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ABSTRACT

Dinosauria represents an effective group of Mesozoic terrestrial vertebrates which experienced the
exceptional evolutionary processes to establish a diverse, widespread faunal lineage across nearly 160
million years of the Earth's geologic history. Early evolution of non-avian dinosaurs has been continuously
focused by recent paleontological research, showing a complex and even sometimes confusing type of
biological developments. This study presents a brief report on early evolution of non-avian dinosaurs at the
pre-Jurassic geologic episode. The methodology process was performed by comparative analyses on the
current publications to provide a descriptive summery of organized data. Fundamentally, it is demonstrated
that the main concepts of early dinosaur developmental history have focused on major biological and
environmental constraints which forced the group to a complex route of evolution and biodiversification. As
the keystones of relevant paleontological approaches, stratigraphic analyses and continuous biological
investigations are crucial items in order to access the supportive information on pre-Jurassic non-avian
dinosaurs.
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1. INTRODUCTION

Evolutionary history of non-avian dinosaurs has been a constant point of paleontological research since
the first scientific discoveries were made [1] and [2]. This ancient subgroup of archosaurian reptiles
occupied nearly every corner of the Mesozoic world for approximately 60 million years of Earth's history
until the End-Cretaceous mass extinction event [3]. Early evolution of non-avian dinosaurs is a common, but
poorly understood subject in vertebrate paleontology, reflecting the fact that there are still many unanswered
questions about dinosaur evolution from deep time of Mesozoic era. Importantly, it is suggested that
primitive dinosaurs began to thrive around the earliest Late Triassic interval when there was only one
gigantic continental landmass on the entire Earth's surface [4]. In fact, current research from nearly all
around the world has already allowed us to envisage well-supported evolutionary hypotheses and efficient
biological models for early dinosaur history at the Triassic period [5] to [7]. Additionally, as the abundant
fossil records have already made by many workers during the recent decades of paleontological exploration,
more evidences on the origin and early evolution of Triassic dinosaurs helped to establish well-documented
aspects in historical biology. However, this chapter of Mesozoic paleobiology still remained as a complex
and debatable topic which may reveal some paradox estimations or unexpected relationships between the
extinct and modern taxa, deep in the Triassic macroevolution [8]. Hence, it is important to apply for both
fossil analysis and biological modeling in order to investigate the main prospects of pre-Jurassic non-avian
dinosaur origins and macroevolution. In addition, the relevant natural scientific approaches of other fields of
study play a key role in efficient documentation, including geochemistry, geophysics, and
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paleoclimatological investigations which are used to perform more comprehensive studies in developmental
biology of these early-diverging dinosaurs. In this way, more reliable evolutionary explorations can be
performed to approach the potential models of the subject.

1.1 Aims

This study's aim is to provide a summarized report on the early evolution of non-avian dinosaurs during
the pre-Jurassic geological episode based on the current research to reveal the potential paleobiological
models for early dinosaur developmental history.

2. METHOD

This study was performed by systematically searching the main scientific databases such as Google
Scholar, Scopus and national libraries to access the current literature published in this field of dinosaur
paleontology, to ensure the comprehensive and comparative analyses The key terms were searched to find
the related literature, considering the symptom terms to maximize the documented information. The
methodology was continued by collecting original papers, reviews, and also the scientific books in the field of
early dinosaur paleobiology. Then the saved data were analyzed and classified to cover the main
implications and prospects, before the paper was written at last.

3. RESULT AND DISCUSSION
3.1. Dinosaur originate

At the early Late Triassic (~ 230 Ma), Pangaea basin was intensively influenced by extreme
environmental and climatic fluctuations which made the continent a harsh, unexpected place for all of the
inhabiting terrestrial vertebrates [9]. This vast, hostile landmass was primarily dominated by the diversified
archosaurian reptiles from the scorching deserts of low-paleolatitudinal regions to cooler environments in
higher paleolatitudes of the basin [10] and [ 11]. Particularly, the dinosauriform archosaurs formed an
early diverging subgroup of these Triassic reptilians which were forced by both environmental and faunal
constraints at the very first episode of their evolution [12] and [13]. Given the Late Triassic biostratigriphic
explorations from several localities in South America and Africa, it is suggested that the earliest true
dinosaurian archosaurs primarily emerged in few restricted parts of southern Gondwana basin, being away
from harsh circumstances of Panaean paleotropics [14]. Importantly, a family of these early diverging
dinosaurs known as the herrerasaurians, are recognized from several stratigraphic localities in South
America, Africa, and India, suggesting a southern Gondwanan origin hypothesis (SGOH) for Mesozoic non-
avian dinosaurs around the Carnian age (~235-230 Ma) [15] to [18]. In special, the Ischigualasto
Formation of Argentina represents a potential source for these Triassic herrerasaurs such as Herrerasaurus
ischigualastensis (shown in Figure 1) and Sanjuansaurus gordilloi, while the Santa Maria Formation in
Brazil shows other relevant species such as Staurikosaurus pricei and Gnathovorax cabreirai [19] and [20].
More recently, an additional herrerasaurian taxon has been described from Upper Maleri Formation of
India which has been already named as Maleriraptor kuttyi [18]. Significantly, these continuous discoveries
from the Late Triassic Gondwanan strata have indicated a similar geographic position with other early
diverging dinosaurs (e.g., the basal sauropodomorph Eoraptor luensis) [21]. On the other hand, major
environmental constraints of the Pangaean paleotropical zones during the Carnian-Norian geologic interval,
are considered as another evidence to support the SGOH as a potential concept for early evolution of non-
avian dinosaurs [22]. Nevertheless, a study performed by Health et al., has explained that early dinosaurs
probably emerged in low-paleolatitudinal regions of the vast Gondwana basin, suggesting that SGOH may
need further modifications by continuous research in the future [23]. As the consequent, it is essential to
apply for additional paleobiological and geological approaches to provide more reliable explanations on
early dinosaur origin and biogeography.
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Fig 1. lllustration of Late Triassic Herrerasaurus ischigualastensis

3.2. Biodiversifications

As the dinosaurs began to diversify and become more widespread during the Norian age (~ 220-215 Ma),
their ecological and biogeographical ascendancy started to grow and rapidly influenced the whole
paleoecology of the Pangaean supercontinent [24] and [25]. It is recently suggested that early theropod
dinosaurs possibly occupied a broad range of paleogeographical environments, whereas basal
sauropodomorphs existed in more restricted, moderate habitats of Pangaea basin, during the Norian-
Rhaetian geologic interval [12] and [26]. As an early desert specialist theropod dinosaur, Coelophysis bauri
shows a significant range of evolutionary novelties which were potentially transformed to later theropod taxa
towards the earliest Jurassic episode. Importantly, this early theropod dinosaur and its later Triassic
descendants developed many biological adaptations and innovations which allowed them to cope with new
environmental constraints and to take advantage of the increasing ecological opportunities [17], [27], and
[28]. Specification played an important role in Triassic dinosaur biodiversification and ecological evolution,
allowing the group to develop the essential skills and abilities to compete with the dominant non-dinosaurian
archosaurs as well as to survive the hostile low-paleolatitudinal environments. Honestly, while the theropod
dinosaurs remained fundamentally bipedal towards their further macroevolution, their saurischian cousins,
the sauropodomorphs, shifted to both quadrupedalism and gigantism as they were continuously diversifying
during the Late Triassic epoch [29] and [30]. In addition, as the dinosaur specification and
biodiversification were going ahead, theropods mostly remained on their traditional diet, indicating a
parallel pattern with their potential bipedalism. In the opposite, sauropodomorphs gradually shifted to
herbivorous diet which is highly supported by their developed teeth and even coprolites, confirming the fact
that this lineage of saurischian dinosaurs reveals powerful forces of pre-Jurassic vertebrate evolution across
the ancient supercontinent [21]. On the other hand, the Triassic non-avian dinosaurs were fiercely being
influenced by a high-level competition with large non-dinosaurian archosaurs (Figure 2), included both
herbivorous and predatory taxa that widely dominated the Late Triassic ecosystems [11]. It has been
described that some predatory archosaurian genera (e.g., Postosuchus, Batrachotomus, and Riojasuchus)
potentially preyed on small contemporary dinosaurs, being considered as major faunal threat for these
earlier components of Late Triassic biota. Towards the beginning of Rhaetian age, however, dinosaurs
experienced many physical and biological developments that allowed them to establish an efficient,
successful lineage of Mesozoic terrestrial vertebrates [31]. This fact is even getting more recognized than
before, as the increasing fossil discoveries are providing new paleontological aspects in non-avian dinosaur
evolution and paleobiology.
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Fig 2. lllustration of non-dinosaurian archosaur, Batrachotomus

4. CONCLUSION

This study showed that early evolution of non-avian dinosaurs primarily began with a potential impact of
major biological and environmental limitations, driving them to a special pathway of macroevolution and
ecological ascendancy. Current paleobiological research alongside the continuous fossil records had a
certain role in determinations and biostratigraphic estimations for Triassic dinosaur history. Hence, it is
necessary to apply for both fossil record and paleobiological investigations to approach further views on the
evolution of early dinosaurs.
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