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Abstract

In a sample of 60 species that covers a large portion of the group’s temporal, phylogenetic, and
ecological range and includes quantitative information on segmentation and growth increments
between putative consecutive instars, we conducted a tree-based study of postembryonic trilobite
development. The development of trunk segmentation, average per-molt growth rate, and
compliance to a constant per-molt growth rate, for which a novel measure was developed, were
three developmental features that were examined. Growth rates are consistent with other
arthropods' usual ranges and generally follow Dyar's rule. In early juveniles but not in later
stages, randomization experiments reveal a statistically significant phylogenetic signal for
growth. The strongest supported evolutionary model throughout all ontogenetic stages is one in
which growth rates fluctuate independently across species, akin to Brownian motion on a star
phylogeny. However, a model in which growth rates are drawn to a single stationary peak also
receives substantial support. These findings point to the effect of an adaptive zone rather than
unconstrained, Brownian-motion-like evolutionary processes. Our findings imply that trilobite

developmental features were very malleable throughout evolutionary history.
Keywords: Evolutionary trends, fossil arthropods, growth, molt cycle
Introduction

An extinct subphylum of the Arthropoda are the Trilobites (the most diverse phylum on earth
with nearly a million species described). Additionally, all extinct and extant spiders, insects, and
crustaceans are included in the phylum Arthropoda. During the Paleozoic Era, one of the most
significant and varied groups of marine invertebrates was the trilobite. The size of these
creatures, which were only aquatic and could be found in all kinds of marine settings, varied
from less than a centimetre to about a metre. They were formerly among the most successful
animal families, and they were quite prevalent in several fossil sites, particularly during the
Cambrian, Ordovician, and Devonian eras. They continue to amaze us with their variety of body
types (see Fig. 1). Trilobites are well-represented in the fossil record due to their sturdy,

mineralized exoskeleton, which would have been much thicker and stronger (and harder to
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break) than the shell of a modern crab. This exoskeleton is typically calcium carbonate and is
therefore of similar basic mineralogy to a clam shell. In addition, since trilobites are arthropods
and moult as they grow, each one of them may leave behind a huge number of skeletons that can
be preserved as fossils. The majority of the knowledge we have on trilobites comes from the
fragments of their mineralized exoskeleton, and the exterior shell really tells us a lot about the
appearance of the trilobite within the shell. The eyes, in particular, have been preserved as part of
the skeleton, giving us a very good sense of how trilobite eyes appeared and functioned.
Additionally, trilobites have sometimes been found to have soft parts like their legs, guts, and
antennae preserved in addition to their exoskeleton. It's interesting to note that although the
internal anatomy of various trilobite species varied considerably, the outward shell varied quite a
bit. In any case, we will go into great detail in this lab concerning both their outward shells and
interior anatomy. Here, we'll pay attention to more than just the overall characteristics and look
of trilobites. While presenting activities and many examples, we will also pay particular attention
to their implications for our comprehension of evolution and the nature of ecology in the distant
past.
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Fig 1 : A) Asaphus kowalewskii, by Smokeybjb (Own work) [CC-BY-SA-3.0
(http://creativecommons.org/ licenses/by-sa/3.0)], via Wikimedia Commons, B) Dalmanities
limulurus University of Kansas Museum, on exhibit, C) Isotelus iowensis University of Kansas
Museum, Invertebrate Paleontology (KUMIP) 294608, D) Phacops milleri University Of Kansas

Museum, on exhibit.
Trilobite Ontogeny

Although trilobites' embryonic phases are unclear, they seem to have begun to calcify at or soon
after hatching. Trilobites developed via a sequence of instars, similar to other arthropods, with
each instar being separated by an ecdysis (moult), during which the exoskeleton of the preceding
instar was shed. The reconstruction of moult series for specific species is made possible by the
interaction of this developmental habit and the often little morphological changes between

consecutive moults. According to Hughes et al. (2006), all trilobites may have displayed a
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hemianamorphic pattern of development in which successive instars characterized by the
sequential appearance of new trunk segments were followed by an instar sequence whose
number of segments expressed in the dorsal exoskeleton was constant. This phase is known as
the epimorphic phase. According to the appearance and development of individualised segments,
the initial location for the emergence of new segments was subterminal, close to the front of the
final body unit of the trunk. The protaspid, meraspid, and holaspid stages of trilobite ontogeny
were recognised according to criteria supplied by the development of articulations. The protaspid
phase began with the formation of the facial suture, and the meraspid phase began with the
separation of the cephalon and trunk at the neck joint. Once a certain number of segments had
been released, the mature, holaspid phase began. Subsequent articulations then successively
formed towards the back of the leading segment of the meraspid pygidium. The meraspid
pygidium included a complement of segments that was constantly changing as a result of this
pattern of segment release. Today's arthropods seldom, if ever, establish their articulations in this

way.
Conclusion

The current research does not attempt to reflect the whole evolutionary history of trilobites. The
makeup of the taxon sample is solely based on the data that are available. A larger dataset will
allow for a more hypothesis-driven strategy. The challenges associated with evaluating
Chatterton's (1980) theory linking metamorphosis and intermolt growth show how many more
high-quality ontogenetic series are required before we can test a variety of predictive hypotheses
about the generality and taxonomic distribution of developmental phenomena satisfactorily. It is
imperative to conduct more thorough investigations into the ontogenies of the best-preserved
species. These investigations should focus on the multiple growth stages of the same species,
include some significant taxa that were not included in our analysis (such as harpetids and
nontrinucleoid "asaphids™), and examine a number of closely related taxa within individual
clades. However, for this group, this research has defined a "space of developmental routes.” The

study of evolutionary change at various scales will be made possible by an extended database of
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trilobite ontogeny, which offers major new insights into the specifics of how developmental traits

developed in an ancient, diversified, and fast spreading arthropod group.
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