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Analysis of Variability in Protichnites Morphology and
a Standardized Method of Identification

Matthew E. Burton-Kelly

Department of Geology and Geological Engineering, University of North Dakota, Grand Forks,
North Dakota, 58203, USA. matthew.burton.kelly@und.nodak.edu

Morphological characters of described specimens of the ichnogenus Protichnites Owen, 1852, (a
probable arthropod trace fossil) in the literature were identified. For this study, Protichnites was
defined as a trackway possessing the following characteristics: paired imprints across the midline,
medial structure (groove(s) or ridge(s)), and a countable (i.e., generally unchanging) number of tracks
in each repeating trackset. This definition removes certain described specimens and ichnospecies of
Protichnites from that ichnogenus (and from this study), due mainly to a lack of ‘countable’ tracks
per set, something that Owen (1852) considered an important aspect of these trackways when he
named P. septemnotatus (‘“seven-marked”), P. octonotatus (“eight-marked”) and P. multinotatus
(“many-marked”). Specimens that possess this morphology but have not been identified as
Protichnites were not included in this study. Many specimens from the literature have been identified
only to the level of ichnogenus.

Specimens were grouped according to shared characters in order to produce a hierarchical
morphological tree. Number of medial grooves/ridges (1st level), number of tracks per set (2nd
level), continuous vs. discontinuous medial structure (3rd level), and marginal vs. central location of
medial structure (4th level) were taken into account to distinguish specimens identified as belonging
to the ichnogenus Protichnites. These characters were arrived at as a basis for comparison through
analysis of both what data has historically included in trackway descriptions and what can
conceivably be easily noted in future work or in the field. Location of medial structure appears last,
due to the lack of such information in most of the literature concerning Protichnites specimens that
have not been identified to the ichnospecies level.

These methods were used to produce a dendrogram showing the relationship between defined
Protichnites ichnospecies and unidentified (to the ichnospecies level) specimens attributed to that
ichnogenus in the literature. Protichnites specimens identified to the ichnospecies level group quite
well. The distinction between closely ‘related’ ichnospecies occurs at varying levels of the tree
hierarchy (e.g., P. septemnotatus and P. octonotatus (Owen, 1852) are alike in all but track number,
while P. gallowayi (Sharpe, 1932) and P. carbonarius (specimen, Keighley and Pickerill, 1998) differ
in the position of the medial structure). This does not seem to be problematic; ordering of characters
within the tree has no effect on the grouping of end members, because the relationships are
morphological rather than phylogenetic. It is interesting to note that no formal definition of a
Protichnites ichnospecies includes the presence of two (or more) medial grooves, suggesting that this
characteristic be used to define a parallel ichnogenus. A key was produced to aid in field
identification of trackways that may fall under this definition of Protichnites.

The ichnogenus Protichnites was found to be much more diverse at the ichnospecies level than
previously realized. The definition of the ichnogenus used herein allows for a more specific and
quantitative approach to identification of Protichnites, by removing problematic specimens and
ichnospecies that are not in keeping with what is perceived as Owen’s (1852) original intent; however
close re-study of this material is warranted to justify such a removal. The methods used in this study
suggest that the systematic addition of quantitative characters to trackway analysis can simplify
identification of additional problematic genera.

Although the potential uses of arthropod trackways for stratigraphy are obviously limited, e.g., to
understanding sediment saturation, dune angle or sedimentation rates, this study is intended to
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promote the use of a strictly defined key set of morphological traits in the identification of other
ichnofossils.
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Figure 1. Dendrogram of morphological similarities between Protichnites ichnospecies, “Unnamed isp.” refers
to examples from the literature of Protichnites occurrences that were not identified to the ichnospecies level.
Four ichnotaxobases are illustrated in hierarchical form (from left to right): Number of medial grooves/ridges
(1st level), number of tracks per set (2nd level), continuous vs. discontinuous medial structure (3rd level), and
marginal vs. central location of medial structure (4th level). Key to character symbols: 1s, single medial
structure; 2s, double medial structure; 4, 6, 7, 8, 9, number of tracks per trackset; ¢, continuous medial structure
over the course of the trackway; d, discontinuous medial structure; cl, medial structure located approximately
halfway between tracksets; m, medial structure biased toward one side of the trackway.
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