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Estimation of avian body characters and ecology from avian track morphology; application to
theropods and Cretaceous avian
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The main goal of paleontology is to reveal the evolution of life. Fossils are the only
evidence of extinct organisms. They greatly contribute to the studies of evolution.
Animals have diversified morphology and surface pattern of their bodies as they have
spread their habitat regions in the process of evolution. Therefore, their bodies are
related with habitat as well as their physiology and ecology. Size and shape are the-main
elements of animal body structure. Size can constrain shape, and shape can constrain
locomotion. To prove these relationships, it is important to make a research on living
animals. It is because a fossil shows only a part of information for animal’s body, but
living animals can complement information for fossilized animals. Fossilized animals
are often extinct. But if the relative animals are survived, we can research them and
reveal fossilized animals' characters and ecology. This kind of research named
neopaleontology has recently become active accompanied by technological innovations,
and its degree of importance becomes high in paleontology. We carried out a study of
neopaleontology. Ichnological experiments were conducted using modern birds. We also
carried out a computer simulation experiment of theoretical morphometrics.

In the history of vertebrates’ evolution, avian evolved in vertebrate lineages, having
highly developed flight ability. Avian is a survivor of theropods that had flight ability in
the later Jurassic period. Avians have two completely different styles of locomotion,
flight and bipedal walking, and use them properly depending on situation. Their body
bones and muscles are adapted to flight and bipedal walking. Light body weight is a
special feature of avian which is a result of adaptation. Light bodies are profitable for
flight against gravity and for supporting bodyweight with two legs. Avians have a
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unique breezing system with air sac that was completed when they were primitive
theropods. The air sac system is also closely related to lighter bones. Feather is light and
strong material enables to have flight ability without losing locomotion of walking. In
this study, we focus on avian. We measured avian body morphology and structure for
avian taxa covering almost all avian orders, and collected avian track data based on
ichnological experiments using living avians. From the analyses of the modern avian
and track data, relationships between track morphological parameters, body weight,
wing span, wing aspect ratio, and habitat. Applying the relationships, body parameters
and habitats were estimated for extinct avians and theropods.

The relationship between body weight and footprint area of moderm avians was
derived and used to estimate the body weights of non-avian theropods taxa from the
Triassic to Cretaceous and extinct avian taxa from the Cretaceous periods. Geometric
information, such as the area and shape of fossil tracks of extinct avians and non-avian
theropods, was used to estimate body weight and habitat type. The percentage
prediction and standard error of estimates indicated that the body weight estimated from
track area is comparable with body weight estimated from body fossils bones. Therefore,
this approach is useful when the fossilized track record is richer than the fossilized
skeletal record. The data sets for avians and reptiles were combined and used to derive a
body weight—area relationship that may be applicable to a broader range of organisms,
such as plantigrade quadrupeds and digitigrade bipeds. Additionally, scatter plots of the
relationship between habitat type and footprint shape of modemn avians were used to
infer the habitat type of extinct avians. This finding suggests that the pes of animals,
living in areas characterized by fluctuating water levels, and under conditions
facilitating the preservation of footprints, were similar in form to those of extant
semi-aquatic avians

Avian wings designed for flying may be related to tracks made by walking, another
form of locomotion. Modern avian wing area and span and bodyweight data were
collected and analyzed to examine how the wings might be related to tracks. A
discriminant analysis showed that avian wings can be divided into three groups, similar
to tracks, which are divided morphologically into three groups corresponding to habitat
type. Multiple regression analyses revealed that the avian wing loading and aspect ratio
were closely correlated to the parameters of track shape, expressed by a simple equation.
These results may reflect the adaptation of avian locomotion to habitat. The regression
analyses revealed that wing area and span were related to track area. The relationship
provides a method for estimating the wing area and wingspan from the fossil track area.
Using this method, the wingspan and area were estimated from three tracks of extinct
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Cretaceous avian taxa. The estimated values suggest that Archaeornithipus meijidei,
Hwangsanipes choughi and Yacoraitichnus avis had bodies similar to herons (or grus),
large sandpipers (or small sea birds) and medium-sized gulls, respectively. The ecology
of avian flight based on aerodynamics suggests that birds are divided by their wing
aspect ratio into the two groups of “transport aircraft” and “fighter aircraft”. The former
includes sea birds and wading birds. The latter includes song birds, birds of prey and
pheasants.

An ichnological experiment using Ciconia boyciana was carried out to reveal
morphological variability of tracks left on a potter sediment. We obtained a total of 56
tracks, from which their areas, lengths, widths, depths, and volumes were measured. An
average of track areas almost equals to the median. Ciconia boyciana generally left
morphologically uniform tracks, suggesting that it controls digits-substrate interaction
to keep balance. A unique anatomical feature is that Ciconia boyciana does not leave
metatarsal impression, unlike other wading birds, most of which feave it. This feature
will be useful to identify Ciconia boyciana from other trackmakers having similar body
weights and habitats. Track widths have a large range of van'abﬂity up to 40 %, which
would be reflected by how attached muscles on leg and foot of birds. The correlation
analysis of track geomeiry revels that the width and depth of a track have a trade-off
relationship as to keep a same volume. Application of the theoretical morphology
analysis to the track data reveals Ciconia boyciana pressures the outside of its digits
during walking. :

To examine the development of pattern formation from the viewpoint of symmetry,
we applied a two-dimensional discrete Walsh analysis to a one-dimensional cellular
automata model under two types of regular initial conditions. The amount of
symmetropy of cellular automata (CA) models under regular and random initial
conditions corresponds to three Wolfrém’s classes of CAs, identified as Classes II, III,
and IV. Regular initial conditions occur in two groups. One group that makes a broken,
regular pattern formation has four types of symmetry, whereas the other group that
makes a higher hierarchy pattern formation has only two types. Additionally, both final
pattern formations show an increased amount of symmetropy as time passes. Moreover,
the final pattern formations are affected by iterations of base rules of CA models of
chaos dynamical systems. The growth design formations limit possibilities: the ratio of
developing final pattern formations under a regular initial condition decreases in the
order of Classes III, II, and IV. This might be related to the difference in degree in
reference to surrounding conditions. These findings suggest that calculations of
symmetries of the structures of one-dimensional cellular automata models are useful for

revealing rules of pattern generation for animal bodies.
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