately recalled the basically unsuccessful, although heroic attempt by Haeckel (1866) to make “ontogeny” and “phylogeny” closer. The Severtsov concept, however, during less a century of its further development by its successors, turned to be not a modern reformulation of the Haeckel’s heritage, but became a new dogma, when within the complex and dynamic ontogeny, only three major modes that affects evolutionary modifications have been recognized: “anaboly, deviation and arhallaxis” (e.g., Severtsov, 1939; Ivanova-Kazas, 1995, 2004; see also discussion in Martynov, 2012a), which insufficiency has been already recognized, and limited “phylembryogenesis” was proposed to be substituted exactly with “phylontogenesis” (Vorobyeva, 1991, p. 73). This rigid “three-part” ontogenetic scheme significantly underestimated the real diversity of the ontogenies and phylogenetic results of its modification, and most importantly, did not help to overcome the persisting modern, strong contrasting of “ontogeny and phylogeny.” Obviously, on the immediate contrary to Severtsov (1912, 1939) assert that Haeckel biogenetic law is putatively justified only when ontogeny modified through “an extension of development, anaboly” is based on fundamental underestimation that a descendant ontogeny can be completely free from any ancestral ontogenetic patterns (either adult or larval), which is contradicted by all that is known about real ontogenies (e.g., Martynov and Korshunova, 2015; Korshunova et al., 2020; present work, Figure 2).
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FIGURE 2. (A) The presentation of phylotypic periods (dark green box) in the disparate at adult phases dorid nudibranch families Polyceridae (represented by Palio dubia) and Cadlinidae (represented by Cadlina laevis) showing essentially similar to the classic vertebrate phylotypic period an irregular hourglass-like earlier ontogenetic patterns. (B) Adult morphological disparity (red arrows) and juvenile conservativeness of the dorid nudibranchs manifesting in the phylotypic periods (dark green box). The dorid phylotypic periods keeps several essential features of the adult pleurobranchid organization (joined rhinophores, ventral anus), which is ancestral for dorids. Thus, evolutionary modifications (blue arrow) of the adult pleurobranchid ontogenetic periods into dorid descendant organization partly remains as some key features in the early ontogenetic dorid phylotypic periods. See Korshunova et al. (2021) for molecular phylogenetic data. Dorid paedomorphic taxa (e.g., Corambe obscura, light green arrow) reveal some key features (including ventral anal opening and gills) which link both adult ancestral organization of pleurobranchids and phylotypic periods of majority of non-paedomorphic dorids. a, anal opening, g, gills, r, rhinophores.


In parallel with the Kupiec’s (2009) remarkable implication that ontogeny and phylogeny represent in reality the same process, it was unequivocally and independently concluded on the paedomorphosis as a process linking individual and historical development (Martynov, 2012a, p. 839). In this respect it is most importantly, that every individual ontogeny incorporates phylotypic periods, which have originated and persisted over a large evolutionary range (Arthur, 2002; Irie and Kuratani, 2011; Martynov, 2014; Martynov and Korshunova, 2015), and therefore ontogeny cannot be easily separated from the “phylogeny,” that was omitted by both Haeckel (1866) and Hennig (1966). However, Garstang (1922) in turn critically omitted the partial perseverance of the adult ancestral organization in form of the Haeckel’s “recapitulations,” and which have been later reformulated as phylotypic stage (Slack et al., 1993) or phylotypic periods (Richardson, 1995, 1999; Arthur, 2002, 2015). This is therefore, although at first glance very surprising, but consistent with these founders of the phylogenetic thinking in biology, when even the core achievement of the “evo-devo,” phylotypic periods, has been disregarded using precisely phylogenetic logic (Hejnol and Dunn, 2016).

Thus, the current situation is truly a most paradoxical one. Everybody understands the importance of ontogeny. This is an open secret at least since Garstang (1922) that the initial Haeckel’s definition of the relation between ontogeny and phylogeny contains a fundamental deficiency. However, the evidence for the phylotypic periods as a key concept of the “evo-devo” (Arthur, 2002; Cridge et al., 2019) and can be considered as partial modern reformulation of the “biogenetic law” (Levit et al., 2022) is almost negligible in the vast “phylogenetic” discipline. There also is an impressive number of the references which since 1866 attempted to discuss the “ontogeny and phylogeny” field under various names and using different aspects (Gould, 1977), or in some way criticize or reformulate Haeckel’s “biogenetic law” and concepts of the Haeckel’s immediate predecessor Müller (1864), and the citations provided here do not pretend to be exhaustive, but to show some punctuated time line (e.g., Gegenbaur, 1888; Hurst, 1893; Bateson, 1894; Sedgwick, 1894; Mehnert, 1897; Keibel, 1898; Morgan, 1908; Smith, 1911; Severtsov, 1912, 1939; Garstang, 1922; de Beer, 1930, 1958; Needham, 1933; Kryzhanovsky, 1939; Schmalhausen, 1942; Ivanov, 1945; Bonner, 1965; Emelyanov, 1968; Mirzoyan, 1974; Gould, 1977; Alberch et al., 1979; Peters, 1980; Raff and Kaufman, 1983; Kluge and Strauss, 1985; McNamara, 1986; McKinney, 1988; Vorobyeva, 1991; Ivanova-Kazas, 1995; Gilbert et al., 1996; Müller, 1997; Bininda-Emonds et al., 2002; Hall, 2003, 2011; Belousov, 2005; Wiens et al., 2005; Minelli, 2007, 2009, 2015a,b; Kupiec, 2009; Martynov, 2009, 2011a,b, 2012a; Wanninger, 2015; Lamsdell, 2020; Martynov et al., 2020; Núñez-León et al., 2021; Levit et al., 2022; Richardson, 2022; Uesaka et al., 2022; and many others). However, despite on all these tremendous efforts, by year 2022, ontogeny remains to be a subsidiary discipline of the broadly phylogenetic studies. The original Haeckel’s definition, Garstang’s reformulation and the apparently modern phylotypic periods concept existed largely separate from each other, despite they are all must be inevitably intersected. Thus, before ontogeny will be a real basis for any biological discipline including taxonomy (and hence a fundamental to immense biodiversity patterns and studies), exactly theoretical basis of the “ontogeny and phylogeny” field must be (one more time) revised. This is a key starting point that can further help to merge the achievements of the evolutionary developmental biology with the true keeper of the worldwide biodiversity—systematics and taxonomy.

Because the ontogenetic field and related evolutionary problems is immense, in the present work we cannot address all arisen questions, but we instead will focus on the clarification of some core concepts which are related to the field of “ontogeny and evolution” and present perspective for the further development of the emerging interdisciplinary field of ontogenetic systematics with an emphasis to the paedomorphosis process linked to the ancestral organization via phylotypic periods.



TERMINOLOGICAL CLARIFICATION


Ontogeny, Evolution, and Phylogeny

Ontogeny must not be restricted to a developmental stage or a metamorphosis, but it should be explicitly stated that ontogeny is an entire life cycle in all its evolutionary dynamics. The term “evolution” (and therefore, phylogeny) is unfortunately loosely connected with the term “ontogeny,” and the fact that ontogeny is meaningless without invoking ontogeny which produces phylogeny (Figure 1) and it is notable that the original meaning of the term “evolution” was “ontogeny” (Bowler, 1975). Any ontogenetic patterns and processes, among them such central as phylotypic periods and heterochronies, are therefore not solely specific terms of the “evo-devo” field but have direct importance for the origin of the biological diversity and hence is of paramount importance for the biological taxonomy. For example, in a conditional evolutionary-free framework and without consideration of ontogeny as entire life cycle, the juvenile and adult stages can be putatively considered as separate sets of data (Figure 2, red arrows). However, for instance, juveniles of dorid nudibranchs represent from one hand the key features of the pleurobranchid ancestral organization (joined rhinophores and ventral anal opening) and form respective phylotypic periods (Figure 2, dark green box). From the other hand, adult dorid family Corambidae also possess ventral anal opening and gills due to the process of paedomorphosis, which secondarily returns the phylotypic patterns to the adult stages (Figure 2, light green arrow). By these and more examples (Figures 3–5) it became obvious that modifications of ontogeny is a basis for appearing of the biological diversity and that a “phylogenetic” study cannot be performed without consistent incorporation of ontogeny. This is therefore not a surprise that very significant efforts have been done by antievolutionists in attempts to of course unsuccessfully disprove the real existence of the Haeckel’s recapitulations (see e.g., Richards, 2009), which are currently can be partly reformulated as phylotypic periods. This is because exactly phylotypic periods provide direct evidence of the reality of evolution. Modern strict phylogenetists must therefore not attempt to disprove (e.g., Hejnol and Dunn, 2016) the reality of the universal conserved periods in ontogeny of the very different at adult stage organisms (Figures 2–4), but instead highly praise this essential for the understanding of evolution and phylogeny phenomenon.
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FIGURE 3. Ontogenetic-and-evolutionary linkage through the modifications of the ontogenetic cycles of aeolidacean nudibranchs. Note significant similarity between aeolidacean ontogenetic periods (hence, phylotypic periods) and adult organization of particular paedomorphic (pm) aeolidacean taxa (e.g., Bohuslania and Tenellia, green boxes). See Korshunova et al. (2018) and Martynov et al. (2020) for molecular phylogenetic data.
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FIGURE 4. Ontogenetic-and-evolutionary linkage through the modifications of the ontogenetic cycles of ophiuroid echinoderms. Note significant similarity between ophiuroid ontogenetic periods (hence, phylotypic periods) and adult organization of particular paedomorphic (pm) ophiuroid taxa (e.g., Ophiomastus and Perlophiura, green boxes).
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FIGURE 5. Evidence for essential, unique similarity between respective homologous ophiuroid characters, including external primary disk plates and internal ossicles (dp, dental plate; vb, vertebrae) of the adult strongly paedomorphic ophiuroid Perlophiura profundissima and phylotypic periods of early juveniles (postlarvae) of the complex non-paedomorphic ophiuroid Ophiura sarsii. The considerable reducing of the paedomorphic life cycle, which lacking complex adult stage is indicated by dashed red cross. By this unique similarity between adult paedomorphic taxa and juveniles of the complex taxa makes almost direct ontogenetic-and-evolutionary linkage as impossible to deny.




Phylotypic Periods, Recapitulations, and Biogenetic Law

The concept of phylotypic period implies the presence of similar, homologous and conservative periods of ontogeny shared by various groups with disparate adult morphology (e.g., Arthur, 2002; Martynov and Korshunova, 2015; Cridge et al., 2019; Figure 2). Phylotypic periods and their underlying transcriptomic activity have been documented in disparate metazoan phyla (e.g., Domazet-Lošo and Tautz, 2010; Kalinka et al., 2010; Ninova et al., 2014). The term phylotypic period (sometimes as denounced as a phylotypic stage) largely substituted the term recapitulation (Slack et al., 1993; Richardson, 1995), but this was rather terminological than a biologically founded proposal. Ontogeny, in many cases, preserves major features of an ancestral ontogenetic cycle (which thus can be directly partly observable in form of the phylotypic periods), but not an entire sequence of evolutionary alterations. This is very important to note, that phylotypic periods from one hand do not preserve entire ancestral evolutionary sequence and cannot be considered as completely “uniform” across major subtaxa of a given higher taxonomic group, e.g., vertebrates (Richardson et al., 1997), but this should be not used as a substantiation against its fundamental importance for the inferring of phylogenetic patterns (Richards, 2009; Arthur, 2015). From the other hand, the phylotypic period should be not restricted only to a search for a “single” hourglass-like pattern within an ontogeny that is commonly performed in the “evo-devo” field. Any ontogeny obviously preserve several layers of the ontogeny of ancestors, and therefore several phylotypic periods can be potentially recognized within a given ontogeny of a given group, and every phylotypic periods can potentially roughly corresponds not to single, but several “higher taxa” of traditional taxonomic hierarchy (Martynov and Korshunova, 2015; present work). This novel approach to recognize several phylotypic periods within a given ontogeny is also highlighted here (Figures 2–4).

A very relevant example of the phylotypic periods is dorid nudibranchs, when at early juvenile periods phylogenetically distant and morphologically disparate taxa, such as Cadlina and Palio from different families, see details and molecular phylogeny in Korshunova et al. (2020), show significantly similar morphologies, of course not absolutely identical (Figure 2), exactly as phylotypic periods of birds, although essentially similar to that of mammals are different in some details (Cridge et al., 2019). Such a strong adult divergence and juvenile fundamental similarity essentially conforms to the classic examples of the phylotypic periods in vertebrates (Haeckel, 1866; Slack et al., 1993; Arthur, 2002) and imply direct contributions for the origin of the taxonomic diversity. This is also very important example to show tight linkage between ontogeny and evolution: on the Figure 2 we show that ancestral organization of the order Pleurobranchida (proved also using the molecular phylogenetics, see e.g., Pabst and Kocot, 2018) while modified into disparate dorid descendent organization (Figure 2, blue arrow), however, preserved at the juvenile phylotypic periods some elements of the adult pleurobranchid ancestors, including such key patterns as joined rhinophores and ventral anal opening (Figure 2, dark green box).

This example is very important because demonstrates ontogenetic patterns principally similar to the classic vertebrate “regular or irregular” hourglass-like phylotypic patterns (Cordero et al., 2020) in a completely different animal phylum, Mollusca (Figures 2, 3), as well as within Echinodermata phylum (Figure 4). This also well demonstrates that evolution and resulting phylogeny is not a some theoretical process that needs to be specially proved, but that elements of adult organization of remote ancestors is still integral part of ontogenies of the modern, really existed descendants, and this pattern of the partial preservation of the ancestral morphologies in form of the respective phylotypic periods can be revealed among representatives of such disparate phyla as molluscs (Figure 2) or chordates (e.g., Arthur, 2015). This naturally existed and proved here to be universal ontogenetic preservation of the elements of adult ancestral morphologies (with respective molecular ground, e.g., specific transcriptomic activity) between very different animal phyla (Figures 2–5) was critically omitted by Garstang (1922) in his reformulation of the Haeckel’s “biogenetic law.” It is also possible to recognize several ancestral layers within dorid ontogenies, which represent several phylotypic periods corresponded to the several modifications of ancestral organizations and have been named separately, e.g., as phylotypic periods dp1 and dp2 (see Martynov and Korshunova, 2015). Also, in a remarkable coincidence with partially- or irregularly resembling the famous “hourglass” ontogenetic pattern (with all possible reservations, see Arthur, 2015), because early larval modifications (e.g., planctonic larva in dorid Palio and direct-developed larva in dorid Cadlina, Figure 2) apparently more different than subsequent “middle” phylotypic stage dp. 1 (Figure 2). Therefore, Haeckel’s recapitulations are partly compatible with the both “funnel model” and the hourglass model, the latter dominating in today’s evo-devo. However, as an important comment to this, it is needed to highlight, that despite on the differences, the larval earliest ontogenetic periods in the adult shell-less Palio and Cadlina are still can be considered as phylotypic periods common with the predominantly shelled molluscan class Gastropoda since both Palio and Cadlina bear essentially the same veliger-like structures, although highly reduced in the direct developer Cadlina (Figure 2). Therefore, the “evo-devo” hourglass concept should not disrupt and mask the key ontogenetic consideration, that even within strong “larval adaptations” obvious remnants of the shelled gastropod ancestral organization can be recognized and traced within shell-less at adult stage nudibranchs. By this, it is also relevant to make a special reservation, that although all evidences, including molecular data should be used to confirm evolutionary models and ancestral patterns, we refer to the “molecular phylogenetic data” as a proof not because we cannot provide evidence using ontogenetic data, but because of the obvious dominance of the “phylogenetic thinking” over ontogenetic one, the theory and practice of the ontogenetic systematics were largely not developed. It is now time to explicitly start and reintroduce that “new old” discipline, which consistently encompassed and re-untied “ontogeny and phylogeny” immense field.

It is also necessary to highlight, that manifestation in the ontogeny of descendants only partial, but still key characters of the adult ancestors (e.g., Figure 2) do not disprove recapitulations. Therefore, the past sometimes very harsh and unsubstantiated critic on the entire Haeckel’s fundamental works (e.g., Borzenkov, 1884, p. 130–135) and currently persisted common view that biogenetic law (which is based on the partial recapitulation in ontogeny of descendants of an ancestral organization) has been completely abandoned (e.g., Raff and Kaufman, 1983, p. 19) are in reality profoundly incorrect and does not correspond to the real ontogenetic patterns. Recapitulation in the renewed sense should be understood not as “recapitulation of phylogeny” in strict Haeckel’s sense, but as partial recapitulation of ontogeny of ancestors. This reformulation is important challenge for the contemporary biology since directly influences understanding of the key role of phylotypic periods for the fields of taxonomy and phylogeny. The fact that modern ontogeneses preserve in the phylotypic periods some key features of adult ancestral organization of remote ancestors (for example pharyngeal clefts (arches) in terrestrial mammals) is significantly undervalued by modern evolutionary biologists (e.g., Futuyma and Kirkpatrick, 2017, p. 371), despite clear evidence from the evolutionary developmental biology in presence of various conserved periods (e.g., Irie and Kuratani, 2011; Cridge et al., 2019; Cordero et al., 2020; Hao et al., 2021; Liu et al., 2021; Levit et al., 2022; Uesaka et al., 2022). Therefore, typical modern understanding (e.g., Barnes, 2014) that Haeckel’s core contributions as largely wrong due to the putative failure of the concepts of recapitulations and biogenetic law is in fact fundamentally incorrect and must be no more continue to be mentioned as “wrong” in numerous educational as well as targeted for broad audience sources. We must praise Haeckel for the first consistent application of the evolutionary idea to the ontogeny (e.g., Levit and Hossfeld, 2019), even with respective reformulation of the Haeckel’s key concepts. Especially dangerous sometimes continuing association of Haeckel with the Nazis regime, even in a softened form (e.g., review in Rieppel, 2016), because Haeckel died more than 10 years before that regime has been established, and although Haeckel has made controversial statements of the role of artificial selection in the human society, the potential subsequent malicious usage of his heritage by Nazis by no means should be considered as his guilt. In this respect, Rieppel (2016, p. 78, 79) specially highlighted that “In his own time, at any rate, Haeckel had defend himself not as protagonist of right-wing politics or fascism, but instead of socialism and academic liberalism,” and remarkably, “believe that continuing evolution of the human brain would one time render armed conflicts a thing of the past” (!). Thus, whatever of the Haeckel’s controversies, more than one century later, by the end of February of 2022 we must only conclude that sadly, Haeckel’s desperate call has not been yet implemented by the politicians and the human society.

The tight practical linkage between ontogeny and evolution (instead of the contrasting notion of “ontogeny and phylogeny”) is further reinforced by the widespread phenomenon of paedomorphosis. Paedomorphosis in turn almost directly links juvenile ancestral organization (which is partially kept in ontogeneses in form of phylotypic periods, Figure 2, dark green box) with actual existing adult stages of modern descendants (Figure 2, light green arrow), although it was attempted to deny this (e.g., Mayr, 1963), and with the reinforcement of the solely “phylogeny-part” from the undividable pair of the ontogeny and phylogeny, this “phylogenetic denying” of reality of the universal ontogenetic patterns across distantly related taxa is continuing (e.g., Hejnol and Dunn, 2016). Here, we will present several striking examples of the reality of ontogenetic linkage (see also Martynov et al., 2020) between ancestral juvenile (but at a preceding ancestral level, still representing past adult organization) and descendant adult characters among taxa of very disparate phyla such as molluscs and echinoderms (Figures 2–5).



Phyla Are Real in the Sense of Natural Ontogenetic Properties

Originally, we did not plan to specially emphasize this point, because it is apparently an obvious one. However, a kind comment of one of the reviewers point that situation with the neglecting of the ontogeny in biology (not speaking of taxonomy) is so serious, so we need to specially emphasize this question there. Thus, we find that the phyla can be considered as “not real ones” (with all reservations to the word “real” in a taxonomic context), and at best can be comprehended as a collection of an endless number of phylogenetic clades, those, and not the phyla itself must be a central focus of evolutionary study (e.g., Hejnol and Dunn, 2016). Because in the latter paper even most serious, naturally ontogenetic evidence of the real existence of the ontogenetic phylotypic periods across at adult stages dramatically different taxa (Levin et al., 2016), has received a severe critic from the “phylogeny-centered” colleagues, it will be not very convincing to provide just logical or theoretical arguments in support of the existence of the universal ontogenetic patterns. Instead, we will provide here a very simple and a very practical test. Given a marine location, where we have performed some sampling. In the obtaining samples we may find at a first glance, an endless diversity of invertebrate animals. However, such diversity is endless only putatively. Almost 300 years of long and controversial development of the systematic zoology starting from just a structural comparison (still within a non-evolutionary thinking), through acceptance of the evolution and following by the phylogeny-based boom, do not only disprove, but instead strongly strengthened an obvious and natural fact: in any sample obtaining at any depth and at any environment we will be not able to find more than 40 major structural multicellular animal-related organizations, which the systematic zoology assessed as animal phyla, i.e., any endless number of individuals and subgroups will be encompassed by just less than forty major structural plans (with only minor disagreement since some of the phyla can be treated as subphyla/other subgroups). This is a remarkable scientific achievement that judge from the comments from the phylogeny field (e.g., Hejnol and Dunn, 2016) either do not acknowledge at all, or misleadingly interpreted.

The next test, that even if we have a strong intention, this will be highly unlikely that someone will easily describe a completely new phylum. A description of a new phylum is a rare, exceptional, and obviously not a routine event. Furthermore, even the most recent phylogenies confirmed validity of absolute majority of the animal phyla (e.g., Laumer et al., 2019), and the main alterations rather concern mostly the status of annelid-related phyla (subgroups). Therefore, someone may wish to find more or deny the existence of the very limited number of the basic animal organizations, when you will come across with a real sample from a real environment, it will be an exceedingly rare and lucky chance that you will be able to detect some completely new organization, beyond that less than 40 main animal structural organizations (even it is still possible to somewhat extend or reduce in number). Notably, there is a recent proposal from the “evo-devo” to consider vertebrates as a separate phylum (Irie et al., 2018). However, again, even with possible somewhat extension of the main structural organizations, they will be still very limited in number, and the “phylum-hypothesis” continues to be confirmed on daily basis by practicing biologists. We specially avoid here the term “body-plan” in order not to be aligned with the pre-evolutionary thinking, but for the majority of phyla, even despite on the subgroup diversity and reduction it is possible to provide a diagnosis that will contain a specific for every phylum set of the adult and juvenile (larval) characters.

Which the most important facts evolutionary developmental biology has added to this well established and obviously natural structural pattern of the highest conservatism discovered by the systematic zoology and largely supported by the molecular phylogenetics? Evolutionary developmental biology has concluded that even in the highly disparate at adult stages representatives of an animal phylum, there are some ontogenetic stage(s) of highly conserved period(s), which even with all reservations and subgroups diversity (e.g., Richardson et al., 1997, Richardson, 2022; Richards, 2009; Arthur, 2015; Levin et al., 2016; Deline et al., 2020) are persisted in their inter-taxon conservatism. For every extant phyla, despite on all the class diversity and reductions it is possible to provide a particular, unique enough set of adult and larval patterns, both according to the classic “structural” approach with some evolutionary ground (e.g., Brusca and Brusca, 1990) or framed in apparently very strict “modern phylogenetic framework” (e.g., Schierwater and DeSalle, 2021). The latter book is especially relevant for the main topic of the present contribution. It is titled as “Invertebrate Zoology: A Tree of Life Approach,” despite that in an abstract it is described as “Synthesizing …. classical morphology, sequencing data, and evo-devo studies”! This is a best proof that even if ontogeny in some way is included into modern studies and reviews, it is an important but still an “add-one” to the phylogeny. Therefore, it is absolutely justified to conclude that there is no “ontogeny” as a primary discipline compared to the resulting process of phylogeny in the contemporary biology. The continuous urgent call for the necessity of the independent, primary discipline of the ontogenetic systematics is therefore fully justified.

Thus, the concept of the phylotypic periods (“stages”) instead of being falsely alleged to be an “idealistic discipline,” at a new level synthesizes the achievements of the systematic zoology exactly in the evolutionary sense. The newest data in support of the real existence of the phylotypic periods in the ontogeny of such fundamentally different divisions of organisms as animals and plants are continued to be available (e.g., Liu et al., 2021). If we will discard phylotypic periods from the core concept of the evolutionary developmental biology, then the entire field of the “evo-devo” must be discarded, because otherwise “evo-devo” is just a supplementary to a phylogenetic analysis, which will be always primary to the ontogeny. Indeed, a lot of efforts still need to be done in the recognition of the shared phylotypic periods at many different levels of ontogeny across majority of the animal and plant phyla (divisions), but this do not mean that if we do not have a clearly recognized phylotypic periods for all phyla and for many subgroups, we should refuse this key ontogenetic and evolutionary approach. The inclusion of paleontological data is special challenge, but as we already mentioned above, in every phylogeny there are not just “single phylotypic period,” but several layers of ancestral ontogenies (e.g., Figures 2–4), and therefore shared phylotypic periods can be assessed also for supraphyletic taxa, including extinct phyla and other taxonomic groups. That is why a separate field of ontogenetic systematics which is clearly put forward the fundamental precedence of the ontogeny for the evolution, and hence for any phylogenetic analysis is fully justified and highly necessary. The key proposal of the ontogenetic systematic is that the phylotypic periods are no more “isolate Baer’s entities” but inevitably reflect elements of ancestral organization, and hence indispensable for the reconstruction of the ancestral organizations at any taxonomic levels. That can be a better involvement of truly evolutionary principles and that could be a better antidote against any antievolutionary approaches, than the very phylotypic periods approach? It is therefore really important to present why apparently profoundly evolutionary phylogeneticists deny for the ontogeny field the ability to even more clearly present an ancestral organization that it partially manifested at the phylotypic periods of ontogeny. With the only reservation perhaps that the entire ontogeny itself as entire set of several phylotypic periods. To clearly understand this, we need to more strictly outline the basic principles of the ontogenetic systematics, as we presented in this contribution, respectively.



Paedomorphosis

Paedomorphosis is a next to the phylotypic periods very important evidence for the very tight linkage between ontogeny and phylogeny, as well as between ontogeny and evolution (Martynov, 2012a). This is because while a paedomorphic organism is formed, partial structural patterns which in ancestors persist only at larval or juvenile stage, in paedomorphic adult descendants, become part of adult organization. Although this is partly evident, but in reality this is a highly underestimated consideration. Because in this case, a paedomorphic organism partly became… a functional, adult phylotypic period of ancestral ontogenies! This is not a stretch or a pure theoretical consideration. Adult paedomorphic dorids of the family Corambidae essentially similar externally to the phylotypic periods of the complex non-paedomorphic dorids (Figure 2), paedomorphic cuthonid aeolidacean nudibranch genus Bohuslania essentially similar to the juvenile phylotypic periods of the genus Cuthona (Figure 3), and strongly paedomorphic ophiuroid of the genus Perlophiura fundamentally similar to postlarvae of the non-paedomorphic ophiuroids both externally and internally in such degree (Martynov, 2009, 2011a,b, 2012a; Stöhr and Martynov, 2016), that can be confused with a real postlarva/earlier juvenile (Figures 4, 5). This is in turn, very nicely corroborated the classic example of paedomorphosis, the axolotl and further examples of various obligate or non-obligate paedomoprhosis cases among amphibians (e.g., Wiens et al., 2005), and also partially evokes the “fish-like” ancestral organization (usually kept only as the ontogenetic phylotypic period), but at the adult stage.

In this respect, in relations to the phylotypic periods and adult and juveniles ancestral and descendant organization, paedomorphosis represent several remarkable layers of primary modifications of an adult ancestral phase into juvenile phylotypic periods of descendants, and then, a secondary partial restoration of the primary adult ancestral organization at the descendant secondary adult paedomorphic organization (Figure 2). These consequential and complex interactions between adult, juvenile phases in ontogeny linked by phylotypic periods is fundamentally omitted in the modern taxonomy and biology. To further complicate that picture, some ontogenetic level can be exclusively larval since the most ancestral organization, e.g., sponges-like biphasic adult-larval ontogenetic cycle persisted in the majority of the modern bilaterians, and the larval phases can be only partially involved into formation of the adult organization. Of course, since there is an almost endless number of ancestral ontogenies, the term “primary and secondary” in the given example are applying only to illustrate that general principle. Therefore, that yet unnoticed for Haeckel, and rather exotic modus of phylogeny for Hennig, paedomorphosis is a widespread and in reality the central and one of the most important evidence of the indivisible linkage between ontogeny and phylogeny. And hence paedomorphosis is among also most striking and most “self-evident” strongest evidence of the evolution.

However, currently just at a terminological level, there is incorrect usage around the term “paedomorphosis,” that needs to be clarified here. Particularly, “neoteny” and “progenesis” are still sometimes used interchangeable and as plain synonyms of paedomorphosis, without reference to original meaning. This generates considerable confusion despites on previous attempts to clarify the definition (e.g., Reilly et al., 1997). Therefore, below terminological clarification is given. The term paedomorphosis was initially suggested (Garstang, 1928) and subsequently revised (McNamara, 1986) to encompass various phenomena of the appearance of larval/juvenile characters of ancestors at the adult stages of descendants and to highlight its role in (macro)evolution. It is needed to be noted here, as it clearly implied by the all ontogeny-centered field, the strict distinction between “micro-” and “macro”-evolution can generate significant exaggeration of putatively “separate macroevolutionary” processes instead of universal ontogeny-based evolutionary process, and this distinction must be therefore avoided. The terms “progenesis” and “neoteny” were instead originally proposed for very restricted cases without phylogenetic context. “Neoteny” was proposed by Kollman (1885, p. 391) specifically to indicate the retardation of development in a few amphibian species including the axolotl. Kollman clearly described “neoteny” as an intraspecific process, without link to evolution. However, the term “neoteny” has been incorrectly applied to describe the evolutionary process, particularly in humans (Gould, 1977), and despite on subsequent clarification (Reilly et al., 1997) still is sometimes being wrongly used in this sense (Skulachev et al., 2017). “Progenesis” was first suggested by Giard (1887, p. 23) in a highly specific sense, in reference to precocious maturation in some decapod crustaceans due to parasitic castration (!).

The term “paedomorphosis” is currently universally accepted as a higher-level term encompassing both “neoteny” and “progenesis” (McNamara, 1986; Smirnov, 1991; Martynov et al., 2020), however, especially “progenesis” is sometimes used separately and as a substitute for the term paedomorphosis (e.g., Yushin and Malakhov, 2014). This is wrong because originally the terms “progenesis” and “neoteny” lacked the key evolutionary component and were highly inconsistent with the initial and modern meanings of the term paedomorphosis. It is especially important to highlight the wrong application of “neoteny” and “progenesis” as synonyms of the entire paedomorphosis central concept, because especially in Russia there is a long tradition of the wrong substitution of the paedomorphosis with “neoteny” (e.g., Karavaev, 1934; Ivanova-Kazas, 1936).

Another crucial consideration is that “progenetic” and “neotenic” patterns are just different sides of the same paedomorphic process. In various organismal groups, often a taxon that demonstrates evident juvenile characters at the adult state is difficult to attribute exactly to “progenetic” or “neotenic” ones due to a strong heterochronic mosaicism of delayed and accelerated growth characters (Godfrey and Sutherland, 1996; Rundell and Leander, 2010; Lecointre et al., 2020). It is therefore is of key importance in assessing of the paedomorphic features not to make the strict differences between patterns and processes, between basic ontogenetic (including paedomorphosis) processes and “morphological results,” otherwise the artificial substitution of “neoteny” over paedomorphosis may appear (Gould, 1977; Smirnov, 1991). Because if both retardation of the development of somatic organs or acceleration of maturation may lead to paedomorphosis (Gould, 1977, p. 8), then in the latter case a retardation of somatic development will be also required, otherwise the resulting morphology will be not paedomorphic. In this respect, it is especially relevant to indicate that the original definitions of “progenesis” and “neoteny” did not refer to the evolutionary heterochronic processes, per se, and did not necessarily link shifting maturation time with somatic differentiations. Therefore, the general term paedomorphosis should be used instead of controversial terms “progenesis” and “neoteny” (Reilly et al., 1997). As an important reservation it should be clearly stated, that although paedomorphosis is a very important mode of the evolution (e.g., Gould, 1977; Korshunova et al., 2018; Lamsdell, 2020; present review), this does not imply that ancestral developmental patterns are easily disappeared in a course of an evolutionary modification. Practical confirmed examples of paedomorphosis in nudibranch molluscs show that before a distinct paedomorphic organization has been formed, e.g., in the nudibranch families Corambidae or Okadaiidae (Korshunova et al., 2020), or in aeolidacean genus Bohuslania (Korshunova et al., 2018) a significant amount of gradual modifications of an ancestral organizations (= ancestral ontogenetic cycles) were occurred.



Paedomorphosis and Progress as Integral Parts of Heterochronies, Whereas “Peramorphosis” Is a Redundant Term

Paedomorphosis is a part of broader ontogenetic processes, heterochronies (different timing of character appearance in ontogeny) (e.g., Lamsdell, 2020; Lecointre et al., 2020). While paedomorphosis can be clearly defined in terms of correspondence of the juvenile characters of ancestors to the adult features of descendants, an “opposite term” peramorphosis has been proposed (review in McNamara, 1986) with the main meaning of “development beyond ancestral organization.” Such definition may generate confusion since basically it does not differ from evolution of novelties, i.e., progressive development (or just progress) in a broader sense (see also discussion in Martynov, 2012a). In this respect the term “peramorphosis” appears as redundant and confusing and we recommend avoiding it, and use instead “progress,” “progressive.” However, any real organism, even which represent strong paedomorphic characters is a mixture of paedomorphic and progressive traits. A remarkable example of mixture of paedomorphic and progressive features have been assessed for modern humans, which show general paedomorphic delay of many features of body similar to the juveniles of apes, but in contrast demonstrate a highly progressive development of brain (e.g., Godfrey and Sutherland, 1996). Further notable example of such intricate mixture of the paedomorphic and progressive traits is the dorid nudibranch family Corambidae, which secondarily returned the phylotypic condition of ventral anal opening and gills (the paedomorphic part of corambid evolution, Figure 2, Corambe obscura), but acquired also a special shedding cuticle unique among molluscs (Martynov, 1994; Martynov and Schrödl, 2011) that can be considered as a progressive side of the evolution of the family Corambidae. We also understand that the usage of the progress instead of “peramorphosis” can be partly misleading too, because progress can be also used in the sense of not a progressive increasing of a complexity, but for example in an ecological sense, like morphological over-simplified nematodes are highly abundant and thus can represent a “progress.” However, taking into consideration all that pro and contra we still consider that “peramorphosis” is an obscure and much later rather unnecessary term, compare to the basic term “progress,” which in relations to the ontogeny we propose to clarify and partly re-defined and refer to solely of an evident material increasing of complexity of organization, which is based on addition of a particular new periods in ontogeny including specific number of new characters/elements, which were lacked in the ancestral ontogeny, and not just some vague ecological considerations. In some respect, the progress is a formation of an obvious, new, well recognized phylotypic periods, which have been absent in preceding ancestral ontogenies.

For example, dorid nudibranchs (order Doridida) represent a well-defined progressive development since during modification of its ontogeny has been firmly fixed the specific of increasing of complexity by appearing of the closed gill cavity which is formed by the folding and complete closing of the posterior mantle lobes (Martynov, 2011a,b, 2012a; Martynov and Korshunova, 2015; Figure 2). Such phylotypic period of ontogeny definitely absent in any other gastropod molluscs including the nudibranchs sensu stricto (order Nudibranchia without dorids, see Martynov and Korshunova, 2011; Korshunova et al., 2020). Additional problem may be posed that any ontogeny is not a straightforward row of mechanistic additions (Haeckel, 1866) or rigid modifications (Severtsov, 1912, 1939), but often “a novelty” is arisen from an alterations of several ancestral features, that not easily to align with either progressive or a regressive, paedomorphic ontogenetic processes. All these complications should be carefully considered while step by step a theory of the organismal form evolution, e.g., true theory of the modifications of the ontogenetic cycles over a time, will be finally completed.




ONTOGENETIC SYSTEMATICS

Because the organismal diversity is generated during alterations of ontogeneses, hence ontogeny must be central to the theory and practice of taxonomy. Therefore, establishing robust hypotheses of phylogenetic lineages critically omits the underlying dynamics of ontogenetic cycles, including broad array of epigenetic and heterochronic processes (Figures 1–5). However, due to the domination of the almost exclusively phylogenetic, lineage-based thinking throughout the second part of the twentieth century, the organism, per se, and hence its underlying ontogenetic cycles have been largely removed from the central consideration of the evolutionary theory. There are a number of previous and recent attempts to highlight or return importance of the organism (e.g., Godfrey-Smith, 1996; Nicholson, 2014; Baedke, 2019), but still a phylogenetic lineage gains a central position within the evolutionary theory, whereas organism just a subsidiary part of an “endless” evolutionary/phylogenetic flow. To prove the latter statement no particular citation is needed, because all the modern biology and “taxonomy” are just completely “phylogenetic,” and some recent doubts in the absolute importance of the “lineage-thinking” (Freudenstein et al., 2017) do not change that still persisted general picture. Therefore, previous attempts to accommodate ontogeny into taxonomy either are exceedingly scarce, and never gained any broad attention (e.g., Orton, 1955) or were fundamentally based on the phylogenetic thinking, in which ontogeny, like the organism is always auxiliary, either explicitly or implicitly compare to the phylogeny, despite on discussions and proposals (e.g., Kluge and Strauss, 1985). Whereas some ontogenetic traits can be indeed indicated just as part of taxonomic descriptions (e.g., Costa et al., 2021) or the application in some “phylogeny-based” studies with inclusion of ontogenetic elements (e.g., Wolfe and Hegna, 2013; Gee, 2020), the “phylogeny-first” still basically implied. As a best confirmation of the absence (despite on putative claims) of any “ontogeny-first” central concept, is that within the apparent inevitable keeper of the “everything ontogenetic” in the biology, the very evolutionary developmental biology, taxonomy has been mentioned rather as an exception (e.g., Minelli, 2007). Furthermore, a publication remarkably entitled “Ontogenetic systematics, molecular developmental genetics, and the angiosperm petal” (Albert et al., 1998), although was an important attempt to link ontogenetic patterns with character evolution, did not offer challenging theoretical (to return ontogeny as a central place within the evolutionary theory) proposal. Another highly symptomatic feature of the modern understanding of the ontogeny, it is the continuous mentioning of Karl Baer among founders of the modern evolutionary biology (e.g., Futuyma and Kirkpatrick, 2017). It must therefore make very clearly, that Baer was a strong antievolutionist and his misleading concept widely cited as one of his “laws” directly implies that an embryo of an organism only similar to an embryo of another organism (taxon), but not to its adult! (von Baer, 1828/1837). It must be therefore explicitly stated, that Baer’s unequivocal prohibition of the linkage between an embryo of one taxon and an adult form of another taxon is not a basis of the modern evolutionary theory, but, on a complete contrary, the evolutionary blind alley. Therefore, perhaps the most counterintuitive that despite on apparent more than two hundred centuries of “ontogenetic studies,” despites on the Haeckel name and potential large number of references regarding “ontogeny and evolution” topic, but there is a strong suppression of ontogeny as a central phenomenon in the evolutionary theory and taxonomy. Thus, this is not researchers from the evo-devo field who on the obviously strictly evolutionary grounds provide strong evidences for the reality of the common ontogenetic phylotypic periods between very different taxa (e.g., Levin et al., 2016) have applied a “non-scientific idealistic theory of the body plans,” but exactly the entire biological field still lauds the antievolutionist Karl Baer as a founder of the “modern developmental biology.”

Therefore, there is nothing stretch that taxonomy has remained essentially ontogeny-free (Martynov, 2012a; Stöhr and Martynov, 2016), and the few twentieth-century publications failed to evoke the deserved paradigm shift in understanding of the key importance of ontogeny for the classification of the world biological diversity. The term ontogenetic systematics was independently proposed and unambiguously applied to the field of taxonomy (Martynov, 2009; see also Martynov et al., 2020) not as an attempt just to add some theoretical consideration, but exactly as return of the centrality of the ontogeny in the evolutionary studies. Colleagues may clearly feel that obvious shortage of the “ontogeny in phylogeny” (e.g., Minelli, 2015a; Faria et al., 2020), and these attempts are obviously in support of our present approach, and we are very thankful for that. However, still commonly any consideration of ontogeny in a broadly taxonomic/biodiversity field involves a rather basic phylogenetic approach with some addition of “evo-devo” (e.g., Minelli, 2009; Wanninger, 2015), instead of started the real theory of evolutionary processes and modifications (i.e., the evolution), with real underlying process, i.e., the ontogeny. Notably, Kupiec (2009) just radically avoided the Haeckel’s dichotomy of “ontogeny and phylogeny” by introducing of the “ontophylogenesis,” and this concept greatly corroborates the long-term previous achievements of the ontogeny/evolution field (Severtsov, 1912; Garstang, 1922). Unfortunately, since that no real shift in the paradigm of the modern profound misunderstanding of the fundamental role of the ontogeny, and the “tree of life” instead of an “ontogeny of life” remains fashionable in the recent publications (Schierwater and DeSalle, 2021). Kupiec (2009) in the introduction also mentioned that yet several decades ago, he was rather a dissident to the contemporary biology, but currently his contribution in the field of the stochastic understanding of the ontogeny is recognized (e.g., Viñuelas et al., 2012). Remarkably, two of the completely independent reviewers of the present paper asked us why we do not referred in the initial version of our manuscript to the Kupiec’s book! Such coincidence in asking to cite that once almost neglected approach from one side makes us hope that ontogenetic understanding of the phylogeny will finally overcome that unfortunately persisted dichotomy of the “ontogeny and phylogeny,” but from the other hand, the undisrupted integrity of ontogeny and phylogeny was absolutely clear for us yet started our initial works on the ontogenetic systematics (Martynov, 2009, 2011a,b, 2012a,b), when this approach has been developed completely independently from the very supportive for our conception Kupiec’s conceptualizations. However, this did not result in a real paradigm shift, the tree-thinking not only prevails, but colleagues from the phylogeny field continue to allege even the most notable contribution from the evo-devo field, the phylotypic-based approach (e.g., Levin et al., 2016) in an adherence with a “pre-evolutionary body plan thinking.” As a further very important reservation, in Kupiec (2009), neither taxonomy nor phylogenetics itself does not mention, therefore, even in a most rigorous way, the attempt to merge “phylogeny and ontogeny” does not directly relevant for the present approach. Although the discussion on the stochastic understanding of the ontogeny vs. strict “genetic programming” largely beyond of the limits of the present paper, but ontogenesis, despite on the undisputable at least partly stochastic grounds able to keep very complex and essentially similar ancestral morphological traits over a number of generations.

Facing such obvious not just bias toward the phylogeny-centered modern research, but like an indisputable and unequivocal central modern dogma, that only a phylogeny can resolve relationship within organisms, irrelevantly either colleagues are strict phylogeneticists or a morphology-/“evo-devo”-advocates (e.g., Lee and Palci, 2015; Wanninger, 2015; Hejnol and Dunn, 2016). It would be not a surprise, when such approach also attempted to be omitted nowadays, or it is considered as just something secondarily, insignificant, as some “research program” among many others (Pavlinov, 2020). This is instead of promoting help to return the ontogeny as central component of evolutionary theory, and therefore as central component of any biodiversity studies (since all that enormous biodiversity that we observed currently, have originated as evolutionary modifications of ontogenetic cycles) is partly contributing to its further postponing. Thus, one more time, “morpho-evo-devo” and even “evo-devo” at a general scale did no help the ontogenetic-taxonomic and morphology field to stop to be a “secondarily” and scarcely promoted discipline compared to the phylogenetics. First of all this happen because at the main theoretical level there is still no clear understanding that ontogeny (interacting with other ontogenies and environment) is real primary process in evolution, whereas phylogeny is instead is a secondary result. To make this absolutely clear and to make the synthesis between ontogeny and phylogeny broadly understood and irreversible one is a task for the near future development of the ontogenetic systematics.

For Haeckel (1866) importance of ontogeny for the systematics was evident (“systematics’ explained ……ontogeny is only a short and concise repetition…of phylogeny”), however through the following “century of acceptance of the evolution” resulting in the Hennig (1966) phylogenetic systematics (Rieppel, 2016), ontogeny largely vanished from the taxonomy. And, again, most paradoxically Haeckel takes a significant responsibility for that, because instead of initial proposing something like “evolving ontogenies” or “ontogenetic evolution” he instead strictly contrasted “ontogeny” and “phylogeny” at the terminological level. And his successors instead of carefully reversing “evolution” to its original meaning “ontogeny” (Bowler, 1975), and by this strongly highlight the natural unity of the “ontogeny and phylogeny,” instead made strongest accent on “phylogeny” (Hennig, 1966) and by this, the enormous confusion in such a most important biological field is persisted and the problem is growing. This is therefore, one more time to conclude, that it is always possible to find some references in the history of the biological studies that already somehow state the importance of ontogeny in taxonomy (Danser, 1950), which in reality based on that very ancient consideration that living organisms indeed represent a quasicyclical development, and this obvious fact have been indicated both antievolutionists (e.g., Agassiz and Gould, 1857) and apparently strict phylogeneticists (Hennig, 1966). However, this does not help when the “lineage-thinking” obviously engulfed the ontogeny, and the organism, per se. It was remarkably echoed when Lyubischev concluded yet in 1960 (published only in 1982) briefly discussing exactly the Haeckel’s heritage, that toward later works of Haeckel compared to his opus magnum of 1866 year “historical morphology devoured constructional [structural] one” (Lyubischev, 1982, p. 202, our italics). This should not be interpreted as revival of any idealistic shadow, but this is a great metaphor that exaggeration of the solely phylogeny in the reality hardly divisible pair “ontogeny and phylogeny” in course of the last 150 years of the biology development has led to the fundamental negation that ontogeny (and their respective structural patterns, including phylotypic periods) is a basis of any evolutionary processes, whereas phylogeny it is just result of ontogenetic modifications over a time period. Therefore, truly insignificant if there were some attempts “between Haeckel and Hennig” or not, to remind about existence of ontogeny, when it was almost completely shadowed by the “phylogenetic thinking” and with the rise of the molecular phylogenetics, this ontogenetic neglecting was reinforced enormously. This is now time to clearly formulate that profound neglecting and practical steps how to fundamentally improve the current situation. The key implications therefore that this is not “a phylogeny” itself constitutes material basis for evolutionary modifications, but ontogeny. Thus, by removal of the ontogeny as primary evolutionary process and by refusing of the crucial importance of phylotytpic periods for the reconstruction of the ancestral organization we in reality remove phylogenetics (and even more, the entire evolutionary field!) from scientific disciplines.

Therefore, facing such fundamental neglecting of the primacy of the ontogeny, the additional citations of five, ten or more sources will not change that obvious fact: despite on the all achievements of the evo-devo, and despite this year we are celebrating 100th anniversary of the seminal Garstang (1922) publication, ontogeny is still not a central process of understanding of evolution. This is a very easy to prove. Because even the researchers from the evo-devo field, which obviously must be strict advocates of the centrality of ontogeny (and morphology since this is a central part of any ontogeny), however, on a complete contrary argued that “to understand how phenotypic diversity evolved” we need in a phylogeny! Compare Wanninger (2015, p. 12, our italics) “in other words, once all organisms have been sequenced and once we have agreed on the “true” phylogenetic tree, we will still need morphology to understand how phenotypic diversity evolved” and Neumann et al. (2021, p. 1) “The assumption that genomic data will automatically “swamp out” morphological data is not always true for the sister of all metazoan question.” In another words, the question that constitutes a major basis of the understanding the ancestral patterns in the animal and organismal evolution is not necessarily can be correctly addressed exactly by the molecular phylogenetics.

This is a best “litmus probe” (if to rephrase a well-recognized Russian idiom) that while evolutionary developmental biology is claimed to be a separate, just relatively recently emerged discipline (Gilbert et al., 1996), in reality it is just a subsidiary discipline of a (molecular) phylogenetic study. Especially indicative that in the same paper Wanninger (2015, p. 12, citing also Scholtz, 2010, our italics) definitely said that: “…morphologists should further and proactively embrace the evolutionary disciplines that are currently dominated by molecular approaches, especially phylogenetics and EvoDevo, and integrate these into their own research programs, in order to avoid becoming a mere add-on to these and degenerate to a “shrinking or even vanishing field” (!). However, this in reality appears as more an “advertising slogan” than a true program to challenge the “shrinking or even vanishing field” because despite that other colleagues, which since at least 2009 explicitly warned on the true ongoing catastrophe exactly with the evaluation of the importance of the morphology and ontogeny facing of the molecular phylogenetic dominance, have not been cited or acknowledged. Therefore, if ontogeny with all their internal complexity is truly underlying basis of any evolutionary processes (and hence, phylogeny), including the epigenetics which clearly breaks straightforward purely genetic inheritance (the main initial basis for “evo-devo,” e.g., Raff and Kaufman, 1983; Ivanova-Kazas, 1995), then ontogenetic field is of its own importance and developmental evidences must be at least of equal weight with the molecular phylogenetic, and not just by definition as a secondary one. This is one of the most important implications of the present work, since there are number of examples, when obvious developmental data were uncritically and uncarefully discarded in favor of molecular phylogenetic data.

Nobody would of course refuse strong necessity of a “time-scale phylogeny” (e.g., Lee and Palci, 2015). However, the main problem that currently the all “final evidences” still expected and referred to a “molecular phylogenetic study,” a notoriously known cliché of a necessity of a “robust phylogeny.” In this respect, the robustness of the even most expensive and most complicated phylogenomic analyses has been repeatedly contested in that very notable “molecular phylogenetic controversy” of the “porifera-first vs. ctenophora-first.” This is very relevant and one of the most notable example when overhyped contemporary molecular phylogenetics, strongly put forward the “ctenophora-first” story, when evident morphological and developmental data (in another words, ontogenetic in its real sense) of the fundamental similarity of sponges to the choanoflagellate colonial protists have been disregarded, just because a molecular phylogenetic analysis has been published in a high-impacted journal (Moroz et al., 2014) putatively disproved the well-established ontogenetic (in the broad, but real sense) data (e.g., Martynov, 2012b; Nielsen, 2012; Adamska, 2016). And despite that a number of subsequent analysis recovered serious errors in the molecular phylogenetic assessments of the “ctenophora-first” (e.g., Pisani et al., 2015; Simion et al., 2017), the gravity of putative “authority” of the molecular phylogenetic analysis still forced researches to claim and search for a non-existed ambiguity of the “sponges-first” (Li et al., 2021). In spite of the significant amount of the recent data which strongly conclude that the analyses which showed the “ctenophora-first” have been affected by the critical errors (e.g., Juravel et al., 2021; Nejad Kourki, 2021; Redmond and Mclysaght, 2021). However, while still continuing allegation of the evolutionary morphology and ontogeny-based data for an arbitrary approach, we then must placed a similar “disclaimer” to any molecular phylogenetic study, especially dangerous when they presented a putatively challenging “truth” in journals with a high impact. In order the researches from other fields should not be used a molecular phylogeny as an “unequivocal truth,” as it was already regularly happen to make a crucial claim using data of subsequently contested molecular data (e.g., Brown et al., 2008; Dunn et al., 2015).

By this statement we need to specially emphasize that we by no means deny importance of the molecular phylogenetic data, and we themselves are profoundly use it (e.g., Korshunova et al., 2017a,b. Korshunova et al., 2018, 2020, 2021; Martynov et al., 2020). However, it is very important to remove ontogeny from the strong tenets and label of an “outdated” science, and to put at least as equally important to the molecular phylogenetic inference. Symptomatically, although surprisingly, the necessity of the revival of morphological data (which is inevitable part of any ontogeny) has been recently emerged not from the “non-fashionable and arbitrary” evolutionary morphology, but from the very rigorous statistical-based phylogenetics, but with a strong implications, that molecular phylogenetic does not necessary may answer “difficult phylogenetic questions” (Neumann et al., 2021). While this is just a lesser critics to the molecular phylogenetic field, however the fundamental deficiency of the strictly molecular phylogenetic approach is that it unable to reconstruct the ancestral organization, and only considers “sister relationship” that as, practice clearly shown can be very misleading (compare Moroz et al., 2014 vs. Redmond and Mclysaght, 2021, or Cameron et al., 2000 vs. Tassia et al., 2016). Thus, despite on any past and recent claims on importance of ontogeny and “evo-devo” (Haeckel, 1866; Garstang, 1922; Gould, 1977; Minelli, 2009; Wanninger, 2015), the morphology, ontogeny and “evo-devo” field remained to be just a “supplementary” to the molecular phylogenetics.

Therefore, ontogenetic systematics is not just an auxiliary to the “phylogenetic and development” field, but highlights phylotypic periods as a real, and not just “hypothetically inferred” proxy for an ancestral organization. The ontogenetic systematics is therefore a real synthetic discipline that consider all possible evidence, including molecular phylogenetic data, but in a consequential, consistent ontogenetic framework. As another crucial implication that because obviously ontogeny bears a lot of truly evolutionary information about ancestral organization, the reliable framework how to turn ontogenetic field into truly evident discipline, much more theoretical and practical efforts need to be done. The current concept of the ontogenetic systematics is one more step towards to the development of such “ontogeny-evident” theory of the modifications of the organisms (= ontogenetic cycles) in course of the time. Nobody will claim that this will be easy and straightforward. However, without the urgent necessity to form the ontogeny-centered, consistent taxonomic field, any next steps to develop detailed practical applications of the ontogenetic systematics will be impossible.

Thus, the history of the term ontogenetic systematics is itself remarkable since, being actually introduced two times independently in different senses from two different fields: molecular and taxonomic, but both definitions are clearly indicated the obvious necessity of further and real synthesis of the immense modern data on the ontogeny (both at molecular and morphological levels) with astonishing taxonomic diversity of the organisms. Whilst the significance of ontogeny is well understood in the evolutionary developmental biology per se, it is still not applied to the major biological fields of taxonomy and phylogenetics. And there is not any stretch in the conclusion, that a search of publications in the Web of Science (Martynov et al., 2015; Stöhr and Martynov, 2016) confirmed the absence of general ontogenetic principles in modern taxonomy. It is possible to list some works where metamorphic stages are used for taxonomic diagnostic, but the fundamental understanding that not a still strictly pre-evolutionary typological taxonomic diagnosis or some “phylogeny” are primary for the taxonomy, but instead universal for any organisms ontogenetic process (with different complexity) is fundamental to the systematics. Therefore, the main field of biodiversity studies is really still devoid of consideration of ontogeny as the central biological process, that fundamentally encompasses all other biological processes. In that sense, ontogenetic systematics is not merely one of many “research programs” in taxonomy, but a fundamental, core discipline that encompasses “static” taxonomic assessments of biodiversity and dynamic evolutionary aspects. By this, ontogenetic systematics cannot be alleged in any way as a “typological discipline” (Pavlinov, 2020). Our earlier analyses (Martynov, 1994, 2009, 2011a,b, 2012a,b) clearly pointed to the problems of taxonomy if ontogenetic basis would be removed, and this is especially justified because of subsequent recent appearance of proposals in a fundamentally similar direction, i.e., to integrate evolutionary developmental biology, phylogenetics and to point to a shortage of the morphological and ontogenetic studies in the molecular era (e.g., Richter and Wirkner, 2014; Wanninger, 2015; Faria et al., 2020).

The failure to incorporate ontogenetic data into systematic biology inevitably limits the precision of taxonomic representations of natural patterns. The premise that the same genes determine an organism’s identity at the egg and adult stage of an individual, thereby obviating the need to include ontogenetic data in phylogenetic studies (Mayr, 1963), strongly ignores epigenetic and other processes beyond strict inherent genetic control (e.g. Müller, 2017). Therefore, molecular analysis cannot substitute the ontogenetic approach. Yet few decades ago, when “phylogenetic thinking” reached its peak, such a statement would be controversial. However, the currently accumulated developmental evidence instead strongly favor a shift to a further change of the paradigm (Martynov, 2009) and place ontogeny not as “just a possible research program” but as a core of taxonomy: “We argue that evolutionary biologists should return from a purely gene-centric view of evolution and place more focus on analyzing and defining conserved developmental processes and periods” (Ferretti et al., 2020: 1). This is because there is no “biological reality” beyond ontogeneses and all living organisms, even prokaryotes have a complex underlying system of patterns and processes. Ontogenetic systematics instead of drifting toward some “formal-logical” biology-free theories is therefore a most natural integrator of traditional evolutionary-free taxonomy, ontogeny-free phylogenetics and evolutionary developmental biology. Ontogenetic systematics is based not only on formalized molecular genealogies of taxa, but on analysis and description of the major structural modifications and transformations of organisms, particularly in analysis of degree of shared ontogenetic conservativeness (as expressed in phylotypic periods, see e.g., Richardson, 1995; Arthur, 2002; Martynov and Korshunova, 2015; present work) among taxa which are disparate at adult stages, with a careful integration of the molecular data (Korshunova and Martynov, 2020; Korshunova et al., 2020; Martynov et al., 2020), instead of giving an absolute priority to the molecular phylogenetic data. By this ontogenetic systematics is perfectly verifiable science. The major structural modifications of every taxonomic groups are manifested in the phylotypic periods at different taxonomic levels (very importantly: not only at the phylum level, see e.g., Martynov and Korshunova, 2015), and this, compared to misleading comments from the strict phylogeny-based field, not a return to “pre-evolutionary” thinking or “circular arguing,” but instead most natural recognition of the really existed, common between taxonomically disparate organisms ontogenetic periods, as a major basis for the reconstruction of ancestral organization(s). This is an essence of the ontogenetic systematics. That could be least “idealistic” and instead directly evolutionary discipline!

The ontogenetic challenge for taxonomy is a practical call to make systematics of the world biodiversity as science to be really based on the underlying patterns and processes of majority of organisms (i.e., ontogeny). Below are given several examples from different phyla of the ontogenetic systematics approach implying ontogenetic-and-evolutionary linkage of the adult and juvenile features among both closely related and disparate taxa in frames of the modifications of the ontogenetic cycles, carefully aligned (whenever this possible) with molecular phylogenies, but this is an outstanding goal of the ontogenetic systematics for the vast majority of the living organisms. Although previously we outlined several principles in ontogenetic systematics (e.g., Martynov, 2009, 2011a,b, 2012a; Stöhr and Martynov, 2016; Korshunova et al., 2017a,b, 2018, 2021; Martynov et al., 2020), and while more detailed practical principles will be outlined elsewhere, the refined basic principles of the ontogenetic systematics still need to be more rigorously presented here:


1.Ontogeny is the central underlying process of the evolution.

2.Phylogeny is a secondary result of the (evolutionary) modification of ontogeny.

3.Ontogeny and phylogeny must not be strictly separated as they are closely interlinked through epigenetic inheritance and other developmental processes.

4.Biological organisms are not just subsidiary part of an endless evolutionary/phylogenetic flow, but separate entities, which represent most complex ever appeared natural objects, encompassed trillions of interlinked elements, which underlie the basic energy- and external-resources depended organism functioning, such as growth, defense, feeding and reproduction.

5.Organisms do not exist only as a separate either embryonal, or juvenile, or adult stages, but exist only as ontogenetic cycles of various degree of complexity, from very simple in viruses, bacteria and archaea, and most complex in the bilaterian animals.

6.The term ontogeny therefore implies not a developmental stage, but equal to an ontogenetic cycle of any organism. This must be understand very clearly and do not restrict ontogeny only to the “embryonal-juvenile” period which is still commonly used in the current literature.

7.Taxonomy is the multi-level understanding of the biological diversity of the organisms, those emergence result of the evolutionary modifications of ontogeny.

8.Without centrality of the ontogenetic principles it is impossible to correctly classify the organisms (and hence taxonomy is impossible without ontogeny).

9.Taxonomy therefore is not a pure typological or a “service-based” discipline that just technically assign some names to organismal groups to define the enormous diversity and allow study (provides the service—names) to other “proper” scientific fields such as any molecular investigations, but is a central biological discipline that encompass all organismal-related process at all levels.

10.Since any organisms are existed in frames of only a specific ontogenetic process (ontogenetic cycle), therefore ontogeny (by definition) is a real natural object that must be basic and central for any evolutionary and phylogenetic studies.

11.Molecular phylogenetics must not be considered as solely central evidence for the relationships of the organisms (ontogenetic cycles), as it currently widely claimed because modifications of ontogeny are not restricted only to the genetic inheritance, but as shown by numerous studies, also significantly influenced by epigenetic processes.

12.Phylotypic periods are not “flawed heritage” of the pre-evolutionary “idealistic body plan” concepts, but a key object of ontogenetic systematics, the naturally existed inter-taxon nodes that linked at the earlier ontogenetic periods taxa with very different adult morphologies. Beyond classical examples of the vertebrates taxonomy, here we present evidence of the universal occurrence of the phylotypic periods across such both morphologically and phylogenetically very disparate animal phyla as molluscs (nudibranchs) and echinoderms (ophiuroids) (Figures 2–4).

13.Therefore, we cannot just restrict the main target of the all biology—inference of unequivocal order of emergence and modifications (evolution) of consequential ancestral organizations (ancestral ontogenetic cycles) either to the plain “taxonomy/systematics,” which have an exceeding number of negative connotations and still basically non-evolutionary, real typological discipline, or morphological and molecular phylogenetics. The latter has been claimed to be a strictly evolutionary field, but in reality critically removed ontogeny as the central biological process. Instead, a separate term is in a strong need. Such term is proposed as ontogenetic systematics since it is a most general way encompassed both the apparently “static” taxonomic assessments and the developmental (evolutionary aspect), and hence both putatively strictly “individual” and “historical “development” will be conjoined under universal ontogeny-based term.




Practical Examples of Applications of Ontogenetic Systematics

These examples are not just target “to illustrate” using few selected cases, but first of all aim to provide robust evidence that such only putatively well-known central ontogenetic phenomena as phylotypic periods and paedomorphosis by no way restricted merely to the well-recognized vertebrate taxonomic groups, but they also universally occurs in such very different animal phyla as molluscs and echinoderms, and inevitably, similar ontogenetic patterns present in absolute majority of the organisms. The reality and most important predictive power of the universally existed phylotypic periods can be proved by the practices. If for example we will find a new species of a vertebrate mammal, bird, and reptilians, or dorid nudibranch molluscs, or ophiuroid echinoderms, for which earlier ontogenetic patterns are yet completely unknown, we can with a high confidence predict that the basic organization of their respective phylotypic periods will be essentially similar (despite on some inevitable differences). The predictive power is a central attribute of any scientific study, and therefore the ontogenetic systematics reinforced by the concept of the phylotypic periods represents true scientific discipline with its own set of theories, concepts and practical applications. Some of them are briefly explained below.


Nudibranch Molluscs


Dorid Nudibranchs

Cryptobranch and phanerobranch dorids that are morphologically and taxonomically disparate in the adult stage are essentially similar in the early juvenile stages (Martynov and Korshunova, 2015; Zaitseva et al., 2015; Korshunova et al., 2020; Figure 2). The following developmental processes are the same in both cryptobranchs and phanerobranchs: (1) the strictly separated rhinophores form later in development; (2) the ventral anus forms before its dorsal translocation and (3) the gills start to develop significantly later, after juveniles reach more than 1 mm in length. This conserved development conforms to the evolutionary phenomenon of phylotypic periods, i.e., similarity of early developmental patterns across large taxonomic groups with considerably different adult morphology (e.g., presence of the ancestral pharyngeal arches in early ontogeny of all vertebrates, even if they no longer have gills in the adult state). This intersection of development and evolution is well established at the morphological level (Richards, 2009) and has been confirmed using transcriptomic analysis (Irie and Kuratani, 2011). There are several partly or considerably paedomorphic lineages arisen independently among dorids, notably Corambidae (Martynov, 1994; Martynov et al., 2011), but also Okadaiidae and other groups (Korshunova et al., 2020). This is also important to highlight, that not merely ontogenies, but ontogeny-based integration of the molecular phylogenetic data (Korshunova et al., 2020; this study) directly contributes to the evolutionary models and based on it classification of the gastropod nudibranch molluscs. The predictive power of the present dorid ontogenetic model, that recognized phylotypic stages essentially similar with the adult disparate Cadlina and Palio (Martynov and Korshunova, 2015; present study, Figure 2) has been detected by an independent study (Moles et al., 2017) in a very different dorid taxonomic group. As important practical example, from the ontogenetic field must be removed the previously widely promoted, and still sometimes applied in Russia, these Severtsov (1912, 1939) inflexible schemes that all ontogenetic modifications fall to the Procrustean bed of the only three major changes: “anaboly, deviation and archalaksis”. Despite previously we partially praised Severtsov as a conceptual predecessor of Garstang (1922) work (Martynov, 2011a). The real ontogenetic patterns strongly contradict to that theoretical scheme. For example, even highly modified direct developers such as dorid nudibranch Cadlina still preserve major features of the dorid ontogeny representing by the phylotypic periods (Martynov and Korshunova, 2015; Korshunova et al., 2020; Figure 2). Another major misunderstanding, when in an extreme case of strongly modified direct development is difficult to recognize major features of ancestral dorid organization at early ontogenetic stages in the dorid families Bathydorididae (Moles et al., 2017), or Okadaiidae (Martynov and Korshunova, 2011) it is result of long series of reductions proved also by the molecular data (Korshunova et al., 2020), and not only a putative solely drastic “earlier development changes.” In addition, earlier stages of ontogeny was not yet studied and still may contain although reduced but still remnants of the dorid phylotypic periods. By this we also would like to one more time warn, that despite that paedomorphosis (as a very substantial reversal, although only partial to an ancestral organization, via partial “adultization” of phylotypic periods) is a highly important evolutionary concept, it must be applied very carefully, without typical consideration, when a complex ancestral organization is disappeared “to nowhere,” as it is sometimes has been proposed recently (e.g., Nielsen, 2008).



Aeolid Nudibranchs

During the ontogeny of all aeolidacean nudibranchs, a few juvenile ceratal rows (1–2 anterior rows in earlier postlarval stages, about 3–4 anterior rows in more advanced juveniles) precede the adult state with numerous ceratal rows (commonly more than ten in total, more than four in anterior rows) (Figure 3). Therefore, the presence of a smaller number of ceratal rows in the adult stage is a sign of at least partial paedomorphosis, and not just an overall reduction/loss, especially if small-sized taxa with a smaller number of anterior ceratal rows are sister to large-sized taxa with numerous cerata. The recent confirmation of the evidently paedomorphic adult characters of the family Pseudovermidae using both morphological and molecular data (see details in Flammensbeck et al., 2019; Martynov et al., 2020) is exactly in line with the core approach of the ontogenetic systematics outlined above. As a direct practical application of the principles of ontogenetic systematics in the aeolidacean group, morphological and molecular data indicate that brackish water speciation was triggered by paedomorphic evolution among aeolidacean nudibranchs at least two times independently, i.e., in the Cuthonidae for the genus Bohuslania and in the Trinchesiidae for the genus Tenellia (see Korshunova et al., 2018). If to apply instead a strictly molecular phylogenetic approach, without ontogenetic data, the flawed concepts of overlumped “Tenellia” and “Flabellina” will appear (see review in Korshunova et al., 2017a,b).




Ophiuroid Echinoderms

To date, various data have been accumulated on postlarval development for the majority of ophiuroid families (see details in Martynov et al., 2015; Figures 4, 5). The ophiuroid postlarvae have a conserved morphology as follows: 1. The major part of the dorsal disk is occupied by the primary plate rosette comprised of a single central primary plate and usually five radial primary plates; 2. The radial shields and genital plates have yet to appear or are underdeveloped; 3. Each half-jaw is narrow, elongate and bears ventrally a few rudimentary oral papillae, commonly bar-shaped; 4. The dental plate is small, convex and bears a few tooth sockets of unspecific shape; 5. Each adoral shield bears a papilla (spine) of various length and shape; 6. Arm segments are limited in number and considerably elongated proximally; 7. Vertebrae are comprised of two separate, loosely connected elongated parts; 8. The vertebral articulation is generally underdeveloped without a distally well-defined condyle.

Highly relevant for the above outlined evidence of the almost direct linkage between only putatively disrupted ontogenetic phylotypic periods and phylogenetic (evolutionary) patterns, both juvenile of non-paedomorphic ophiuroid taxa and adult specimens of ophiuroid paedomorphic taxa (see Martynov, 2012a; Martynov et al., 2015) have very short concave dental plate with a single tooth, and considerably elongated, only partially fused vertebrae (Figure 5). Therefore, instead to deny of the juvenile—adult ontogenetic (evolutionary) linkage (e.g., Mayr, 1963; Hennig, 1966) there is the remarkable correspondence between the adult shape and placement of primary plates, dental plates and vertebrae of the adult paedomorphic ophiuroids and the homologous structures in early juveniles of related non-paedomorphic taxa (Figures 4–5). This is a very important evidence, not merely for “phylogenetic” or “evolutionary” approaches, but for the approach of ontogenetic systematics.

Furthermore, the manifestation of the paedomorphic processes varies among various ophiuroid taxa from an almost exact correspondence to the early postlarval stages in adult Perlophiura, to the correspondences of the later postlarval stages in paedomorphic Ophiomastus to the complex ancestral ophiuroids (Figure 4). Indeed, any ontogeny is not a plain scheme, and the direct linkage between earlier juvenile ancestral and adult paedomorphic morphologies are certainly not exact because of the influence from various ontogenetic processes, but generally the similarity between ancestral early juvenile and adult paedomorphic characters are striking (Figures 4–5) and the evolutionary linkage through particular periods (stages) of the ontogeny cannot be denied. The independent appearance of paedomorphic taxa within remote ophiuroid families, such as Ophiuridae and Ophiolepididae has been also indicated (Martynov, 2009, 2012a). In some cases, resulting external and internal morphology of adult paedomorphic ophiuroids from remote families is almost indistinguishable. A comprehensive morphological scanning electron study of about 200 species of more than 100 genera of majority of modern ophiuroid families confirmed this. Studying of spine articulations of the lateral arm plates (the shape of which is very conservative at the family level) remains the reliable method to distinguish some taxa of paedomorphic brittle stars (Martynov, 2009, 2010a,b). Recent molecular phylogenomic data on ophiuroids (O’Hara et al., 2017) are generally concordant with the earlier proposed ontogenetic model of ophiuroids (Martynov, 2012a; Figure 4) with several independent paedomorphic lineages.

These practical examples confirm that ontogenetic systematics is a natural integrator of morphological and molecular data. The quest for that is an obvious and significant problem of biodiversity studies, since a few decades ago formal molecular phylogenies started to substitute the real biological organisms, which are essentially represented by the ontogenies. In all these cases from two very different metazoan phyla, representing major traditional bilaterian supraphyletic groupings as protostomiens (Mollusca) and deuterostomiens (Echinodermata), the presence of the conservative ontogenetic periods which are linked at different layers of the both adult and juvenile ancestral organizations via phylotypic periods and paedomoprhosis are confirmed. By this, the main theme of the present contribution, the tight, indivisible linkage between ontogeny as a primary process, and phylogeny as a secondarily result of the evolutionary modifications of the ontogeny is thoroughly confirmed both at the theoretical and practical levels.





CONCLUSION


1.Ontogeny is apparently old and well-established biological term, however there are still significant contradictions and deficiency in its evolutionary and taxonomic applications.

2.Ontogeny and phylogeny are two sides of fundamental biological properties of organisms.

3.Paedomorphosis (and not “neoteny” or “progenesis”) should solely be used as term to describe cases of retention of juvenile features of ancestors at the adult stages of descendants.

4.Phylotypic periods represent real manifestation of some features of the ancestral ontogenetic cycles in the ontogenies of modern descendants and therefore partial recapitulations of the ancestral organization.

5.Recapitulations and biogenetic law are not abandoned concepts but represents actual existing patterns of ontogenies, denoting persistence of phylotypic periods in the ontogenies of the modern taxa.




6.If to remove phylotypic periods which a natural basis for existence of the phyla concepts, as a core concept of‘evo-devo,” then evolutionary developmental biology will be turned to an auxiliary discipline of the molecular phylogenetics.

7.The evolutionary linkage between juvenile ancestral characters and adult features of descendants (paedomorphosis) is a widespread phenomenon, as evidently showed here using examples from molluscs and echinoderms (Figures 1–5).

8.Ontogenetic systematics is not merely a “research program” in taxonomy, and not an auxiliary subdivision of “evo-devo.” Ontogenetic systematics is an interdisciplinary field which encompasses and further promotes achievements of “evo-devo” and epigenetics to link it to the still separated fields of phylogenetics and taxonomy. Among the main goals of the ontogenetic systematics is to achieve more precise knowledge on the patterns and processes (both universal/conservative and unique ones) in the worldwide biodiversity, that currently is endangered due to ongoing climatic and other challenges.

9.The central paradigm of the ontogenetic systematics and “ontogeny and evolution field,” applying Haeckel’s initial formulation, Garstang’s reformulation, and synthesizing it with the material fact of the universal existence of the phylotypic periods across disparate organisms’ groups, can be now formulated at a new conceptual level as following: ontogeny partially keeps (past) ancestral ontogenies (importantly, at adult and larval phases) and produces (future) ontogenies, and both these patterns in total form the phylogenetic (evolutionary) process—which is nothing but modifications of the interacting ontogenies in course of time.
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