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ABSTRACT

Twelve acanthodian species and eleven species of putative chondrichthyans from
Lochkovian (Lower Devonian) rocks of the MOTH locality, Mackenzie Mountains,
Northwest Territories, Canada, provide a unique perspective on early jawed fish
morphology. Three of the putative chondrichthyans were previously known from only
isolated scales. New specimens that are the first articulated remains of their kind, facilitate
a description of the body morphology of these problematic fishes. These putative
chondrichthyans indicate that earlier notions on the morphology of acanthodian and
chondrichthyan fishes were incorrect, and that median fin spines and paired prepectoral,
pectoral, prepelvic, and pelvic spines are primitive features of a larger group of early
fishes. Cladistic analyses indicate a relationship between the putative chondrichthyans and
acanthodians, and therefore, these putative chondrichthyans should be classified as basal
teleostomes. The relationships of these new forms to other teleostomes (actinopterygians
and sarcopterygians) remains to be determined.

New acanthodians, and data from redescriptions of previously known acanthodians,
show new and unexpected character combinations that challenge the validity of the simple
three-order classification of acanthodian fishes. My analysis of acanthodian relationships
disagrees with previous classification schemes, and indicates that the order Climatiiformes
is paraphyletic. Other changes to the orthodox view of acanthodian relationships include:
the removal of Culmacanthus from the diplacanthids, association of Cassidiceps
vermiculatus with acanthodiforms, the interpretation of the heavily armored pectoral girdles
of Climatius and Brachyacanthus as a derived feature, and Lupopsyrus pygmaeus as the
most primitive acanthodian known.

The putative chondrichthyan body scales show species-specific characteristics, and
were identified in most samples of microremains from MOTH. Acanthodian body scales

from MOTH fall into two categories: ornamented scales that show species-specific
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characteristics, and smooth, unornamented scales lacking species-specific features.
Comparisons of the assemblages reconstructed from isolated scales and articulated remains
indicate that the assemblage based on the putative chondrichthyan scales is equivalent to the
assemblage of articulated fishes, whereas the diversity of the assemblage of acanthodian
body scales was underestimated. The ornamented scales of acanthodians and the putative
chondrichthyans are useful for biostratigraphical comparisons, and indicate a middle

Lochkovian (Lower Devonian) age for the MOTH fish layer.
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GENERAL INTRODUCTION

The earliest gnathostomes include representatives of the Class Placodermi (an extinct
group of fishes characterized by a complete ring of dermal plate armor around the pectoral
girdle), Chondrichthyes (cartilaginous fishes including extant sharks, skates, rays, and
ratfishes), Acanthodii (an extinct group of fishes historically called "spiny sharks"),
Actinopterygii (ray-finned fishes bony fishes), and Sarcopterygii (the lobe-finned fishes,
including extant lungfishes, the coelacanth, and tetrapods). These early jawed fishes have
been studied in detail, but new, better-preserved specimens, intermediate forms, and older,
presumably more primitive representatives of recognized groups continue to be discovered
and change our perceptions of the relationships and evolution of vertebrates.

Recently there has been a resurgence of interest in the relationships and anatomy of
early chondrichthyans (Karatajute-Talimaa 1992, 1998, Coates and Sequiera 1998, Coates
et al. 1998, Stahl 1999), but despite over 100 years of study, the anatomy of the earliest
cartilaginous fishes is poorly known, morphological interpretations of these fishes are
varied, and the phylogenetic relationships between the earliest chondrichthyans and other
gnathostomes are far from resolved.

The fishes from the MOTH fish layer, in the southern Mackenzie Mountains,
Northwest Territories, Canada, represent a unique, diverse assemblage of some of the best-
preserved Early Devonian fishes; these are invaluable sources of data for analysis of the
morphology and relationships of early jawed fishes. Several of the putative
chondrichthyan species known from MOTH were previously described from isolated
remains, and these fishes were assumed to have had a body morphology similar to that of
known Middle Devonian and more recent shark-like fishes. These putative chondrichthyan
specimens provide the first evidence on the body morphology of several described putative
chondrichthyan species and provide data to test the accuracy of the previous classification
schemes used to organize chondrichthyan microremains. These fishes also facilitate a
discussion of the early evolution of acanthodians and related teleostome fishes.

The acanthodian assemblage from the MOTH locality includes species from all
previously classified acanthodian orders (Climatiiformes, Ischnacanthiformes, and
Acanthodiformes), and several new forms with unique character combinations that cannot
be assigned to any known acanthodian order. Several of the acanthodian species from this
locality were described initially from poorly preserved material, and the new and better-
preserved specimens collected recently indicate that all but one species (Cassidiceps
vermiculatus) require redescription. In addition, the data derived from these fishes provide
the basis for the first parsimony-based cladistic analysis of acanthodian characteristics, and
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allows a reasonable test of the previous classification schemes that were used to suggest
relationships among the acanthodians.

Early Paleozoic assemblages containing articulated material are rare, and therefore,
most geographic and stratigraphic studies use isolated remains that are recovered from acid
preparation of rock samples. Usually, a particular assemblage is represented by either
articulated remains or isolated material, but rarely both. The Devonian fish layer at the
MOTH locality provides a unique opportunity to study scale variability from articulated
specimens of several acanthodian and putative chondrichthyan species, and to compare the
scales from articulated fishes with isolated remains from the same locality. In this study,
an assemblage reconstructed from microremains will be compared to an assemblage
reconstructed from body fossils to determine whether these two are equivalent for a given
locality. The articulated remains and isolated scales of acanthodians and the putative
chondrichthyans from MOTH also provide a test of whether a sample of microremains of a
particular species taken from small samples of rock accurately reflects scale variation that
can be determined from body fossils. The unique Lower Devonian assemblage at MOTH
provides the first opportunity to test assumptions necessary for biostratigraphic and
biogeographic analyses and species descriptions using vertebrate microremains.

In this thesis, I present new information on known Lower Devonian acanthodian and
putative chondrichthyan species from MOTH, provide descriptions of new species with a
discussion of scale structure and variation, present an analysis of the acanthodian and
putative chondrichthyan species composition based on isolated scales and articulated body
fossils, and follow with an analysis of early vertebrate relationships.

RESEARCH OBJECTIVES
The objectives of this thesis are as follows:

1) To describe new acanthodian and putative chondrichthyan species.

2) To describe the morphology of the scales of all articulated MOTH fish layer
acanthodians and putative chondrichthyans, with a detailed account of scale variation
for each species.

3) To reconstruct the acanthodian and putative chondrichthyan assemblage using both
articulated and isolated remains.

4) To compare the acanthodian and putative chondrichthyan assemblages reconstructed
from isolated remains and that based on articulated remains, to determine whether
isolated scales can be used to reconstruct accurately the assemblage known from
isolated remains.
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5) To compare scale variation known from articulated acanthodian and putative
chondrichthyan specimens to that of scales recovered from acid preparation residues, to
determine whether scales recovered from acid preparation residues adequately reflect
the scale variation within species.

6) To perform a cladistic analysis of the characteristics of selected acanthodian and putative
chondrichthyan fishes, and use the resulting character distribution to infer relationships
among species.

THE EARLIEST PUTATIVE CHONDRICHTHYANS
Body Morphology and Classification

The anatomy of the earliest chondrichthyans is unknown because most lacked ossified
endoskeletons and rarely were preserved intact; the earliest putative chondrichthyans are
known only from isolated scales. What is known about the anatomy of Paleozoic
chondrichthyans is based on few, sometimes spectacular specimens that are preserved as
articulated body fossils from Middle Devonian or more recent rocks (see for examples:
Lund 1977a, 1977b, 1982, 1989, Zangerl 1981, Gay 1990, Janvier 1996a, Grogan and
Lund 1997, Coates and Sequiera 1998, Coates et al. 1998, Stahl 1999, and Sequiera and
Coates 2000). Reconstructions of some better-known Middle Devonian, Carboniferous,
and Permian chondrichthyan species are presented in Figure 1. These early shark and
holocephalian species commonly are used as representatives of primitive chondrichthyans,
regardless of the fact that they are far removed in time from the earliest representatives of
the class. Worse yet, what is known, based on the anatomy of these Middle Devonian or
more recent chondrichthyans, is used as a template for the interpretation of older,
presumably more primitive fishes (see for example Young 1982, 2000 in which fin-spines
behind the gills of Antarctilamna prisca were assumed to represent displaced dorsal fin
spines). The representatives of Middle to Late Paleozoic chondrichthyan lineages, which in
the past have been considered primitive species, have had sufficient time to evolve many
apomorphies (derived features) relative to the basal members of the class, and their
characteristics should not be extrapolated back in time to describe any, or all of the earliest
chondrichthyan species.

Zangerl (1981) diagnosed chondrichthyan fishes as gnathostomes that retain a
cartilaginous endoskeleton throughout life, possess cartilage that may be reinforced by
calcified prisms, lack dermal bones, and either have minute dermal denticles, aggregates of
dermal denticles, or are naked. As mentioned above, Zangerl (1981) and Janvier (1996a)
determined these chondrichthyan characteristics and those of a hypothetical primitive
chondrichthyan from articulated fishes from the Middle to Late Paleozoic. Unfortunately
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Figure 1. Reconstructions of representative Paleozoic chondrichthyans, 1) Promexyele,
Iniopterygidae- Carboniferous (after Stahl 1980), 2) Stethacanthus,
Stethacanthidae- Carboniferous (after Zangerl 1981), 3) Cobelodus,
Symmoriidae- Carboniferous (after Zangerl and Case 1976), 4) Antarctilamna,
Xenacanthiformes?- Middle Devonian (after Young 1991, 1989), 5)
Expleuracanthus, Xenacanthidae- Permian (after Schaeffer and Williams 1977),
6) Tristychius, Tristychiidae- Carboniferous (after Dick 1978), 7) Cladoselache,
Cladoselachidae- Late Devonian (after Zangerl 1981).
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all of the chondrichthyan characters listed by Zangerl (1981), with the exception of
prismatic calcified cartilage, can be considered primitive for gnathostomes or are based on
character absence, and therefore, are of little use in defining the body morphology of the
earliest cartilaginous fishes. In addition, prismatic calcified cartilage is not present in all
cartilaginous fishes (Zangerl 1981, Janvier 1996a), and as a result, there is no single
defining character for all earliest chondrichthyans.

By the Middle Devonian and into the Late Paleozoic there existed a diverse species
assemblage of elasmobranchs and holocephalians (see the summaries by Zangerl 1981 and
Stahl 1999) showing a great diversity of morphological traits. Prediction of the
morphology of a primitive chondrichthyan, or a common ancestor between elasmobranchs
and holocephalians, is a difficult if not impossible task when the diversity of these fishes is

considered.

Putative Chondrichthyan Microremains and Classifications

Several of the putative chondrichthyans mentioned in this thesis, and many other early
putative chondrichthyan fishes, first were known from isolated scales that provide no
indication of body morphology. These remains first appear in the fossil record in the
Upper Ordovician (Sansom et al. 1996, Young 1997a), and are classified based on
combinations of the following characteristics: 1) non-growing monodontode placoid-like
scales, 2) polyodontode scales that grow by areal accretion of odontodes, which may have
basal tissue but are not attached to a dermal plate, 3) the presence of neck canals for
vascular supply to a scale, and/or 4) the retention of open basal vascular cavities or canals
in each body scale (Figures 2 and 3)(Reif 1978, 1982, Karatajute-Talimaa 1992, 1997b,
1998, Karatajute-Talimaa and Mertiniene 1998). Unfortunately, as outlined below, none
of these scale characteristics are unique to chondrichthyans relative to other early jawed and
jawless vertebrates, and there seems to be no single scale-based characteristic that defines
the Class Chondrichthyes. Regardless of the lack of unique scale features, the scale-based
classification scheme that is used to organize the earliest putative chondrichthyans has
gained wide acceptance in the paleontological literature (especially for biostratigraphy).

Distribution of Basal Tissues in Scales
Most of the early putative chondrichthyan scales have an open basal vascular cavity, or
have vascular canals that perforate a mass of basal tissue (see examples in Figure 2). The
monodontode scales of the "stem gnathostome" Skiichthys halsteadi (Smith and Sansom
1997), thelodonts (Karatajute-Talimaa 1978, 1997c, Turner 1991), scales of the early
putative chondrichthyans Areyongalepis oervigi (Young 1997a), Elegestolepis grossi and
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Figure 2. Details of putative chondrichthyan scales, 1) Elegestolepis, hypothetical
sequence of scale maturation showing the relation of the basal and neck canal to
the vascular supply, 2) Elegestolepis, sagittal section of a body scale (1 and 2
after Karatajute-Talimaa 1973), 3) and 4) Polymerolepis, transverse section of a
body scale showing the complex vascular core of each scale (after Karatajute-
Talimaa 1977a), 5) Altholepis, transverse section of a body scale showing the
developed basal tissue and multiple odontodes, 6) Altholepis, horizontal section
through a body scale showing the rows of multiple odontodes (S and 6 after
Karatajute-Talimaa 1997a), 7) transverse section through an Ohiolepis scale, as a
representative of a Protacrodus-type scale showing the convex mass of basal
tissue and multiple odontodes (after Gross 1973), and 8) Seretolepis, sagittal
section through a body scale (after Karatajute-Talimaa 1997a).
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Figure 3. A classification of growth forms of Ordovician to Devonian putative
chondrichthyan scales, after Karatajute-Talimaa (1992).
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related species (Karatajute-Talimaa 1973, 1992), many Devonian and more recent
chondrichthyans with monodontode, and polyodontode scales (see for examples:
Karatajute-Talimaa 1968, 1977, 1992, 1997a,b, 1998, Zangerl 1981, Reif 1985,
Vergoossen 1999a, and species described below), the putative chondrichthyan
"Nostolepis" robusta (Brotzen 1934, Gross 1971, Vergoossen 1999a), the acanthodian
Lupopsyrus pygmaeus (Hanke in prep) and a similar acanthodian species from the MOTH
locality (see below), and some scales referred to Nostolepis linleyensis (Miller and Mirss
1999), retain open basal vascular cavities, or have basal vascular canals. The presence of
open basal canals likely represents a primitive feature in gnathostome scales.

Overgrowth of basal canals by basal tissue occurs during the development of scales of
the mongolepid Teslepis jucunda (Karatajute-Talimaa and Novitskaya 1992) and the
putative chondrichthyan Elegestolepis grossi (Karatajute-Talimaa 1973). In addition, the
scales of Seretolepis elegans that have relatively little basal tissue have a large open basal
cavity, those of Altholepis composita that have more basal tissue retain narrow basal
vascular canals, and the scales of Protacrodus, Ohiolepis, Cladolepis, and Maplemillia have
few or no basal vascular canals passing through the thickened mass of basal tissue (Gross
1973). Therefore, the presence of basal canals in the scales of these putative
chondrichthyans is related to ontogeny, and to the presence, distribution and amount of
basal tissue. The vascular supply of scales with thickened basal tissue enters via neck
canals in the absence of enlarged basal canals.

Neck Canals

Scales with neck canals are considered to be characteristic of chondrichthyan fishes.
However, the scales of the Ordovician putative chondrichthyan Areyongalepis oervigi lack
neck canals (Young 1997a), and scales of Seretolepis elegans, which lack developed
necks, also lack neck canals (Karatajute-Talimaa 1997b). The larger scales of S. elegans
that have developed necks, have neck canals, and therefore, it seems that the presence of
neck canals is not characteristic of all chondrichthyan or putative chondrichthyan scales, but
rather is governed by the dermal expansion of neck tissues. Furthermore, the necks of
acanthodian scales are perforated by neck canals (usually called radial canals if on
acanthodian scales)(Figure 5; also see Gross 1947, 1973, Denison 1979, Valiukevicius
1985, 1994). This difference in terminology between the neck canals of chondrichthyan
scales (Figure 2.2) and the radial canals in acanthodian scales creates an unnecessary
distinction that in the past has been used to differentiate chondrichthyan scales from those
of other early gnathostomes. The neck canals of chondrichthyan scales and the "radial"
canals of acanthodian scales both perforate each odontode at, or just above the junction
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between the base and the crown and radiate toward the center of each scale (Figure 2.2 and
5). I see no reason to distinguish the neck canals of chondrichthyans and the "radial”
canals of acanthodians given that these canals perforate the same region of each odontode
and presumably served the same function. The neck canals of typical acanthodian scales
differ only from those of most chondrichthyan or putative chondrichthyan scales in that the
neck canals of acanthodians align to connect several superpositioned odontodes. The neck
canals of most chondrichthyan scales remain as separate canals supplying adjacent
odontodes. In contrast to most chondrichthyans and putative chondrichthyans, the scales
of Protacrodus wellsi (Gross 1973) have concentric rings of odontodes, and these are
connected to the exterior by neck canals that combine to form radial canals. Therefore, the
differences in the orientation and distribution of the vascular canals that perforate the necks
of acanthodian, chondrichthyan, and putative chondrichthyan scales is a function of scale
growth, and acanthodian and chondrichthyan scales cannot be characterized by the simple
presence, or absence of neck canals.

Karatajute-Talimaa (1995) stated that the scales of mongolepid fishes lacked neck
canals, even though vascular canals (unlabeled in Karatajute-Talimaa 1995, fig. 1) that
seem to be obvious candidates for neck canals enter each scale between the crown and basal
tissue. These horizontal canals in the mongolepids enter the scales in the same position as
the neck canals of chondrichthyan, putative chondrichthyan, and acanthodian scales,
presumably carried vascular tissue and in my opinion, are equivalent to the neck-canals of
acanthodian, chondrichthyan, and putative chondrichthyan scales.

Microstructure of Scale Tissues

There are no scale tissues that are exclusive to chondrichthyans; the lamelline tissue of
the scales of mongolepid fishes (Karatajute-Talimaa ef al. 1990, Karatajute-Talimaa 1992,
1998, Karatajute-Talimaa and Novitskaya 1992, Karatajute-Talimaa and Mertiniene 1998)
may provide an exception to this statement, but the relationships between mongolepid
fishes and other gnathostomes have not been resolved with any certainty. Scales of
acanthodians and the putative chondrichthyans that are present early in the fossil record,
and presumably represent a primitive condition, have crowns composed of mesodentine- or
orthodentine-like tissues, and if present, the basal tissue of each scale may, or may not
include cell lacunae (Figures 2 and §; Karatajute-Talimaa 1973, Gross 1973, Sansom et al.
1996). The scales of Areyongalepis oervigi, the oldest putative chondrichthyan, are poorly
preserved, and their histological structure has yet to be determined. Putative
chondrichthyan scales from the Harding Sandstone have an orthodentine-like "arboreal
branching tubular dentine” crown tissue and an acellular base (Sansom et al. 1996), and in
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contrast, the scales of Elegestolepis grossi have mesodentine and orthodentine crown tissue
and cell lacunae in the basal tissue (Karatajute-Talimaa 1973). Early Devonian putative
chondrichthyans with complex scales, which presumably represent derived species relative
to the Ordovician and Silurian species, lack cell lacunae in the basal tissue of each body
scale and may have mesodentine, or orthodentine crown tissue (Figures 2.3-2.8;
Karatajute-Talimaa 1997a,b).

The histological structure of acanthodian scales parallels that of the putative
chondrichthyans in that scales of derived forms (ischnacanthiforms and acanthodiforms)
have orthodentine crowns and acellular basal tissue (Figure S; Denison 1979, Janvier
1996a). Scales of primitive acanthodians have a mesodentinous crown, and if basal tissue
is present, it includes cell lacunae (Figure 5); the scales of an undescribed putative
acanthodian from the Silurian of Siberia have semidentine-like tissue in the crown (a
personal communication from V. Karatajute-Talimaa, in Burrow and Tumner 1999). Scales
of primitive placoderms have both meso- and semidentine crown tissues and cell lacunae in
the basal tissue (Burrow and Tumer 1998, 1999), and the scales of Skiichthys halsteadi, a
“stem gnathostome” described by Smith and Sansom (1997), have mesodentine- and
semidentine-like crown tissue (Smith and Sansom 1997); at present, it seems that almost
any combination of dentine and basal tissue types are possible in scales of the earliest jawed
vertebrates.

Scale Growth and Classification of Microremains

Several species of putative chondrichthyans and elasmobranchs have a squamation
composed either of individual monodontode scales that are regularly shed (a micromeric
condition), or of monodontia that fuse to adjacent odontodes to form polyodontode scales
(Figures 2 and 3; Reif 1978, 1982, Karatajute-Talimaa 1992, 1997a,b, 1998). The earliest
chondrichthyans are assumed to have had a micromeric squamation (Zangerl 1981, Reif
1982, Janvier 1996a), even though putative chondrichthyans with complex scale growth
are known from the Ordovician (Sansom et al. 1996, Young 1997a). The Silurian species
Elegestolepis grossi and Skamolepis fragilis appear to have a micromeric squamation from
what is known from isolated scales (Karatajute-Talimaa 1973, 1978, Turner 1991), and
this primitive, simple squamation is retained in all extant sharks (Reif 1985).

A diverse assemblage of putative chondrichthyans with polyodontode scales is present
by the Lower Devonian (Karatajute-Talimaa 1992, 1997a,b, Young 1997a, Karatajute-
Talimaa and Mertiniene 1998). The compound scales of chondrichthyan and putative
chondrichthyan fishes exhibit areal accretion of odontodes, in contrast to those of most
acanthodians. These compound scales usually have an identifiable primordium (the first
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odontode in a growth series) and have additional odontodes attached to the basal rim of the
scale primordium, or to the margin other odontodes in the compound scale (Figures 2 and
3). The odontodes on the scales of chondrichthyan fishes may partially overlap previously
accreted elements (Reif 1982, Karatajute-Talimaa 1992, 1997a,b, 1998), and may combine
to form enlarged, complex scale crowns. Compound scales of elasmobranchs and the
putative chondrichthyans are assumed to have been retained for longer than monodontode
scales but were shed at intervals (a mesomeric condition) (Reif 1982). The basal rim
formed from the necks of all accreted odontodes forms a conical cavity in which, if present,
basal tissue is deposited (Figures 2.5, 2.7, and 2.8). Odontode shape and the pattern of
accretion around the scale primordium appears to be species specific.

Areal accretion of adjacent odontodes to form a single compound structure also occurs
in the head scales of some climatiiform acanthodians (Gross 1971, Miles 1973a,
Valiukevicius 1994), body scales of placoderms (Burrow and Tumer 1999), body scales of
bony fishes (Mirss 1986a, Janvier 1996a), on branchial arch scales of thelodonts
(Vergoossen 1992, Van der Brugghen and Janvier 1993, Turner and Van der Brugghen
1995, and Mirss and Ritchie 1998), and on the large, plate-like body scales of many
agnathan vertebrates (Janvier 1996a). Therefore, areal growth is not unique to
chondrichthyan scales and likely is a primitive characteristic for gnathostomes.

The relationships among the earliest putative chondrichthyans may be determined from
scale growth characteristics. Karatajute-Talimaa (1992)(Figure 3) derived a scale-based
classification scheme that may be of some use in the classification of the earliest putative
chondrichthyans. Unfortunately, her classification scheme does not distinguish species
with monodontode scales, and therefore, only is useful for fishes with polyodontode
scales. The patterns of vascularization and crown growth of the scales of these putative
chondrichthyans appear to be characteristic of individual genera, and details of surface
omamentation are used to indicate species distinction (Figures 2 and 3)(Karatajute-Talimaa
1968, 1977, 1992, 1997a, b).

The utility of this simple, scale-based classification scheme (Figure 3) is limited, given
that the body scales of the putative acanthodians Machaeracanthus bohemicus (Gross
1973), and Nostolepis linleyensis (Miller and Marss 1999) show combinations of areal and
superpositional accretion of odontodes, and in this respect, their scales are similar to those
of several putative chondrichthyans. In addition, the scales of Lupopsyrus pygmaeus and a
similar acanthodian species represented by UALVP 41484 (see the species descriptions that
follow) have simple scales, each formed from a single odontode, and the scales of the
acanthodian Climatius reticulatus exhibit both areal and superpositional growth (@rvig
1967). Whether or not all scales of N. linleyensis and Machaeracanthus species represent
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acanthodians has yet to be determined from articulated specimens, but these fishes indicate
that scale morphology may not be as reliable a criterion to distinguish acanthodians and
chondrichthyans as once was believed. In this thesis, areal growth of scales and scale
morphology are used to define states for characters in the cladistic analysis of acanthodian
and putative chondrichthyan fishes, although areal growth of scales is not expected to be a
reliable feature of the putative chondrichthyan fishes.

ACANTHODIANS
Body Morphology and Classification

The fossil record of acanthodian fishes extends from the Silurian through to the
Permian Period, and until recently (Long 1983, Gagnier and Wilson 1996a, 1996b, Janvier
1996a), acanthodians were thought to be an easily-defined clade of early gnathostomes
showing little diversity in body plan (Denison 1979). There currently are three orders of
acanthodians (Climatiiformes, Ischnacanthiformes, and Acanthodiformes) from historical
classifications; reconstructions of representatives of each order are presented in Figure 4.
Janvier (1996a) provided a concise summary of what is known about the anatomy of
representatives of each order from well-known, articulated specimens, and maintained the
traditional thought that at least some climatiiforms represent the primitive body plan for
acanthodians. Janvier (1996a) and Gagnier and Wilson (1996a) hinted that the order
Climatiiformes (see Figures 4.1-4.4) as presently defined may be paraphyletic, and this
hypothesis is supported by a cladistic analysis by Hanke (in prep). The orders
Ischnacanthiformes (Figure 4.5) and Acanthodiformes (Figures 4.6 and 4.7) appear to
represent monophyletic groups of acanthodian fishes, and usually are considered to be
derived relative to climatiiform species (Obruchev 1964, Moy-Thomas and Miles 1971,
Miles 1966, 1973a, Denison 1979, Long 1986, Janvier 1996a, Hanke in prep).

The fossil record of acanthodians parallels that of chondrichthyans in that the earliest
species are represented by isolated microremains, such as fin spines, scales, and teeth
(Denison 1979, Janvier 1996a). Isolated remains of ischnacanthiform and climatiiform
acanthodian species are found in Late Silurian rocks, and indicate that the earliest
acanthodians evolved either in the Early Silurian, or possibly in the Late Ordovician
(Denison 1979, Janvier 1996a, Sansom et al. 1996). Unfortunately, the isolated remains
of the earliest known acanthodians provide no information on body morphology. The
earliest acanthodiform acanthodians are from the Lower Devonian, and these are
represented by articulated remains (Denison 1979, Egerton 1861, Gagnier and Goujet
1997). The first acanthodiform species likely evolved in the Late Silurian, but at present
there are no specimens to confirm a Silurian origin for the group.
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Figure 4. Reconstructions of representative Early Devonian acanthodians, 1) Euthacanthus
macnicoli, Climatiidae, 2) Climatius reticulatus, Climatiidae, 3)
Brachyacanthus scutiger, Climatiidae, 4) Diplacanthus striatus; Diplacanthidae,
3) Ischnacanthus gracilis; Ischnacanthidae, 6) Mesacanthus mitchelli,
Acanthodidae, 7) Triazeugacanthus affinis, Acanthodidae. Numbers 1-6 after
Watson (1937), and number 7 after Miles (1966), with modification of pectoral
and first dorsal fin of Ischnacanthus gracilis.
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Figure 5. Details of acanthodian scales, showing a series from a primitive morphology to a
derived condition; 1) Gomphonchus, scale in crown view, 2) Gomphonchus,
scale in side view to show the typical shape of an acanthodian scale (numbers 1
and 2 after Gross 1947), 3) schematic diagram showing vascularization of a
hypothetical acanthodian scale in sagittal section, 4) diagrammatic representation
of a single odontode and attached portion of the scale base for an acanthodian
scale in sagittal section (3 and 4 after Gross 1966), 5) Euthacanthus, sagittal
section through a body scale (after Gross 1973), 6) Nostolepis, sagittal section
through a body scale (after @rvig 1967), (5 and 6 show the cellular basal tissue,
large scale primordia, large diameter ascending canals, and few growth zones of
primitive acanthodian scales), 7) Diplacanthus, transverse section through a
body scale showing large diameter ascending canals (after Gross 1973), 8)
Cheiracanthoides, sagittal section through a body scale also with large diameter
ascending canals (after Gross 1973), 9) Gomphonchus, sagittal section through a
body scale (after Gross 1971), 10) Acanthodes, sagittal section through a body
scale (after Gross 1947), (9 and 10 show the acellular basal tissue, small scale
primordia, narrow ascending canals, and multiple growth zones of derived
acanthodian scales).
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There is consensus among researchers that the climatiiform acanthodians include some
of the most primitive acanthodians (Obruchev 1964, Moy-Thomas and Miles 1971, Miles
1973a, Denison 1979, Janvier 1996a), and Denison (1979) provided a summary of
characteristics that he believed characterized primitive acanthodians based on a climatiiform
body plan. Of his characters, few are known in all of the earliest species that are
represented by articulated remains, and several endoskeletal characteristics Denison detailed
are extrapolations from the few derived acanthodians that are known to have had an
ossified braincase and visceral arches. Unfortunately, in many studies Acanthodes bronni
is used as a model for the anatomy of the acanthodian cranium, visceral skeleton, and axial
skeleton (Jarvik 1977, Denison 1979, Janvier 1996a), even though the characteristics of A.
bronni are considered derived and likely are not representative of any or all early
acanthodian species. Worse yet, A. bronni has been used as a single representative
acanthodian to determine the relationships of all acanthodians to other gnathostome classes
(Miles 1965, 1966, 1973a, 1973b, Jarvik 1977). It is interesting to note that Jarvik's
(1977) interpretation of Acanthodes bronni was used to suggest an acanthodian-
chondrichthyan relationship, whereas Miles (1965, 1966, 1973a, 1973b) used the same
species to show an acanthodian-osteichthyan relationship. The acanthodian-osteichthyan
relationship has persisted in the literature (Janvier 1996a), even though this relationship
primarily is based on derived taxa that provide little evidence of the body form of primitive
acanthodians and acanthodian ancestors.

Denison (1979) hypothesized that the earliest acanthodian would have the following
characteristics: small, elongate, fusiform body; moderately long mouth and gill chamber;
hyostylic jaw suspension; unossified endocranium, jaws and gill arches; head covered with
small scales; teeth absent; multiple covers and external openings for gills; notochord
persistent with unossified neural and haemal arches; scapula with elongate, rounded dorsal
blades and expanded ventral portions; dermal shoulder armor absent; fin spines small,
short, ornamented with noded ridges and not deeply inserted; numerous intermediate
(prepelvic) spines present; two dorsal fin spines present; epicercal tail that is slightly
upturned; scales unornamented; preopercular sensory canals bend toward postorbital part of
the infraorbital canals; supramaxillary and oral sensory canals long; mesodentine present
superficially in scales and spines; cellular bone present in fin spines and scales; and body
scales with pulp-like cavity with few growth zones.

Several of the character states outlined by Denison (1979) have served as simple, easily
observable characteristics to diagnose the earliest acanthodians as a related group of jawed
vertebrates. The presence of paired fin spines is the most commonly used characteristic to
diagnose acanthodians, and in the past, species described based on isolated paired fin
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spines have been by default classified in the Acanthodii (Denison 1979). However,
Yealepis douglasi (Burrow and Young 1999) has body scales that indicate a relationship to
acanthodians, but it lacks fin spines as can be determined from the material available, and
one species from the MOTH locality that has Nostolepis-type acanthodian scales, also lacks
fin spines. A second new species from MOTH has median fin spines but lacks paired fin
spines. To complicate matters, most of the putative chondrichthyans from MOTH that
were classified based on scale data, and are described in this thesis, possess combinations
of paired prepectoral, pectoral, prepelvic, and pelvic spines, and all for which the
information is known, have anal fin spines. Furthermore, Cloutier et al. (2000) presented
evidence of the presence of pectoral fin spines in the Devonian elasmobranch Doliodus, and
the elasmobranch Antarctilamna prisca also appears to have pectoral fin spines [although
Young (1982, 1989, 1991, 2000) interpreted the pair of fin spines just behind the gills of
A. prisca as displaced dorsal fin spines]. The new combinations of the occurrence of fin
spines in recently discovered acanthodian and putative chondrichthyan fishes indicate that
preconceived notions of the presence or absence of fin spines in fishes that traditionally
have been classified either as acanthodians or as chondrichthyans are not necessarily correct
and require re-evaluation.

There is consensus among researchers that climatiiform acanthodians are primitive
relative to ischnacanthiforms and acanthodiforms (Denison 1979, Janvier 1996a), but
unfortunately, Climatius reticulatus and the heavily armored pectoral girdle that is
characteristic of this species, has been used to represent the anatomy of typical Lower
Devonian climatiiforms (Moy-Thomas and Miles 1971), or worse, as characteristic of all
primitive acanthodians (Moyle and Cech 1988, Pough et al. 1996). Maisey (1986, 1996)
provided an interesting alternative hypothesis on the relationships of acanthodians, with the
view that the climatiiforms represent derived taxa relative to the other two acanthodian
orders, and that the heavily armored condition in climatiiform acanthodians may be a
specialized condition relative to the simple pectoral girdles of ischnacanthiforms and
acanthodiforms. Maisey's phylogenetic hypothesis has not received much support since it
opposes the appearance of the acanthodian orders in the geological record. In most
respects I agree with Maisey (1986, 1996), in that the heavily armored pectoral girdle
represents a derived characteristic, but the armored condition likely represents a derived
characteristic of a subset of the fishes currently classified within the order Climatiiformes,
rather than as a synapomorphy for the entire order.
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Body Scale Morphology

The body scales of most acanthodians show a characteristic shape and growth pattern
(Figure 5; Denison 1979, Janvier 1996a). The polyodontode body scales of acanthodians
grow with the body of each fish (Zidek 1988), but unlike the scales of chondrichthyans or
the putative chondrichthyans, newly added odontodes completely cover older odontodes in
a process called superpositional growth (Denison 1979, Reif 1982, Janvier 1996a,
Karatajute-Talimaa 1998). This pattern of growth results in a scale with an onion-like
appearance in cross-section (Figure 5.3). This complex of superpositioned odontodes is
connected by a complicated network of aligned neck canals that combine to form radial
canals just above the base-neck junction, and ascending canals that branch from the radial
canals to supply the crown of each odontode (Figure 5.4). The ascending canals in
acanthodian scales are not considered equivalent to the ascending canals in the basal tissues
of mongolepid scales (Karatajute-Talimaa 1995, fig. 1).

The body scales of acanthodians vary slightly in size and shape over the body of an
individual fish. Larger body scales of acanthodians are found near the posterior dorsal fin
and on the caudal peduncle, and this region is assumed to correspond to the location of the
origin of scale development (Zidek 1985, 1988). Smaller scales are found towards the
head, towards the posterior tip of the caudal fin axis, and near the dorsal, and ventral
midline (Watson 1937, Miles 1966, Gagnier 1996, Gagnier et al. 1999, Hanke et al. in
press, Hanke in prep). Enlarged scales also may be found around the bases of the fin
spines and along the dorsal and ventral midline, along the leading edge of the caudal fin,
and in two parallel bands anterior to the pelvic fin origin (Long 1983, Gagnier et al. 1999,
Hanke et al. in press). In contrast, acanthodian fin scales are significantly smaller than
typical body scales, and decrease in size towards the fin margin. Fin scales of
acanthodiform acanthodians may fuse into compound, rod-like structures (Watson 1937,
Miles 1966, Gagnier 1996, Gagnier et al. 1999), but in most species, fin scales remain
separate, and resemble tiny, slightly more slender versions of body scales.

Neck and Basal Tissue

The neck of an acanthodian scale is formed from the ventrolateral edges of the
combined odontodes of the crown, and forms a shallow to deep cone of dentinous tissue
that extends into the dermis (Figure 5). Scale necks may be constricted or broad, taper
directly from the crown margin to surround any basal tissues, and are perforated by neck
canals.

The conical cavity within the scale neck usually contains a mass of cellular or acellular
basal tissue (Figure 5). The basal tissues of acanthodian scales may be tumid, flat, or

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



23

concave, and lack basal vascular canals. Basal tissue is deposited in concentric layers that
may be visible both externally and in thin section, and usually includes traces of Sharpey's
fibers (Figure S; Denison 1979). The scales of Lupopsyrus pygmaeus are unique among
known acanthodians in that they lack ossified basal tissue (Hanke in prep, and below).
The scales of Lupopsyrus pygmaeus may represent the primitive condition for
acanthodians, and in thin section, resemble monodontode scales of some putative
chondrichthyans (Karatajute-Talimaa 1973, Vieth 1980).

Acanthodian species that are considered to be primitive have body scales with cellular
basal tissue, large diameter vascular spaces and ascending canals, large odontodes forming
the scale primordium, and few, thick growth zones (Figures 5.5 and 5.6; Denison 1979).
In contrast, the body scales of species that are believed to be derived have many, thin
growth zones, narrow radial and ascending vascular canals, a small scale primordium, and
acellular basal tissue (Figures 5.8-5.10; Denison 1979). The patterns of scale crown
vascularization (arcade canals and dentine tubule distribution) and external ornamentation,
appear to be useful for generic or species level comparisons, but are too varied to have
much use in analyses of relationships among acanthodian orders.

Body Scale Crown Tissues

The crowns of the body scales of acanthodians can be omamented with converging,
parallel, or diverging ridges that show varied distribution on the crown surface. Ridges
and ornamentation of body scales are formed from thickenings on the crown rather than by
lateral accretion of odontodes (Denison 1979), and the differences in crown ridge shape
and distribution commonly are used as diagnostic features of species in studies of
acanthodian microremains (see for examples Vieth 1980, Valiukevicius 1985, 1994, Wang
etal. 1998). Denison (1979) believed that primitive acanthodians should have smooth,
unornamented scales, even though most acanthodians that are considered to be primitive
have ornamented scales. While there may be trends in scale ornamentation that parallel the
relationships within groups of acanthodians, the patterns of scale ornamentation are too
varied to be of use in analyses of the relationships of the entire class.

Mesodentine is considered to be the primitive tissue in the crowns of acanthodian
scales, and scales of derived species have orthodentine crown tissue (Figure S; Denison
1979, Janvier 1996a, Smith and Sansom 1997). Scales of Nostolepis or Nostolepis-like
acanthodians are believed to be unique in possessing oriented mesodentine (sometimes
termed Stranggewebe)(Gross 1971, Denison 1979, Valiukevicius 1985, 1994, Miller and
Mirss 1999). As demonstrated below, the scales of Lupopsyrus pygmaeus and several
putative chondrichthyans from MOTH show a similar oriented dentinous microstructure,
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suggesting that this tissue type is characteristic of a larger group of early jawed fishes, and
not restricted to scales of Nostolepis species.

Head Scale Morphology

In contrast to the body scales, acanthodian head scales may be simple plate-like
elements lacking growth zones, or may be complex and formed from areal or areal-
superpositional growth (Miller and Mirss 1999). The complex growth patterns of the head
scales of Poracanthodes menneri and many climatiiforms are similar to that of the body
scales of several putative chondrichthyan fishes [compare the head scales of Poracanthodes
menneri (Valiukevicius 1994) and the body scales of Altholepis composita (Karatajute-
Talimaa 1997b)]. Head scales of acanthodians commonly are different from those on the
body, and unfortunately, head scales are poorly illustrated in most species descriptions.
Some basic features of head scales and whether head scales are similar to body scales form
the basis for characteristics in the analysis of acanthodian relationships that follows.

Scale Growth and Classification of Microremains

Acanthodian species often have been described based only on isolated scales (Brotzen
1934, Gross 1957, 1973, Vieth 1980, Wang 1984, 1992, Mader 1986, Forey et al. 1992,
Langenstrassen and Schultze 1996), and in some cases, the growth characteristics of these
isolated scales are similar to what has been described for putative chondrichthyan
microremains. As mentioned previously, the scales of the putative acanthodian
Machaeracanthus bohemicus (Gross 1973) and some scales of Nostolepis linleyensis
(Miller and Mirss 1999) have combinations of areal and superpositional accretion of
odontodes, and therefore, show a growth pattern that has been considered characteristic of
both acanthodian and chondrichthyan scales. Unfortunately, the scales of Nostolepis
linleyensis that differ the most from those of typical acanthodians (i.e., have basal vascular
canals and areal crown growth) did not show any histological detail worth reporting (Miller
and Mairss 1999), and therefore, it is impossible to determine whether these "aberrant"
scales represent acanthodians or putative chondrichthyans. Articulated material is needed to
determine properly the relationships of Machaeracanthus species and Nostolepis
linleyensis. In addition, the monodontode scales of Lupopsyrus pygmaeus and the new
form represented by UALVP 41484 (see p. 237) indicate that some acanthodians lack the
typical superpositional scale growth form, and therefore, previous summaries that
discussed acanthodian body scale growth (Denison 1979, Janvier 1996a) and considered
that superpositional growth is characteristic of all acanthodian scales, underestimated the
diversity of scale forms possible.
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The acanthodians described to date from the MOTH fish layer (Gagnier and Wilson
1996a, 1996b, Gagnier et al. 1999), new species described by Long (1983), and some
new Nostolepis-like fishes mentioned by Valiukevicius (1997), indicate that acanthodian
diversity is far greater than suggested by previous classification schemes (Obruchev 1964,
Moy-Thomas and Miles 1971, Miles 1973a, Denison 1979, Janvier 1996a). The cladistic
analysis of acanthodians in this thesis is the first to include the new species from the
MOTH fish layer, and will provide a valuable test of past classification schemes.

The Use of Acanthodian and Putative Chondrichthyan Microremains

Agassiz in 1839 (Traquair 1899) reported on the first microscopic remains of
vertebrates, and in recent years, gnathostome microremains have become increasingly
valuable for biostratigraphic correlations and biogeographic reconstructions of Paleozoic
rocks. Vertebrate microremains include such structures as body scales, teeth, branchial
denticles, and fin spines, and of these, scales are the most commonly used for Paleozoic
biostratigraphy and biogeography. The scales of Paleozoic fishes are particularly useful
because each fish may have many, possibly thousands of identifiable scales that are shed
during the life of the animal and are incorporated into sediments, or are deposited, either as
part of a complete carcass, or are scattered during the decay of the carcass. In addition,
fish scales are small and resistant to acetic acid preparation (Jeppssen et al. 1985), and
many scales can be recovered from small samples of rock taken from outcrop or from core
samples.

Acanthodians and chondrichthyans are particularly useful for biostratigraphic and
biogeographic analyses because they inhabited both marine and freshwater environments
(Janvier 1996a, Trewin and Davidson 1996), and their body morphology suggests that
they were active, pelagic fishes. Pelagic species are less restricted to any one substrate type
and may leave remains (shed scales during life, and/or whole, or partial carcasses when
dead) in many environments. In addition, taphonomic processes, floatation, surface
transport, and loss of microremains from a single carcass may result in remnants of a dead
individual being scattered over a wide area. This lack of environmental restriction permits
correlation of different facies (depositional environments) that would be difficult to
associate based only on benthic invertebrates and/or lithological characteristics (see: Marss
and Einasto (1978), Esin (1990), and Langenstrassen and Schultze (1996) for examples).

Correct identification of isolated scales is essential for accurate biostratigraphic
correlations among rock strata and for description of the species assemblage; scales need
only be recognizable and exist in the fossil record for a relatively short time to be most
useful. The structure of acanthodian, chondrichthyan, and putative chondrichthyan scales
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(size and shape of the crown, crown ornamentation, the shape of the scale base, the height
of the scale neck) varies across the body of each fish, and this can create difficulty in the
identification of species from samples of microremains. Even though it is difficult to
identify species if only isolated scales are available, these items commonly are used in
biostratigraphical and biogeographical reconstructions (see for example: Blieck et al. 1984,
1987, 2000a, 2000b, Valiukevicius 1985, 1994, 1998, Mader 1986, Tumer and Murphy
1988, Janvier and Melo 1988, Mirss 1989, Vieth 1980, Wang 1984, 1992, Long 1990,
Turner 1991, 1993, Forey et al. 1992, Lelievre et al. 1993, Derycke et al. 1995, Miirss et
al. 1998, Burrow et al. 1999, and Miller and Mairss 1999). Not surprisingly most of the
scales that are used in biostratigraphic and biogeographic reconstructions have crowns that
are ornamented with distinctive ridges, troughs, and surface pores, and therefore, are
relatively easily identified and useful, regardless of whether they represent a single
biological species.

Vergoossen (2000) provided a concise summary of potential problems with the study
of microremains and their relevance to biological species. He stated that form taxa and any
hypothesized relationships may be acceptable, provided that researchers understand that the
relationships are tentative and that discovery of articulated material may indicate that a given
form taxon consists of parts from unrelated animals [see for example the different scale
types assigned to Nostolepis striata (Gross 1973)]. The description of all slightly different
isolated scales (see Brotzen 1934, Wells 1944), and assignment of these scales to body
regions (Gross 1973) also may add to taxonomic confusion. In addition, Vergoossen
(2000) suggests that the motives of each researcher will bias the interpretation of scale
variation within species that are based on microremains. Those that seek to use scales in
stratigraphy want well-defined taxa with relatively short stratigraphic ranges, and may be
prone to subdividing the assemblage into many species. In this case, slight variations in
scale characteristics will be considered useful to create identifiable species. In contrast,
researchers that wish to describe biological species, or study biogeography, may lump
distinct scale forms into one species, and attribute any scale differences to regional
variation.

Problems with Scale Variation and Omamentation
Unfortunately, scale variation is not well known in the earliest acanthodians, primarily
because of a lack of well-preserved, articulated remains. It also is impossible to provide a
complete account of scale variation and morphology from the earliest chondrichthyan fishes
in that few elasmobranch or holocephalian species descriptions include a detailed account of
scale variation (see for examples: Zangerl 1968, Karatajute-Talimaa 1968, 1973, 1977,
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1997a,b, Dick 1981, Young 1982, 2000, Williams 1998, Heidtke 1999), and most early
putative chondrichthyan species only are known from isolated microremains or fragments
of body fossils (Gunnell 1933, Gross 1938, 1973, Wells 1944, @rvig 1966, Karatajute-
Talimaa 1968, 1973, 1977, 1997b, Vieth 1980, Young 1982, Mader 1986, Derycke 1992,
Forey et al. 1992, Dick 1998). This lack of information is compounded by the fact that
several of the best-preserved elasmobranch fishes lack head and body scales (Zangerl and
Case 1976, Dick 1978, Dick and Maisey 1980), and the enlarged scutes forming the
squamation of many early holocephalians are unique (Lund 1977a, 1977b, 1989,
Schaumberg 1992, Stahl 1999) and not directly comparable to the scales of the earliest
putative chondrichthyan species.

The few accounts of scale variation that are based on articulated remains of early
Paleozoic chondrichthyans usually are limited to illustrations and description of the few
scales that represent extremes of variation, without a complete description of the
distribution of each scale type relative to the body of an individual fish (Dick 1978, 1981,
1998, Dick and Maisey 1980, Young 1982, Williams 1998, Heidtke 1999). In contrast,
Heidtke (1999) provided a detailed account of the distribution of each scale type over the
body of the xenacanth shark Orthacanthus, and showed that xenacanth sharks had a
complex and variable squamation (unfortunately, his illustrations were limited to line-
drawings rather than SEM images of isolated scales). Similar, detailed scale descriptions
are required for other Paleozoic elasmobranchs and the earliest holocephalians to provide
comparative material for those examining samples of isolated microremains.

Previous discussions of scale variation in Altholepis composita, Seretolepis elegans,
and Polymerolepis whitei, and many other Paleozoic putative chondrichthyans, were
limited to what could be determined from samples of microremains (Wells 1944,
Karatajute-Talimaa 1968, 1973, 1977, 1997a,b, Vieth 1980, Mader 1986, Derycke 1992).
In these cases, the limits of scale variation for a given species were governed by the
experience of the researcher(s), and not based on comparable articulated material. The
newly discovered specimens of A. composita, S. elegans, and P. whitei, and the new
species from the MOTH fish layer provide the first articulated remains of putative
chondrichthyan fishes for evaluation of the validity of several species described from
isolated elements, provide an account of scale variation from body fossils, and the
possibility to test the composition of species assemblages based on isolated remains.

Acanthodian body scales, in contrast to those of chondrichthyans, tend to have
relatively simple crown ornamentation and vary only slightly in size and shape over the
body of an individual fish (Denison 1979, Long 1983, Gagnier 1996, Gagnier et al. 1999,
Hanke et al. in press, Hanke in prep, Wilson and Hanke in prep). The most obvious
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difference in scale morphology on an individual acanthodian occurs between the scales of
the head and the body (Watson 1937, Miles 1966, Denison 1979, Valiukevicius 1992,
Gagnier 1996, Gagnier and Wilson 1996a). This difference between the head and body
scales contrasts with the condition in most chondrichthyans and the putative
chondrichthyans from MOTH, in which the morphology of head scales intergrades with
that of typical body scales (Gagnier 1995).

The head scales of many climatiid and diplacanthid acanthodians are irregular or
polygonal in shape, have complex crown ornamentation (Denison 1979), and resemble the
polyodontode scales of chondrichthyans, putative chondrichthyans, and placoderms
(Vergoossen 1999b, 2000). The resemblance of these ornate head scales of acanthodians
to scales of several other jawed vertebrates may result in misidentification of isolated
remains, lumping of similar scales from different species into a larger form taxon, and may
create artificially long biostratigraphic, and wide biogeographic ranges (Vergoossen 2000).
A similar problem may occur with the use of the head scales of some acanthodid and
ischnacanthid acanthodians, in that these elements commonly are thin and smooth, and lack
features that could be used to indicate species distinction (Gagnier 1996, Gagnier et al.
1999). Head scales, if at all mentioned in studies of microremains samples, usually are
categorized based on distinctive morphological types defined by Gross (1947, 1971), and
are not associated with any species in the fauna (Vergoossen 1999b, 2000). This practice
may suffice for simple documentation of recovered elements, but is unlikely to contribute to
refinement of stratigraphic or geographic studies.

The body scales of acanthodian fishes are relatively simple, compact structures that
usually survive preservation relatively intact. As a result of this good preservation
potential, acanthodian scale species commonly are recovered and available for use in
biogeographic and biostratigraphic analyses of mid-Paleozoic rocks. The omamentation of
acanthodian body scales appears consistent within species and over the body of individual
fish, based on examination of articulated body fossils. This consistency, and the fact that
more early acanthodians are known from articulated remains, provides useful foundation
for evaluation of within-species scale variation for analyses of samples of microremains.
Unfortunately, a proper account of scale variation cannot be determined for most
Nostolepis species, even though the relatively ornate scales of Nostolepis species
commonly are used in biostratigraphical and biogeographical analyses. The high degree of
scale variation observed on the new Nostolepis specimen from MOTH indicates that any
single articulated specimen and species may include several distinctive scale forms, and that
microremains based assemblages that include Nostolepis species may be "over-split".
Fortunately for biostratigraphic and biogeographic analyses, scales need only be
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identifiable, and not necessarily a reflection of true biological species to be useful. The
articulated body fossils of Nostolepis-like fishes mentioned by Valiukevicius (1997), and
the newly discovered, articulated Nostolepis specimen from MOTH (UALVP 42273), will
provide valuable information on the limits of scale variation to assist future analyses of the
species composition of microremains samples containing in Nostolepis, or Nostolepis-like
scales.

The scales of many ischnacanthid and acanthodid acanthodians have unornamented,
smooth-crowned body scales, and these scales may be difficult to identify to species even if
histological details are preserved. Since the size and shape of acanthodian scales varies
slightly across the body of each fish, and between the body and fins (Long 1983, Gagnier
1996, Gagnier et al. 1999, Hanke et al. in press), there are few features available for
reliable species identification of isolated, smooth-crowned scales. The lack of identifiable
features is compounded in poorly preserved scales since histological details may be
destroyed. Given these problems, accurate assessment of scale variation and features
indicating species distinction is unlikely if only isolated smooth-crowned acanthodian
microremains are available. It, therefore, is not surprising that few researchers use
unornamented scales in biostratigraphic and biogeographic reconstructions if ornamented
scales are available. Smooth-crowned scales are used in biostratigraphic and biogeographic
reconstructions of Carboniferous and Permian environments for the sole reason that
smooth-crowned acanthodiform scales may be the only acanthodian remains present
(Richter et al. 1999).

It is not possible to test the validity of scale-based species descriptions, or whether the
assemblages based on isolated remains accurately reflects the diversity of an assemblage
based on articulated body fossils, without having articulated remains for comparison. The
Devonian fish layer at the MOTH locality provides the unique opportunity to study scales
and scale variation from articulated specimens of several acanthodian and putative
chondrichthyan fishes, and to compare these scales with isolated remains from the same
fossiliferous strata.
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GEOLOGY

The MOTH locality (62° 32'N, 127° 45'W) is located in the Central Mackenzie
Mountains, approximately 70 km northwest of Tungsten, Northwest Territories, Canada
(Figure 6). The MOTH locality was named after a pile of rocks resembling a human sitting
on a ridge (Man-On-The-Hill) (Adrain and Wilson 1994). The locality is on the southwest
limb of the Grizzly Bear anticline in rocks that are considered to be transitional between the
Road River Formation and the Delorme Group (Adrain and Wilson 1994).

Gabrielse et al. (1973) provided the original description of the structural geology,
lithological features, and a-sociated invertebrate and vertebrate fossils in the measured
section at the MOTH locality and other nearby localities in the District of Mackenzie. In
this thesis, I will refer to the specific layers containing concentrations of Early Devonian
and Late Silurian fishes as the MOTH fish layer, and B-MOTH fish layer (Figure 7),
respectively, and the entire exposure of Silurian and Devonian rocks as the MOTH locality
to denote the region, or the MOTH section, in reference to the outcrop that was measured in
1996 and 1998.

The marine rocks preserved in the Mackenzie Mountains were deposited in spatially
extensive sedimentary units, including the Whittaker, Delorme, and Road River formations
(Perry 1984, Morrow and Geldsetzer 1988) that fringed the western margin of Laurussia
(the combined Laurentian and Baltic regions) during the Late Silurian and Early Devonian
(Copeland 1978, Chatterton and Perry 1983). The paleolatitudes derived from
paleoclimatic and magnetic data suggest that Laurussia was positioned just south of the
Equator (Heckel and Witzke 1979, Li et al. 1993; Figure 8), although Morrow and
Geldsetzer (1988) suggest that the Canadian Cordilleran region that includes the MOTH
locality was situated between 20° to 30° north latitude during the Early Devonian.
Regardless of whether at or just south of the Equator, or whether the supercontinent
straddled the Equator, the environment was tropical and facilitated the deposition of the
extensive carbonate sequences of the southern Mackenzie Mountains.

Sedimentology

The Delorme Formation is described as a sequence of buff-, to brown-weathering
limestones, dolomites, and shales, deposited between the underlying Whittaker, and
overlying Camsell Formation (Gabrielse et al. 1973). The Whittaker Formation grades
upward from grey-weathering shaly limestones into the buff-, to orange- or brown-
weathering limestones that characterize the Delorme Formation (Perry 1984). The contact
between the Whittaker and Delorme formations occurs where the Delorme Formation
limestones predominate over the grey-weathering shaly limestones of the Whittaker
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Figure 6. Map indicating the position of the MOTH locality (GSC 69014, Locality 129 of
the UALVP catalog) relative to landmarks in the Yukon and Northwest territories.
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Figure 7. Simplified stratigraphic column based on the 1996 section measurement up to the
MOTH fish layer and the 1998 measurement above the MOTH fish layer, vertical
lines beside the stratigraphic columns indicates covered intervals. Individual
numbers signify the presence of the following taxa: 1 = Ozarkodina
remscheidensis, 2 = Ozarkodina excavata, 3 = Ozarkodina confluens?, 4 =
Ozarkodina eurekaensis?, 5 = Belodella sp.?, 6 = Thelodus laevis, 7 =
Paralogania martinssoni, 8 = Canonia sp., 9 = Nikolivia elongata, 10 =
unidentified cyathaspid shields, 11 = unidentified acanthodian scales, 12 =
unidentified ischnacanthid jaws, 13 = Xylacanthus kenstewarti, 14 =
Granulacanthus joenelsoni, 15 = Nostolepis sp., 16 = Nostolepis
tewonensis?, 17 = Gladiobranchus probaton, 18 = Romundina sp. (isolated
scales), 19 = Romundina stellina, 20 = Altholepis composita, 21 = Seretolepis
elegans, 22 = Polymerolepis whitei.
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Figure 8. Reconstruction of 1) mid-Silurian and 2) Early Devonian palacogeography with
the approximate location for the MOTH locality, after Li et al. (1993).
Abbreviations: Av- Avalonia, Ba- Baltica, Ka- Kazakhstan, Lu- Laurentia, Nc-

northern China, Pp- Palaeopacific Ocean, Sc- southern China, Si- Siberia, Ta-
Tarim.
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Formation (Perry 1984). The location of the transition between the two formations has not
been identified in the MOTH section and may be buried under the talus below the B-MOTH
fish layer (Figure 7).

The platform carbonates of the Delorme Formation are relatively uniform for most of
their range; however, lithological characteristics become more variable to the southwest,
near the transition to the Road River Formation basinal shales (Lenz 1982, Perry 1984,
Chatterton et al. 1990).

The Delorme Formation is divided into three portions based on lithological features.
The lower portion of the Delorme Formation consists of argillaceous, black, platy
limestones, with silicified trilobites and poorly preserved graptolites (Perry 1984). The
middle third consists of silty and shaly limestones that grade upward into recrystallized
dolostone. Several layers of coarsely silicified brachiopod shells are known from the
middle of the Delorme Formation, and these brachiopod-rich layers decrease in frequency
towards the upper third of the formation (Perry 1984). The upper third of the Delorme
Formation consists of recessive, platy, micritic limestones with a depauperate assemblage
of invertebrates (Perry 1984). The rock exposed above the B-MOTH fish layer in the
MOTH section matches best with the description of the middle third of the Delorme
Formation in that several thick beds of silicified brachiopod remains are present below the
MOTH fish layer, and extensive beds of dolostone occur above the MOTH fish layer
(Gabrielse et al. 1973; Figure 7).

The basinal deposits of the Road River Formation range from the Ordovician through
the Early Devonian and are dominated by shales with a rich benthic fauna (Lenz 1977). In
the region of the Grizzly Bear Anticline, the Road River Formation consists of fissile, thin-
bedded, pyritic, black and grey shales, siltstones, and cryptograined black limestones with
sparse beds of chert (Gabrielse et al. 1973).

Environmental Interpretation

Several measured sections in the District of Mackenzie show the pattern of transition
between basinal facies of the Road River Formation and the carbonate platform facies of the
Delorme Group (Perry 1984); rock sequences considered transitional between the two
formations have alternating basinal shale and carbonate platform characteristics (Gabrielse
et al. 1973, Perry 1984). The transition from basinal shales to platform carbonate rocks is
abrupt (Lenz 1977). To the west of the transition, rocks grade upward in section from
Road River Formation basinal facies to transitional facies. Sections to the east, which have
transitional facies low in section, show upward gradation from transitional facies to
Delorme Formation carbonates. The replacement of transitional facies by carbonate
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platform facies higher in section supports Lenz's (1982) suggestion that a prograding
carbonate platform (Delorme Formation) overlapped basinal facies of the Road River
Formation during the Early Devonian.

Other western North American Early Devonian rock exposures show similar sequences
of carbonate rocks overlying basinal shales (Lane and Ormiston 1979, Johnson et al.
1981). The approximate limits of the platform and basinal facies for northwestern Canada
and Alaska, and the North American continent are presented by Klapper and Johnson
(1980), Lenz (1982), and Morrow and Geldsetzer (1988).

The rocks at the MOTH locality originally were described as transitional between
basinal shale facies of the Road River Formation and the carbonate platform facies of the
Delorme Formation (Gabrielse et al. 1973). Description of the rocks during the 1996
MOTH section measurement indicates that dark, silty or shaly limestones predominate
(Figure 7) and in this respect, the rocks resemble deep-water carbonate platform facies as
described by Lenz (1977). There is no obvious replacement of shale-dominated facies low
in the MOTH locality section by carbonates higher in section, and the section is dominated
by carbonate rocks (Figure 7). There is a fissile, black shale unit between 419 and 423 m
in the MOTH section (Figure 7) that may represent the only convincing evidence for the
presence of Road River basinal shales in the MOTH locality section. Another siltstone and
shale layer is indicated at approximately 150 to 170 m (Figure 7), but the lithological
description was an approximation based on rocks recovered from talus, and the actual
extent of this layer cannot be determined. The presence of the single, 4 m thick, black
shale layer in over 470 m of silty to shaly limestones indicates that most sediments of the
MOTH locality are characteristic of outer carbonate platform facies, rather than basinal or
transitional facies. Assuming MOTH locality rocks are part of the outer edge of the
prograding carbonate platform described by Lenz (1982), westward progradation of
platform carbonates would not result in conspicuous changes in the MOTH section.

The MOTH fish layer occurs between 430 and 435 m in the MOTH locality section
(411m in the section measured by the Geological Survey of Canada; see Gabrielse ez al.
1973; Figure 7). The MOTH fish layer can be described as a moderately deep-water
marine environment, according to characteristics listed by Lenz (1977) and Chatterton et al.
(1990). In addition, the fine grained sediments in the exposed section show no evidence of
ripple marks and/or cross bedding that would indicate wave or current influence (Boggs
1987). Brett et al. (1993) suggest that storm wave base extends down 100 to 200 m in
areas with a large fetch. If correct, then MOTH locality sediments settled below these
depths, or were in a relatively sheltered region of the coast.
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Turbidites

Most of the silty to shaly limestones in the MOTH section and the black shale layer
below the MOTH fish layer are thinly bedded, and these layers are interrupted by layers of
bioclastic debris. Bioclastic layers lower in the section may be massive, exceeding 30 cm
in thickness, but the two bioclastic deposits within the MOTH fish layer are between 1 to 2
cm in thickness (LTL and UTL in Figure 7). Fine rip-up clasts occur in the bioclastic
layers found within the MOTH fish-bearing layers.

The bioclastic debris within the MOTH fish layer includes broken fragments of
brachiopods, bryozoans, rugose corals, sponge spicules, small colonies of tabulate corals,
fragmentary cephalopod shells, crinoid ossicles and isolated remains of vertebrates. The
bryozoans, rugose corals, tabulate corals, and cephalopod shells that are present in the
bioclastic layers are absent from the fine-grained sediments of the MOTH fish layer,
indicating that the bioclastic material was transported from some shallower part of the
carbonate platform, and is not a concentration of organisms owing to winnowing of
sediments or non-deposition. In addition, the ‘jumbled’ orientation and fragmentation of
many of the bioclasts, and the rip-up clasts present in many bioclastic layers, suggest that
the material had been transported to this final deposition site, rather than by passive
accumulation of animal matter during a period of non-deposition of sediments.

The Presence of Pyrite and Interpretation

Dineley and Loeffler (1976) noted the presence of pyrite in fine-grained sediments of
the MOTH fish layer. Pyrite is found in the turbidite layers in the MOTH fish layer as fine
grains in the interstitial spaces, encrusted on invertebrate and vertebrate fossils, and in
cavities within fish scales. The abundance of pyrite in the interstitial spaces and associated
with fossil material may be used to indicate that the sediments of the bioclastic layers at
MOTH were hypoxic, and pyrite formation was supported by the abundance of organic
material. The absence of pyrite in the fine-grained laminar sediments of the MOTH fish
layer suggests that either insufficient iron and/or organic matter was present to initiate pyrite
formation in an otherwise hypoxic environment, or that sedimentation was rapid, diluting
any formed pyrite crystals (Brett and Baird 1986). The clay content and the lack of
interstitial spaces in the fine grained sediments may have limited the diffusion of dissolved
iron, and limited the formation of pyrite crystals. The quantity of fish, ostracode and
crustacean remains, and the alternating grey and black laminae suggest that organic matter
was not a limiting factor in the fine grained rocks at MOTH. When combined, the presence
of pyrite around fossils and not in the interstitial spaces in the sediment, the frequency of

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



40

articulated fossils, and the lack of bioturbation, suggest that the fine-grained sediments that
make up most of the MOTH fish layer rocks were deposited relatively rapidly.

Several layers within the MOTH fish layer contain apparent mass-mortality
assemblages (Adrain and Wilson 1994), while most other samples contain relatively few
fossils. The conditions that influenced the death of fishes in these mass-montality layers is
unknown. If hypoxic conditions were the cause of such death assemblages, then it may be
possible that these conditions were of short duration but affected a wide area. The hypoxic
event must have been sufficiently extensive to kill members of the benthic and pelagic
fauna, but not long enough to result in an abundance of pyrite crystals. These short-term
hypoxic conditions also could have precluded scavenging of carcasses, resulting in burial
of undisturbed, articulated remains.
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METHODS
Section Measurement

The MOTH locality outcrop was measured using a 1.5 m Jacob staff during the 1996
and 1998 trips (roughly 447 m. of Silurian and Devonian outcrop and talus; Figure 7) and
the approximate stratigraphic relationship between the MOTH fish layer, and the Silurian
(B-MOTH) fish layer was determined. Section measurement (1996) starts at the top of a
resistant, cherty, grey dolomite shelf (likely within the Whittaker Formation), to a few
meters above the to the Devonian MOTH fish layer (Figure 7), and in 1998, approximately
45 m of rock was measured above the Devonian fish layer. A detailed description of the
rock outcrop was recorded to reconstruct the sedimentary history of the locality as a
supplement to the general description provided by Gabrielse et al. (1973).

In addition, a representative section through the MOTH fish layer (between 430-435 m
in the section) was taken in 1998, for a future reconstruction of the sedimentary history of
the fish layer and to determine the relative position of the two thin, turbidite layers
contained within the MOTH fish layer. The lower turbidite layer (LTL) is found at 430.3
m, and the upper turbidite layer is at 435 m (Figure 7).

Recovery and Preparation of Microremains

Seven samples of rock (UALVP 44549-44555) were collected from the lower turbidite
layer, and one (UALVP 44556) was taken from the upper turbidite layer (see Appendices I
to Il). The two turbidite layers were sampled because of the concentration of biological
material and the increased probability of recovering vertebrate microremains. Two other
samples, one at the top of the MOTH fish layer (UALVP 44557, at 435.3 m), and the other
just above the fish layer (UALVP 44558, 436.8 m), also were taken. All samples were
placed in a solution of 1200 ml of 10% (vol./vol.) acetic acid and 250 ml of buffer solution
(calcium acetate) following recommendations by Jeppssen et al. (1985) for the recovery of
isolated vertebrate microremains. The buffered acid solution for each acid preparation
sample was changed once the reaction ceased.

The residue of vertebrate remains, conodont elements and other resistant material
(silicate minerals and pyrite) that settled to the bottom of acid preparation buckets was
sieved prior to adding new acid solution. These residues were passed through four metal
screens (1180 um., 250 pm., 125 um. and 88 um. mesh size), and each fraction was dried
on paper coffee filters. Dried specimens and undissolved matrix were scattered over a
counting tray and viewed using a Wild M-3 dissecting microscope; scale specimens were
removed using a moistened paint brush as recommended by Stone (1987) and were
transferred to slides for storage. Non-figured scales recovered from these samples are
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stored with their respective sample catalog number (UALVP 44550 to 44557, see
Appendices II and III); figured scales each were given a unique UALVP catalog number.
Conodont elements that were recovered from the rock samples were kept separate from the
fish fragments to prevent damage, and each element received its own UALVP catalog
number.

Siliciclastic and pyrite grains were attached to most conodont and vertebrate remains,
and therefore, individual scales were cleaned with a combination of soft brushes and 00-
gauge insect pins.

Isolated microremains were scanned using an electron microscope (JEOL JSM 6301
FXV) of the Department of Earth and Atmospheric Sciences, University of Alberta. Scales
either were mounted to scanning electron microscope (SEM) stubs using two-sided tape
(semi-permanent), or temporarily mounted using gum tragacanth; the two-sided tape
proved better since it was impossible to prevent the dissolved gum solution from covering
minute, individual scales. Specimens were sputter-coated with gold, and the resulting
SEM images were assembled into plates using Canvas (version 5).

Preparation of Articulated Remains

The articulated fishes recovered from the MOTH fish layer were prepared using dilute
acetic acid (Rixon 1976) to remove any calcareous matrix from fish specimens. Residues
remaining after acid treatment were removed using a combination of soft brushes and OO-
insect pins. Specimens were kept wet during preparation and once cleaned, were rinsed in
tap water to remove residual acid and acetate buffer. Cleaned specimens were stabilized
prior to storage with a 5% solution of Glyptal cement in acetone.

Articulated fishes and scale patches were whitened with ammonium chloride sublimate
and photographed using either an Olympus OM2S 35 mm SLR camera, and Kodak TMax
100 ASA black and white print film, or a NIKON Coolpix 990 digital camera attached to a
NIKON SMZ 1500 dissecting microscope. The resulting images were assembled into
plates using Canvas (version S). Line drawings of articulated fishes were made with a
camera lucida attachment on a Wild M7 stereo dissecting microscope.

Individual scales, scale patches, or both were removed from articulated specimens
using 00-insect pins, for examination of scale variation and histological structure. The
scales taken from articulated fishes were cleaned with brushes and/or insect pins, and either
were mounted to Scanning Electron Microscope stubs in preparation for imaging, or were
embedded in epoxy for thin section preparation. Scale specimens removed from articulated
fishes were scanned using the same electron microscope and techniques as for the isolated
microremains.
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Preparation of Thin Sections

Thin sections were prepared from scales removed from articulated fishes. Selected
scale specimens from each taxon were embedded in epoxy (Luminate 83 HA-4), and once
the epoxy cured, were ground to the desired plane using a low speed polishing wheel
(Buehler Ltd.) with a 600 grit polishing surface. Specimens later were polished using
silicon carbide powder (1000 grit) on glass to remove marks left by the 600 grit wheel.
The polished specimens were mounted on standard Fisher microscope slides with epoxy
(Luminate 83 HA-4) and then hand ground using the same techniques, to thin sections that
permit light transmission. Camera lucida drawings of the thin-sectioned scales were
prepared with a NIKON SMZ 1500 dissecting microscope. The camera lucida drawings
were scanned and assembled into plates using Canvas software. Photographs of
histological sections were taken with the same NIKON coolpix 990 digital camera and
NIKON SMZ 1500 dissecting scope mentioned above.

Analytical Techniques

Simpson's diversity index (Krebs 1989) was calculated for both assemblages
reconstructed from isolated scales, and articulated remains of acanthodians and the putative
chondrichthyans. Each scale specimen in the scale assemblage from the two turbidite
layers (LTL and UTL) is assumed to have come from a separate fish for this comparison.
Similarly, each articulated specimen, isolated jaw, and/or isolated fin spine recovered from
the rock between the turbidite layers (LTL and UTL), for simplicity, is assumed to
represent a different fish. Simpson's diversity index is an estimate of the probability of
whether two specimens drawn randomly from a population, represent different species
(Krebs 1989). This index is calculated as follows:

1-D = 1- 3(py

where 1-D= Simpson's index of diversity, and p; = the proportion of individuals of
species i in the community. Simpson's diversity index ranges from 0 (low diversity) to
near 1 (high diversity). Since a random sample is nearly impossible to collect, Krebs
(1989) recommends to treat the community sample as a collection, in this case a collection
of microremains and a collection of articulated remains, and limit diversity inferences to
each collection. The diversity in these samples likely has little, if any, meaning relative to
the diversity of the original source population of Early Devonian fishes.

Cladistic analyses presented in this thesis were performed on Macintosh computers
using PAUP 3.1.1 (Swofford 1993) or PAUP 4.0b8 (Swofford 2001). The resulting
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topologies were examined using MacClade 3.04 (Maddison and Maddison 1992). The
analysis was divided into three portions, an initial analysis to determine an appropriate
outgroup for the analysis of jawed fishes, an analysis of the relationships of the putative
chondrichthyans relative to acanthodians, elasmobranchs and holocephalians, and an
analysis of the relationships among acanthodian fishes. The primary reason to break the
analysis into three parts was to avoid the computational problems associated with large data
sets, and to analyze characteristics in smaller, more manageable quantities. Even though
the analysis was separated into three parts, the character sets generated were relatively
large, and therefore, heuristic, or if possible, branch and bound analyses (ACTRAN
character optimization) were used. The resulting strict and 50% consensus trees are
evaluated using Bremer (decay) analysis and bootstrap analysis (1000 replicates) using
PAUP (Swofford 1993, 2001).

The characters used in these analyses all are weighted equally, are unordered, binary or
multistate characters, and are polarized by outgroup analysis. The outgroups for the
second and third analyses are identified from the previous analysis (i.e. the outgroup in
analysis 2 is dependent on analysis 1, and the outgroup for analysis 3 is derived from the
putative chondrichthyans in analysis 2). Hagfishes are specified as the outgroup in the first
analysis following studies by Janvier (1981, 1996a, 1996b), Forey (1984), Maisey
(1986), Gagnier (1993a, 1995), Forey and Janvier (1993, 1994), Nelson (1994),
Donoghue et al. (1998, 2000), and Shu et al. (1999). Several of the characters used in the
first analysis were derived from previous classifications and cladistic analyses (Janvier
1981, 1984, 1996a, 1996b, Forey 1984, Maisey 1986, Gagnier 1993a, 1995, Donoghue
et al. 1998, 2000, and Shu et al. 1999), although most were modified from the original
sources to generate multistate characters from classification schemes and binary additive
character sets. Characters used in the analysis of acanthodians, elasmobranchs,
holocephalians, and the putative chondrichthyans were modified from Watson (1937),
Zangerl and Case (1973, 1976), Miles (1973a), Lund (1977b), Dick (1978), Denison
(1979), Dick and Maisey (1980), Stahl (1980, 1999), Zangerl (1981), Long (1986),
Maisey (1986), Karatajute-Talimaa (1992), Janvier (1996a), Karatajute-Talimaa and
Mertiniene (1998), Warren et al. (2000), or were new. Characters for the analysis of
acanthodian relationships were modified from those used in classifications and cladistic
analyses prepared by Miles (1966, 1973a), Maisey (1986), Long (1986), Janvier (1996a),
and from collaboration and discussion with S. Davis (University College of London).
Soft-tissue characteristics, and characters based on loss of structures, were avoided in
favor of characteristics that leave traces on fossil specimens. Many of the soft tissue
characters used by Janvier (1981, 1996b), Forey (1984), Maisey (1986), Gagnier (1993a,
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1995), Donoghue et al. (1998, 2000), and Shu et al. (1999), cannot be observed from
fossilized material and can only be inferred to be present in fossil fishes by comparison to

extant species, after a cladistic/phylogenetic scheme has been determined.
Specimens from MOTH that were examined in this thesis are catalogued in the

University of Alberta Laboratory for Vertebrate Paleontology collections.
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SYSTEMATIC PALEONTOLOGY

Superclass Gnathostomata
CLASS incertae sedis

REMARKS

The first 11 species of fishes that are described in this thesis informally are classified as
putative chondrichthyans pending subsequent cladistic analyses. Previously,
Polymerolepis whitei, Seretolepis elegans, and Altholepis composita were classified as
chondrichthyans based on their scale growth characteristics (Obruchev and Karatajute-
Talimaa 1967, Karatajute-Talimaa 1968, 1977, 1997b). The new species described in this
thesis also were considered to be putative chondrichthyans based on scale growth in earlier
publications (Hanke and Wilson 1997, 1998, Wilson and Hanke 1998, Wilson et al.
2000).

Prior to this study, only Kathemacanthus rosulentus was known from articulated
remains, and it was classified as an acanthodian in the original description (Gagnier and
Wilson 1996a). The putative chondrichthyans for which reasonably complete specimens
are known have combinations of dorsal, anal, pectoral, prepectoral, pelvic and prepelvic
spines, and their body morphology is more similar to that of acanthodians than to
elasmobranchs or holocephalians. Therefore, it is likely that these new species will be
classified as basal or "stem" teleostomes (the group containing acanthodians,
actinopterygians and sarcopterygians) rather than as chondrichthyans.

It is premature to propose a formal classification for these putative chondrichthyan
fishes based on the specimens available at present. The lack of comparable characteristics
in the available specimens and appropriate primitive placoderm, actinopterygian or
sarcopterygian species available for comparison, limits the size and reliability of the present
character analysis. It is hoped that the relationships of these fishes will be determined with
more confidence once appropriate primitive placoderm and osteichthyan fishes are available
for inclusion in a cladistic analysis.

ORDER incertae sedis
FAMILY incertae sedis

GENUS Lupopsyroides nov.

Diagnosis. As for Lupopsyroides macracanthus sp. nov., the only species known to date.
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Etymology. Latin, Lupopsyrus- an acanthodian genus, oides- similar to, in reference to the
similarity of L. macracanthus sp. nov. to Lupopsyrus pygmaeus.

Locality and Age. All specimens known to date are from the Early Devonian (Lochkovian)
MOTH locality, GSC 69014, section 43 of Gabrielse et al. (1973); the fish
bearing horizon is between 430-435 m in the section (as measured in 1996);
in dark, grey, argillaceous limestone.

Lupopsyroides macracanthus sp. nov.
Figures 9-11, 144.10, and 144.11.
Chondrichthyes, gen. et sp. nov. 2 (Wilson et al. 2000)

Diagnosis. Small, elongate fish with maximum body depth at the first dorsal fin origin;
eyes large; otic region indicated by two masses of statoconia; Meckel's and
palatoquadrate cartilages unossified; teeth absent; hyoidean gill covers and
branchiostegals absent; branchial, axial and appendicular skeleton unossified; fin
spines with broadly open, weakly inserted basal attachment; fin spines with
enlarged central cavities; fin spines, prepectoral and prepelvic spines with smooth,
widely-spaced ribs; two robust dorsal fin spines present; posterior dorsal fin spine
larger than the anterior dorsal fin spine; pectoral fin spines curved and longer than
the dorsal fin spines; thin, calcified? scapulocoracoids present; one pair of elongate
prepectoral spines present; pinnal and lorical plates lacking; two pairs of prepelvic
spines present; prepelvic spines increasing in size posteriorly; pelvic spines forming
a compressed, plate-like structure; pelvic spine approximately half the length of the
anal fin spine; head and body scales composed of a single odontode; head and body
scales lack ossified basal tissue and developed necks; body scale crowns
omamented with a median keel and two lateral flanges; body scales not preserved in
rows; body scales homogeneous in size; larger scales with flat median crests found
between the prepectoral spines; rectangular head scales grade to typical body scales
over the branchial chamber; four enlarged predorsal scales present anterior to the
first dorsal fin spine origin.

Etymology. Greek, makros- large, in reference to the long pectoral fin spine of the

holotype, and akanthias- prickly, an allusion to the denticulated pectoral fin spine.
Holotype. UALVP 43009 (holotype).
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Figure 9. Lupopsyroides macracanthus, photograph of the holotype (UALVP 43009),
showing most of the left side of the body, anterior portions of the head, the left

pectoral fin spine, the entire tail, and all fin webs are not preserved; scale bar = 1
cm.
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Figure 10. Lupopsyroides macracanthus, camera lucida drawing of the holotype (UALVP
43009) with interpretation of structures; scale bar = 1 cm.
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Locality and Age. All specimens known to date are from the Early Devonian (Lochkovian)
MOTH locality, GSC 69014, section 43 of Gabrielse et al. (1973); the fish
bearing horizon is between 430-435 m in the section (as measured in 1996);
in dark, grey, argillaceous limestone.

Referred Specimens. UALVP 42532, 45295-45296.

DESCRIPTION

Only two Lupopsyroides macracanthus specimens are known at present. Both
specimens were exposed and weathered prior to collection. The holotype is poorly
preserved and most of the squamation from the left side of the fish has been lost, exposing
the pulp cavities of scales from the right side (Figure 9). Scales of the holotype are missing
or were absent originally from the rostrum and parts of the branchial chamber, and are
missing from the abdomen (Figure 9). Little of the tail is preserved. There is no evidence
of fin membranes, and/or fin scales, and if present, these were lost during decay or
weathering of the carcass (Figures 9 and 10). The left pectoral fin spine also is missing.
Both dorsal fin spines have been crushed, indicating that they possess a large central cavity
that collapsed following burial. :

Lupopsyroides macracanthus has an elongate body, and there is no noticeable dorsal
deflection of the axis of the caudal fin (Figures 9 and 10). The axial and appendicular
skeleton is unossified. The pectoral girdle is exposed in ventral view, and the abdomen is
preserved in lateral view (Figure 9). This preservation likely resulted from rotation of the
head to the right during decay, while the compressed abdomen remained flat on the
sediment. Similarly compressed specimens of Lupopsyrus pygmaeus are common and
suggest that the head was round in cross-section and the body was slightly laterally
compressed.

Liude of the head of L. macracanthus is preserved in the available material (Figures 9
and 10). The meckelian and palatoquadrate cartilages, braincase, and gill arches are not
ossified, and teeth are lacking. The rostrum, jaws, and the margins of the orbits lack scale
cover. A patch of aligned scales is preserved dorsal to the orbit. These aligned scales may
have bordered the supraorbital sensory line, but there is insufficient information available to
be confident in sensory line identification. It is likely that the main lateral line also passed
between body scales, but its course is not visible on the body because of post-mortem
disruption of scale alignment.

The position of the orbit is indicated by a patch of reflective material that is positioned
just anterior to the two large patches of statoconia. The two masses statoconia indicate the
position of the otic portion of the braincase, and no discrete otoliths are visible (Figures 9
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Figure 11. Lupopsyroides macracanthus, photographs of the holotype (UALVP 43009),
1) detail of the prepectoral spines and associated scales, 2) close-up of the scales
between the prepectoral spines, 3) detail of the right pectoral fin spine and
prepelvic spines, 4) the right pelvic fin spine in left side view, 5) detail of
enlarged predorsal scales, and 6) detail of body scales positioned posterior to the
anterior dorsal fin spine base; scale bar for 2 = 1 mm, all others = 2 mm.
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and 10). The patches of statoconia are positioned as two separate masses, and when
combined with the position of the pectoral girdle, suggest that the braincase settled as a
dorsoventral compression.

The branchial region is poorly preserved. There is a scale-less region posterior to the
otic region of the braincase that represents the position of the branchial chamber (Figure 9).
The operculum likely was covered with small scales or perhaps was naked, and there is no
indication of branchial denticles, ossified gill rakers, hyoidean and/or branchiostegal plates,
or the number of external gill openings. The pectoral girdle appears to have shifted
anteriorly during decay and now is situated over the branchial chamber.

The large, curved right pectoral fin spine is preserved ventral to the abdominal cavity;
the left pectoral fin spine is missing (Figures 9 and 11.3). The pectoral spine has a broad
basal attachment, was not deeply inserted in the body wall, and has seven, equally sized,
smooth ribs that converge on the leading edge of the spine. The ribs of the pectoral fin
spine are separated by troughs that are as wide as, or are wider than each rib (Figures 9 and
11.3). The ribs on the other spines on L. macracanthus also appear to be separated by
wide troughs (Figures 11.1 and 11.4). Four small denticles are present near the tip on the
trailing edge of the pectoral fin spine. The right pectoral fin spine is crushed indicating that
the spine has a large, hollow central cavity.

Dermal pectoral girdle plates are absent, and a single pair of prepectoral spines is
present (Figures 9, 10, and 11.1). The prepectoral spines were inserted into the skin rather
than attached to any plate-like armor. The prepectoral spines are elongate, and low, and
have a large basal opening. The prepectoral spines curve posteriorly near the spine tip, and
are ornamented with smooth, well-spaced ribs that converge on the leading edge of the
spine (Figure 11.1).

The left scapulocoracoid is preserved as a thin, calcified? structure lying posterodorsal
to the left prepectoral spine (Figures 9 and 10). A similar structure that may represent the
right scapulocoracoid is positioned between the right prepectoral spine and base of the right
pectoral spine. The scapulocoracoids are thin, compressed, and rectangular, with a
tapering ascending blade and a relatively narrow ventral portion, with a surface texture that
differs from the ossified scapulocoracoids of acanthodians.

There are two pairs of prepelvic spines preserved on the holotype (Figures 9, 10, and
11.3). Only one spine of the anteriormost prepelvic spine pair is preserved, and is situated
immediately posterior to the base of the pectoral fin spine. The anteriormost prepelvic
spine is small with four smooth ribs that converge on the tip of the spine (Figure 11.3).
The posterior pair of prepelvic spines is situated level with the origin of the first dorsal
spine. The posterior pair of prepelvic spines was displaced, and it is not possible to
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identify which is from the right or left side. The posterior prepelvic spines have long basal
attachments, lack developed insertion areas, and each has five, smooth ribs per side that
converge on the leading edge of the spine (Figure 11.3). The spines in the prepelvic series
increase in size posteriorly; however, all are smaller than the pelvic spines.

The pelvic fin spines are compressed, blade-like structures and are approximately half
the length of the anal fin spine (Figures 9, 10 and 11.4). The pelvic spines on UALVP
42532 are crushed, indicating that the spines have an enlarged central cavity. The pelvic fin
spine base is narrow and elongate, due to the compressed shape of the spine, and have a
shallow insertion in the skin. The ornamentation on the pelvic fin spines consists of
smooth, thin ribs that converge on the leading edge of the spine near the spine tip (Figure
11.4). The posterior half of each side of the pelvic spines is smooth and ornamented with
few, smooth ribs. Those ribs that are present in the posterior portions of the pelvic spines
do not extend to the spine tip. There is no evidence of a pelvic fin web preserved on the
available specimens.

The anal fin spine has been rotated out of its original position, such that the leading
edge faces to the left side of the fish and the basal opening is embedded in the rock. The
anal fin spine is long and slender, and the spine ribs have the same ornamentation as the
other spines of L. macracanthus (Figures 9 and 10). There are five smooth ribs that
converge on the broad rib that reinforces the leading edge of the anal fin spine. The anal fin
spine origin is situated opposite to the origin of the second dorsal fin spine and has a
shallow insertion into the skin. The anal fin web is missing from both available specimens.

Two dorsal fin spines are present. The posterior dorsal spine is longer and more stout,
in comparison to the anterior spine (Figures 9 and 10). The dorsal fin spines are widely
spaced and are positioned at a low angle to the dorsal midline. The anterior fin spine, if
depressed, would not contact the origin of the posterior dorsal fin spine. Both dorsal fin
spines are crushed indicating that they have a large hollow central cavity, and both lack
developed insertion areas. The external omamentation of the dorsal fin spines is similar to
that of the ventral fin spines. There is no evidence of fins trailing both dorsal fin spines.
The lack of fins may be a reflection of poor preservation rather than an absence of fin
membranes in the living fish.

The squamation of the holotype of L. macracanthus is poorly preserved. Scales are
missing from mid-body over the abdominal cavity, from the opercula, the jaws, and the
rostrum (Figure 9). The head scales that are present dorsomedial to the orbits are
rectangular to irregularly shaped, and these scales grade into typical body scales. All of the
head scales preserved are visible in basal view, and so their crown ornamentation cannot be
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determined without additional preparation. Each head scale lacks ossified basal tissue and
has a single, open pulp cavity, surrounded by a shallow rim that forms the scale neck.

Enlarged scales are present along the ventral midline between the prepectoral and first
prepelvic spines (Figure 11.2). Each of these larger scales has a low median crest and
several thin ridges per side that converge on the median crest, and in this respect, resemble
small versions of the prepectoral spines. The median crest on each of these enlarged scales
has a shallow longitudinal trough.

Another patch of enlarged scales is positioned along the dorsal midline anterior to the
origin of the anterior dorsal fin spine (Figure 11.5). These enlarged, predorsal scales are
blade-like and have a high, median crest, with no lateral flanges. The top of the median
crest of each predorsal scale has a shallow, longitudinal trough. The predorsal scales lack
ossified basal tissue, and each has an elongate, open pulp cavity and no neck region.

The body scale size is consistent over the preserved parts of the body (Figure 11.6).
The crowns of these body scales have an elevated median crest. This crest is flanked by
two lateral crests that form a shelf which converges on the posterior tip of the scale. The
median crest of each body scale has a shallow trough that continues along the entire length
of the crest. Body scales lack ossified basal tissue, and each has an open, rhombic pulp
cavity that is surrounded by a low rim of tissue. Body scales of L. macracanthus lack
developed necks, and the scales are not preserved in aligned rows. This lack of alignment
likely is a result of postmortem displacement.

The poor preservation of the scales on the available L. macracanthus specimens
prevents discussion of scale microstructure.

REMARKS

Lupopsyroides macracanthus resembles Lupopsyrus pygmaeus (Bernacsek and Dineley
1977), and a new acanthodian species that resembles Lupopsyrus pygmaeus (see p. 237) in
that the body scales of these three species are formed from individual odontodes, lack basal
tissue, have open pulp cavities, are weakly attached to the skin, and have a crown with a
central keel and a pair of lateral flanges. The head scales of these species also are similar in
that they are simple, small versions of body scales, and there is a gradual transition
between the head and body scales. The body scales of Lupopsyroides macracanthus lack a
developed neck and have broad lateral flanges, and therefore, can be distinguished from
those of the new acanthodian species (see p. 237) and Lupopsyrus pygmaeus.

In addition to differences in scale morphology, Lupopsyroides macracanthus is
distinguished from Lupopsyrus pygmaeus and the new acanthodian species that resembles
Lupopsyrus pygmaeus (see p. 237) based on combinations of the following characteristics:
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smooth ornament on the fin spines, the presence of only two pairs of small prepelvic
spines, the compressed, spade-shaped structure of the pelvic fin spines, a lack of caudal
scutes, an unossified pectoral endoskeleton, and a lack of hyoidean gill covers.

The scapulocoracoids of Lupopsyroides macracanthus were interpreted in the initial
observations of the type specimen as isolated fragments of phyllocarid crustaceans. The
scapulocoracoids of L. macracanthus are thin and pressed flat; this preservation is unlike
that of the scapulocoracoids of typical acanthodians. Acanthodian scapulocoracoids are
thickened, smooth, perichondrally ossified structures that usually retain some of their
original curvature. The scapulocoracoids of Lupopsyroides macracanthus here are
assumed to be calcified, rather than ossified, but this must be confirmed by thin sections
when additional, better preserved material becomes available.

The spade-shaped structure of the pelvic fin spines of Lupopsyroides macracanthus is
similar to the prepelvic spines of the putative chondrichthyans Kathemacanthus rosulentus
(Gagnier and Wilson 1996a) and Seretolepis elegans (see below), and broad, compressed
prepelvic spines of the acanthodians Lupopsyrus pygmaeus, Climatius reticulatus, and
Brachyacanthus scutiger. The significance of the blade-like, compressed prepelvic and
pelvic spines has yet to be determined, but may be a primitive feature relative to the
clongate, slender prepelvic and pelvic spines of derived acanthodians.

In the past, Paleozoic fishes with prepectoral and prepelvic spines, anal fin spines, and
pelvic fin spines, were classified as acanthodians. However, several fishes described in
this thesis show scale morphology that is considered characteristic of chondrichthyan fishes
(Reif 1982, Karatajute-Talimaa 1992, 1997b, 1998, Janvier 1996a) and also have paired
fin spines, anal fin spines, and prepelvic and prepectoral spines. In addition, the fishes
mentioned by Cloutier et al. (2000), and Young (1982 and 2000) are believed to represent
carly elasmobranchs, although they have pectoral fin spines. The presence of paired fin
spines in acanthodians, the putative chondrichthyans from MOTH, and the elasmobranchs
described by Young (1982 and 2000) and Cloutier ez al. (2000) suggest that paired spines
may be characteristic of the crown-group Gnathostomata of Janvier (1996a, figs. 5.2 and
9.1) rather than a synapomorphy of acanthodians.

Given that Lupopsyroides macracanthus lacks characteristics of the class Acanthodii
other than its fin spine complement (for example: superpositional scale growth,
endoskeletal ossifications, pectoral dermal plate armor, and hyoidean or branchiostegal gill
covers), I tentatively classify this species with the informal group of putative
chondrichthyans pending recovery of better specimens. An analysis of the characteristics
and subsequent inferences on the relationships of Lupopsyroides macracanthus is presented
below.
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ORDER incertae sedis
FAMILY incertae sedis

GENUS Obtusacanthus nov.

Diagnosis. As for Obtusacanthus corroconis sp. nov., the only species known to date.

Etymology. Latin obtusus- blunt, acanthus- prickly, in reference to the blunt snout and the
presence of fin spines.

Locality and Age. All specimens known to date are from the Early Devonian (Lochkovian)
MOTH locality, GSC 69014, section 43 of Gabrielse et al. (1973); the fish
bearing horizon is between 430-435 m in the section (as measured in 1996);
in dark, grey, argillaceous limestone.

Obtusacanthus corroconis sp. nov.
Figures 12-18, and 144.1 - 144.9.

Chondrichthyes gen. et sp. nov. 3 (Wilson ez al. 2000)
38 scales (Hanke and Wilson 1997)

Diagnosis. A fusiform fish with a blunt rostrum; eyes large; mouth subterminal; jaws and
braincase unossified; otic region indicated by masses of statoconia; branchial
chamber nearly the same length as braincase; gill arches unossified; branchial
chamber deep; axial and appendicular skeleton unossified; all fin spines with
smooth leading edge and weak, smooth, longitudinal striations; fin spines with
clongate, open basal cavity; with triangular pectoral fin webs, that are broad based
and placed low on the body; with short, broad, pectoral fin spines, and prepectoral
spines; pinnal and lorical plate armor absent; two dorsal fins present; posterior
dorsal fin spine larger than anterior dorsal spine; dorsal fin spines held at low angle
to the dorsal midline; anal and pelvic fin spines present; pelvic fin spine
approximately the same length as anterior dorsal fin spine; pelvic and anal fin webs
with convex margins; asymmetrical oral scales lining mouth; teeth absent; head
scales round to elongate, and ornamented with radiating ridges; head scales grade
into typical body scales above branchial chamber; flat scales with broad median keel
present ventral to pectoral fin spines; body scales widely spaced, with prominent
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central crest and two lobate lateral flanges; elongate fin scales with weak lateral
flanges; scales on leading edge of fins with thickened, broad, smooth median crest
and weak lateral flanges; all scales lacking basal tissue and with open pulp cavity;
scale crowns composed of orthodentine.

Etymology. Latin corroconis - an unknown fish.

Holotype. UALVP 41488, specimen preserved in on its left side, includes most of the head
to the base of the tail.

Locality and Age. All specimens known to date come from the Early Devonian
(Lochkovian) MOTH fish layer, GSC 69014, section 43 of Gabrielse et al.
(1973); the fish bearing horizon is between 430-435m in the section (as
measured in 1996); in dark, grey, argillaceous limestone.

Referred Material. UALVP 19338, 23349, 41503, 41764, 43942, 43939, 43943 and
43945, 45286-45294.

DESCRIPTION

Few details of the head of Obtusacanthus corroconis are preserved. The rostrum is
blunt and overhangs a subterminal mouth (Figures 12-14). Both the rostrum and the head
are scale-covered, but the position of the nostrils and sensory lines cannot be determined.
There are two concentrations of statoconia that indicate the position of the otic region of the
braincase, and a large, darkly stained region indicates the position of the eye (Figures 12-
14). There are no differentiated circumorbital scales or sclerotic plates, and the braincase,
Jaws, and gill arches are not ossified.

The position of the mouth of O. corroconis is indicated by a deep cleft in the head
scales that extends posterior to the orbit (Figures 12-14). The oral cleft is lined with
asymmetrical labial scales, but there are no teeth preserved on any specimens (Figures 14.1
and 14.3). The apices of the labial scales on both the upper and lower jaws angle toward
the mouth.

The extent of the branchial chamber is indicated by a large area that is devoid of scales,
positioned between the otic part of the braincase and the pectoral girdle (Figures 12 and
13). The scales from the right side of the branchial chamber are lost, and only the basal
surfaces of scales from the left side are visible. There are no breaks in the scale cover from
the left side of the branchial chamber on the holotype, suggesting that only one external gill
opening was present. The branchial chamber was deep, and approximately as long as the
braincase. The branchial chamber lacks branchial denticles, ossified gill rakers,
branchiostegals, and hyoidean gill covers.
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Figure 12. Obtusacanthus corroconis, photograph of the holotype (UALVP 41488)
showing most of the right side of the body, but most of the tail and caudal
peduncle is missing; scale bar = 1 cm.
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Figure 13. Obtusacanthus corroconis, camera lucida drawing of the holotype (UALVP
41488) with interpretation of structures; scale bar = 1 cm.
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Figure 14. Obtusacanthus corroconis, photographs of the holotype (UALVP 41488)
showing 1) details of the head and otic region, with the orbit, mouth, and
prepectoral fin spine visible, scale bar = 1 cm; 2) detail of typical head scales from
the rostrum, and 3) detail of several asymmetrical head scales and the labial scales
on the upper lip, scale bars = 2 mm.
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There are no endoskeletal ossifications associated with the pectoral fin, although a
short, stout posteroventrally directed prepectoral spine and a stout pectoral spine are present
(Figures 12, 13, 15.1, 15.2, and 15.6). The pectoral fin spines are positioned low on the
body, posteroventral to the branchial chamber. The prepectoral spine is ornamented with
weak anterior striations and six nodes along the trailing edge (Figure 15.6). The pectoral
fin spine has a smooth anterodorsal surface and thirteen fine striations posteriorly; the
striations converge on the leading edge for most of the length of the spine (Figure 15.2).
The posteriormost striation on the pectoral spine has weak nodular omament. The basal
opening and insertion of the prepectoral and pectoral spines are not visible. Fine ridges
also onament the ventral surface of the pectoral spine, but unfortunately, they are not fully
exposed on any specimen and cannot be described in detail.

The pectoral fin web is triangular and has a long base (Figure 15.1). The posterior part
of the fin appears to be free of the body wall, and the fin does not extend distal to the tip of
the fin spine. The leading edge of the pectoral fin is reinforced by robust scales, and the
remainder of the fin web is covered with slender scales with weak lateral flanges. The fin
scales decrease in size towards the trailing margin of the fin (Figure 15.3).

The body of O. corroconis is fusiform and cylindrical (Figures 12 and 13). Specimens
in the UALVP collections are preserved either as dorsoventral or lateral compressions,
indicating that the body was round or only slightly compressed in cross section. The body
tapers gradually toward the caudal peduncle. The axial skeleton is unossified, and the
scales on the head and body of O. corroconis show no indication of the course of the
sensory lines.

The epicercal heterocercal tail has a well-developed hypochordal lobe; however, the
shape and margins of the caudal fin cannot be determined with presently available
specimens (Figures 12 and 13). The leading edge of the hypochordal lobe is reinforced
with several rows of robust scales, and the remainder of the fin web is covered with
slender scales with weak lateral flanges (Figures 16.3, 16.4, 17.29-17.33). There is a
gradual transition from body to fin scales and neither body nor fin scales are preserved in
rows.

The anterior dorsal fin is positioned at mid-body (Figures 12 and 13). The anterior
dorsal fin is small, and is reinforced by a short, stout spine that is positioned at a low angle
to the dorsal midline. The anterior dorsal fin spine has a shallow insertion, a long basal
contact with the body wall, and a broad, open basal cavity. The spine has a smooth leading
edge and is ornamented with seven weak, longitudinal striations that converge on the
leading edge for most of the length of the spine.
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Figure 15. Obtusacanthus corroconis, photographs of the holotype (UALVP 41488)
showing 1) the pectoral girdle, 2) detail of the right pectoral fin spine, scale bars
= 5 mm; 3) flattened scales on the leading edge of the pectoral fin web, 4) flat
crowned scales ventromedial to the pectoral girdle, scale bars = 2 mm; 5) flat
scales posterior to the prepectoral spine, and 6) detail of the prepectoral spine,
scale bars = | mm.
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The posterior dorsal fin spine is positioned at a level mid-way between the position of
the base of the pelvic and anal fin spines (Figures 12 and 13). The second dorsal fin spine
has a shallow insertion in the skin and extends at a low angle to the dorsal midline. The
spine is ornamented with eight lateral striations that converge on the smooth leading edge
(Figure 16.2). The ends of these ridges that are near the base of the fin spine may have
weak, elongate, nodular ornament. Both dorsal fin spines on the holotype are crushed,
indicating that they had a large central cavity.

The posterior portions of the second dorsal fin are missing, and therefore, the margins
of the fin cannot be described. The scales on the posterior dorsal fin are not aligned, and
fin scales decrease in size toward the fin margin. A patch of thin, broad-crowned scales is
present along the dorsal midline just posterior to the posterior dorsal fin (Figure 16.1).
Whether these scales represent dorsal fin scales or broad scales reinforcing the leading edge
of the caudal fin cannot be confirmed with the available specimens.

The anal fin spine is shorter than the second dorsal fin spine and longer than all
remaining fin spines (Figures 12 and 13). The anal fin spine of each specimen is preserved
with the anterior edge pressed into the sediment, and therefore, the orientation of the
ornament cannot be determined.

The anal fin is broad-based and has a convex trailing margin (Figures 12 and 13). The
scales on the anal fin are not aligned in rows and decrease in size toward the fin margin.
The transition from typical body scales to those on the anal fin web is gradual, and robust
scales reinforce the anterior edge of the fin web.

The pelvic fin spine is approximately the same length as the first dorsal fin spine
(Figures 12 and 13). The pelvic spine has a shallow insertion in the skin and a large basal
cavity. The leading edge of the pelvic fin spine is smooth and broad, and four striations
reinforce the lateral edges of the spine (Figure 16.8). The posterior three striations have
weak, nodular ornament near the fin spine base, and all lateral striations converge on the
leading edge of the spine for most of the spine length.

The pelvic fin web has a broad base, a convex margin, and is preceded by the slender
pelvic fin spine. The scales of the pelvic fin are like those of the other fins, and the
transition from typical body scales to the slender fin scales is gradual (Figures 16.7 and
16.8). The scales on the pelvic fin web are not aligned, and decrease in size toward the fin
margin.

Flauened, stellate-crowned scales cover the head and rostrum of Obtusacanthus
corroconis (Figures 14.2, and 17.1-17.14). These head scales are largest on the rostrum
and above the orbits, and decrease in size away from this region. The head scales lack
ossified basal tissue and developed necks, and a shallow rim of crown tissue surrounds the
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Figure 16. Obtusacanthus corroconis, photographs of the holotype (UALVP 41488), 1)
thin, flattened scales at the base of the second dorsal fin web, 2) thickened scales
along the leading edge of the second dorsal fin web, 3) typical caudal fin scales,
4) robust scales along the leading edge of the hypochordal lobe of the caudal fin,
5-6) typical body scales, 7) robust scales along the leading edge of the pelvic fin,
and 8) detail of the pelvic fin spine; scale bars =2 mm.
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open pulp cavity. The gradual transition between typical head scales and body scales
occurs above the branchial chamber.

As mentioned above, asymmetrical scales line the labial margins of the mouth. These
asymmetrical labial scales have low necks and lack basal tissue (Figures 17.15-17.19).
The crowns of these scales have a longitudinal sulcus that gives each scale a spoon-shaped
appearance, and the apex of the scale forms an elevated, acutely pointed tip. The widest
part of the median sulcus of each labial scale may contain fine accessory ridges. These
specialized scales resemble teeth in that the crown tip points toward the mouth.

Each body scale has a low rim of crown tissue that surrounds a rhombic pulp cavity,
and developed necks are absent. The crown of each body scale has a median crest, which
contains crownward extensions of the pulp cavity (Figures 16.5, 16.6, and 17.20-17.28).
Externally, the median crest has a shallow, longitudinal trough that continues for most of
the length of the scale crown. The median crest of each body scale is flanked by a pair of
lobate flanges. The apex of the lateral flanges of typical body scales is positioned mid-way
along the length of the median crest. These flanges merge with the posterior tip of the
median crest, forming a shelf along the back of each scale. The development of the lateral
flanges, and the height and width of the median crest, varies slightly between scales of
different parts of the body; however, body scales are uniform in size and shape compared
to the two types of fin scales.

The scales on the median fins, the pelvic fins, and on the posterior portions of the
pectoral fin web are similar, and are only slightly different from body scales (Figure
17.32). Typical body scales grade into fin scales, and the demarcation between the fin web
and the body wall is difficult to locate. Typical fin web scales are elongate and slender,
with a prominent, slender, median crest, each of which has a shallow longitudinal trough.
The lateral flanges of fin scales are weak, are widest in the anterior third of each scale, and
taper gradually to the posterior tip of the scale.

All of the fins have leading edges that are reinforced with broad, thickened scales. The
scales on the leading edge of the caudal, anal, and pelvic fins are similar, and have a broad,
low, flat-topped or a convexly curved, lanceolate median crest (Figures 15.3, 15.4, 164,
16.7, 17.29-17.31, and 17.33). The median crest is only slightly elevated above the lateral
flanges. The lateral flanges are elongate, originate approximately mid-way along the
median crest, and form a smooth, narrow shelf around the flank of each scale. These
robust fin scales are the thickest scales on Obtusacanthus corroconis. The median crests of
scales along the leading edge of the pectoral fin differ slightly from those of the other fins,
in that they may have fine longitudinal accessory ridges (Figure 15.4).
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Figure 17. SEM images of isolated scales of Obtusacanthus corroconis, 1-12) head scales
in crown view from UALVP 41503, 13) head scale in basal view (UALVP
41503), 14) head scale in side view (UALVP 41503), 15) labial scale in side
view (UALVP 41503), 16-19) labial scales in crown view (UALVP 41503), 20-
27) typical body scales in crown view, 20-24, 26 UALVP 41503, 25, 27,
UALVP 23349, 28) body scale in basal view (UALVP 41503), 29-31) scales
from the leading edge of the caudal fin in crown view (UALVP 23349), 32) scale
from the caudal fin web in crown view (UALVP 23349), 33) transitional scale
between scales of the caudal fin leading edge and fin web (UALVP 23349), 34)
flattened scale from anteromedial to the pectoral fin spine (UALVP 41488); scale
bars = 100um.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



75

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



76

A patch of broad, flat scales is positioned between the base of the prepectoral spine and
the pectoral fin (Figures 15.4, 15.5 and 17.34). These flattened scales are thin, and each
has a broad, lanceolate crown, with a low, flat to convex median crest. The pulp cavity of
each of these flattened scales is shallow and as in other scales, is surrounded by a low rim
of crown tissue.

None of the head and labial scales that were sectioned preserved any histological
structure, although the thin sections did indicate the shape and extent of the simple pulp
cavity (Figures 18.1-18.3).

Each body scale, and the robust scales from the leading edges of the fins, have a
complex central cavity that extends crownward from the open pulp cavity (Figures 18.4-
18.8). The crown of each body and fin scale of O. corroconis is composed of
orthodentine. The dentine tubules are elongate and extend longitudinally along the sides of
the median crest, parallel to the surface of the scale crown. The orientation of the dentine
tubules presents a pattern reminiscent of that of the "oriented dentine” of acanthodian scales
(Valiukevicius 1998). The dentine tubules radiate centripetally in the top of the median
crest (Figures 18.4-18.8). Cavities that resemble enlarged cell lacunae are present in some
of the thicker scales; however, these are not present in all sectioned scales and may
represent an artifact of tissue replacement by pyrite or other minerals.

The rim of tissue that surrounds the pulp cavity appears to be the same material as the
scale crown, and is not developed into a neck as in typical placoid scales and/or the
monodontodes scales of Lupopsyrus and the new Lupopsyrus-like acanthodian (see p.
237). There is no ossified basal tissue in any O. corroconis scales, and given that the
scales lack elongate necks, there are no neck canals (Figures 18.4-18.8).

REMARKS

The squamation of Obtusacanthus corroconis resembles that of thelodonts and some
chondrichthyan fishes, in that the body scales are formed from a single odontode, scales
lack neck canals and are not preserved in rows, head scales are stellate and show a gradual
transition to typical body scales, specialized, robust scales line the leading edges of fins,
and the pulp cavity of each scale is not infilled with concentrically layered basal tissue. The
crowns of O. corroconis head scales resemble those of the thelodonts Katoporus,
Goniporus, Loganellia, Thelodus and Turinia species (Turner 1973, 1986, 1997,
Karatajute-Talimaa 1978, Tumer and Dring 1981, Miirss 1986a, 1996, Mirss and Ritchie
1998, Blom and Goujet in press). The scales from the leading edges of the fins of O.
corroconis resemble cephalopectoral and body scales of many thelodont species (Turner
1973, 1986, 1997, Karatajute-Talimaa 1978, Turner and Dring 1981, Mirss 1986a, 1996,
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Figure 18. Camera lucida drawings of Obtusacanthus corroconis scale thin sections, 1) a
labial scale from UALVP 41488 in transverse view, 2-3) head scales in transverse
view (UALVP 41503), 4-5) robust scales from the leading edge of the caudal fin
in sagittal view (UALVP 23349), 6) robust scales from the leading edge of the
caudal fin in parasagittal view (UALVP 23349), 7-8) robust scales from the
leading edge of the caudal fin in transverse view (UALVP 23349); scale bars =
100 pm.
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Mirss and Ritchie 1998, Blom and Goujet in press). In addition, the histological structure
of the scales of O. corroconis differs only from those of Thelodus, Turinia, Nikolivia,
Apalolepis and Amaltheolepis species, in that the scales of O. corroconis may have a
complex vascular cavity leading from the central, shallow pulp cavity, and lack any basal
spurs (Karatajute-Talimaa 1978, Mirss 1986a, Tumer 1991).

The crowns of Obtusacanthus scales also resemble those of several putative
chondrichthyans, including three Moreyella species described by Gunnell (1933), a single
scale figured in crown view in Turner and Murphy (1988, fig. 1.20), and body scales of
many late Paleozoic, and more recent sharks (Reif and Goto 1979, Reif 1985, Johns et al.
1997). There are no features on or in the scales of O. corroconis to indicate an acanthodian
relationship.

Obtusacanthus corroconis is similar to Lupopsyroides macracanthus, in that both have
paired pectoral, prepectoral, pelvic, and median fin spines. Several other fishes (described
below) in addition to L. macracanthus are difficult to classify using previous, relatively
simple classification schemes, in that they have scales that are considered to be
characteristic of chondrichthyan fishes in combination with a fin spine complement that was
considered characteristic of acanthodian fishes. Obtusacanthus corroconis and
Lupopsyroides macracanthus both have a combination of a micromeric squamation, and an
acanthodian-like fin spine complement. The difficulty in determining the relationships of
these two fishes is exacerbated by the fact that they possess a micromeric scale cover, and
therefore, their scales lack any of the specialized growth features of other putative
chondrichthyans (Karatajute-Talimaa 1992). The relationships of O. corroconis are
examined later, and for the moment, the species is referred to the informal grouping of
putative chondrichthyans.

ORDER incertae sedis
FAMILY incertae sedis

GENUS Arrapholepis nov.

Diagnosis. As for Arrapholepis valyalamia sp. nov., the only species known to date.

Etymology. Greek, arraphos- one piece, without seam; Greek, lepis- scale, in reference to
the apparent simplicity of the scale crown.

Locality and Age. All specimens known to date are from the Early Devonian (Lochkovian)
MOTH locality, GSC 69014, section 43 of Gabrielse et al. (1973); the fish
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bearing horizon is between 430-435 m in the section (as measured in 1996);
in dark, grey, argillaceous limestone.

Arrapholepis valyalamia sp. nov.
Figures 19-23, 147 and 149.

2S scales, Hanke and Wilson (1997)
2S scales, Hanke and Wilson (1998)

Diagnosis. A species of fish with a short stout anal fin spine; lobate anal fin with convex
margin; anal fin overlaps origin of hypochordal lobe of caudal fin; thin, flat
crowned body? scales with oval to tear-drop shape; body? scale crowns
with fine, parallel, smooth ridged ornamentation; ridges on body? scales
approximately the same height; posterior edge of body? scales may be
serrated; pulp cavity of body? scales is shallow and broad, and enclosed in
rim of crown tissue; scales lack ossified basal tissue; ornamented body?
scales grade into tear-drop shaped, smooth-crowned scales with fine ridges
restricted to anterior margin: leading edge of anal and caudal fins reinforced
with several rows of thickened scales with smooth, convexly curved
crowns; scales on anal and caudal fin webs similar to body scales, but
decrease in size toward fin margin; transition from body to fin web scales
gradual; head scales tightly packed, with square to polygonal crowns: head
scales with smooth, flat crowns with fine ridges on crown margin; ridges
on head scale margin continue on scale neck; asymmetrical head scales with
fine ridges on anterior? edge; all scales formed from single odontodes; pulp
cavity of typical body? scales simple, broad, shallow and extends into scale
crown; pulp cavity of head scales, and scales on leading edges of fins broad
and shallow, branching into complex, multi-chambered vascular network;
scales lack ossified basal tissue.

Etymology. valyalamia - A patronym to honor Dr. V.N. Karatajute-Talimaa and her work
on early chondrichthyan scale morphology; Greek, lamia- feminine, shark-
like fish.

Holotype. UALVP 42180, a specimen consisting of body scales, the anterior portions of
the caudal fin, and the anal fin and anal fin spine.
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Figure 19. Arrapholepis valyalamia, photographs of the holotype (UALVP 42180), 1)
anal fin and leading edge of the hypochordal lobe of the caudal fin, anal fin spine
covered by scales, scale bar = 1 cm; 2) detail of the leading edge of the
hypochordal lobe of the caudal fin, scale bar = 5 mm.
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Examined specimens. UALVP 41520, 41562, 41687, 41706, 41776, 41799, 41995,
41980, 41999, 42057, 43944, 43947, 51699, 51704, 45161-45173,
45317-45330.

Locality and Age. All specimens known at present are from the Early Devonian
(Lochkovian) MOTH locality, GSC 69014, section 43 of Gabrielse et al.
(1973); the fish bearing horizon is between 430-435 m in the section (as
measured in 1996); in dark, grey, argillaceous limestone.

DESCRIPTION

Most specimens of Arrapholepis valyalamia are based on isolated scale patches that give
little indication of body morphology. However, the holotype consists of body scales, the
anterior portions of the caudal fin, a complete anal fin, and an anal fin spine (Figure 19).
In addition, specimen UALVP 41776 is composed of remnants of the anal and caudal fin,
and has a similar anal fin spine to that of the holotype. The dorsal midline, and the leading
edge of the hypochordal lobe of the epicercal, heterocercal caudal fin are reinforced with
thickened scales (Figure 19). The rest of the caudal fin is covered with small scales that
resemble typical body scales. The scales on the fin decrease in size toward the fin margin,
and there is a gradual transition between scales on the caudal peduncle and the hypochordal
lobe of the caudal fin.

The anal fin is lobate and has a convex posterior margin (Figure 19). The scales on the
anal fin web are similar in size and shape to those of the caudal fin (Figure 21.3), they
decrease in size toward the fin margin, and there is a gradual transition between typical
body scales and those on the anal fin web. The anal fin has a long attachment to the body
wall, and the posterior tip of the fin overlaps the origin of the hypochordal lobe of the
caudal fin (Figure 19).

The anal fin is reinforced with a short, stout fin spine that has a shallow insertion into
the skin of the ventral midline (Figure 19). The anal fin spine is approximately half the
length of the anal fin web, and lacks external ornament.

The body scales of A. valyalamia are thin and most are poorly preserved (Figures 20
and 22). The scales on the body are similar to those on the anal and caudal fins. The
crowns of Arrapholepis valyalamia body and fin scales are oval in crown view, and have a
pointed posterior apex. The surface of the crown of typical body scales is flat or slightly
convex, and is ornamented with many thin, parallel, smooth ridges (Figures 20 and 22)
that may, or may not continue for the entire length of the scale crown. The posterior
portions of the crowns of body scales overhang their respective pulp cavities, and the
posterior edge can be serrated (Figure 22.10). The underside of the posterior portion of the
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Figure 20. Arrapholepis valyalamia, photographs of body scales in crown view, 1)
gALVlz’ 51704, 2) UALVP 41562, 3) UALVP 41562, 4-6) UALVP 41520; scale
ars = 2 mm.
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Figure 21. Arrapholepis valyalamia, photographs of 1) fin? scales from UALVP 41562, 2)
fin? scales from UALVP 51704, 3) scales from near the base of the anal fin web
UALVP 42180, 4-5) head? scales from UALVP 51704, and 6) head? scales from
UALVP 41520; scale bars = 2 mm.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



87

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Figure 22. Arrapholepis valyalamia, SEM images of isolated scales recovered during
preparation of other UALVP specimens, 1-7) body scales in crown view, 8-12)
body scales in basal view; 1) UALVP 45161, 2) UALVP 45162, 3) UALVP
45163, 4) UALVP 45164, 5) UALVP 45165, 6) UALVP 45166, 7) UALVP
45167, 8) UALVP 45168, 9) UALVP 45169, 10) UALVP 45170, 11) UALVP
45171, 12) UALVP 45172, 13) UALVP 45173; scale bars = 100 um.
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crown is smooth, or can have fine ridges near the trailing margin (Figures 22.8- and 22.10,
22.12). The trailing edges of each scale overlap the leading edges of scales in the next
posterior scale row.

The body and fin scales of Arrapholepis valyalamia lack ossified basal tissue, and their
open pulp cavities are large, shallow, and surrounded by a thin, thombic rim of tissue that
is continuous with the dentine of the scale crown (Figures 22.8-22.10, 22.12). The
anterior portions of the rim around the pulp cavity anterior margin may be crenulated, and
extend anterior to the crown margin (Figure 22.1).

None of the thin sections of body scales show fine histological structure, and the
single, enlarged central vascular cavity had collapsed in all body and fin scales examined.

The ridged body and fin scales grade into a second scale type consisting of smooth-
crowned, overlapping, tear-drop shaped scales (Figures 21.1, and 21.2). None of the
patches of these smooth crowned scales that presently are available indicate which region of
the body is represented. These smooth scales are the same thickness as typical body and
fin scales, but fine ridges, if present, are restricted to the anterior margin of the crown. The
posterior margin of these smooth scales is smooth and not serrated as on typical body
scales. These smooth scales have a basal rim and pulp cavity that is identical to that of
typical fin and body scales.

Typical body scales also grade into thick, non-overlapping, irregular-shaped to
polygonal scales that may represent head scales (Figure 21.4-21.6). The edges of these
head(?) scales are ornamented with fine ridges that originate on the scale neck and are
restricted to the margin of the scale crown; most of the crown surface is smooth and may be
flat or slightly convex (Figure 21.4-21.6). Several of these head(?) scales are
asymmetrical, with an anterior(?) ridged edge and a smooth posterior (?) edge. These
asymmetrical scales have sinuous or straight ridges that extend further onto the scale crown
than do the ridges of typical polygonal head(?) scales. The posterior edge of these
transitional scales may be round, irregular, or form an acute point (Figure 21.5). The
smooth-edged portion overlaps adjacent scales (Figure 21.5), and these asymmetrical
scales are similar in morphology to the labial scales of Obtusacanthus corroconis.

In basal view, the pulp cavity of each head(?) and asymmetrical scale is approximately
the same shape as the scale crown. The pulp cavity of these scales is surrounded by a thin
rim of crown tissue that is crenulated. This rim of tissue presumably served as an
attachment to the skin. The pulp cavity of each head(?) and asymmetrical scale branches
into a complex vascular network that continues into the crown (Figure 23). None of these
scales show neck canals or basal tissue, and the crown is composed of mesodentine
(Figure 23). The composition of the trabecular tissue within the pulp cavity may also be
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Figure 23. Camera lucida drawings of thin sections of Arrapholepis valyalamia scales, 1-2)
sagittal sections, and 3-4) transverse sections through scales from the leading
edge of the caudal fin, S) a transverse section through a typical head scale; all
from UALVP 51699; scale bars = 100um.
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mesodentine, but preservation is poor, and the microstructure is difficult to determine with
any confidence. There is no evidence of areal or superpositional scale growth, and
therefore, individual scales of Arrapholepis valyalamia are formed from a single odontode.

REMARKS

The ormamentation of the body scales of Arrapholepis valyalamia superficially
resembles that on the scales of Apalolepis obruchevi and Apalolepis angelica (Karatajute-
Talimaa 1968, 1978, Blom and Goujet in press). However, the pulp cavities of all
Arrapholepis scales are surrounded by a thin, low, rhombic rim of crown tissue that may
be crenulated, and the crown ridges are fine, of similar height, parallel to the lateral edges
of the scale, and do not converge on the posterior apex of each scale. The complex,
trabecular, vascular core of the scales of A. valyalamia also differs from the simple pulp
cavities of thelodont scales.

The surface ornament of scales of the putative chondrichthyans Skamolepis fragilis
(Karatajute-Talimaa 1978, Turner 1991), and Polymerolepis whitei (Karatajute-Talimaa
1968, 1977) also is similar to that of body scales of Arrapholepis valyalamia. However,
the ridges on the scales of S. fragilis are coarse, and the ridges on P. whitei scales have a
fine nodular ornament, in contrast to the fine, closely-spaced, smooth ridges on body
scales of Arrapholepis.

The microstructure of the scales of Arrapholepis valyalamia, Ellesmereia schultzei
(Vieth 1980), and P. whitei (Karatajute-Talimaa 1968, 1977) is similar in that they lack
basal tissue in the basal opening of the pulp cavity, and all three have a thin, rhombic rim of
tissue surrounding the pulp cavity. In addition, the trabecular core of the head and fin
scales of Arrapholepis valyalamia is nearly identical to the corresponding scales of
Polymerolepis whitei (Karatajute-Talimaa 1968, 1977) and the head scales of another new
species from MOTH (this new species will be described below, see p. 94).

The external morphology of the head and transitional scales of Arrapholepis valyalamia
also is identical to corresponding scales of Polymerolepis whitei (Karatajute-Talimaa 1968,
1977), and another new species from MOTH (see p. 94), and the head scales of these three
species cannot be distinguished if found as isolated elements. The similar, complex
histological structure of these head scales may indicate relationship between Polymerolepis
whitei, Arrapholepis valyalamia, and the new species (see p. 94).

Unfortunately, little of the body of Arrapholepis valyalamia is known. The holotype
and one other specimen show that the species has a lobate anal fin and an anal fin spine, but
none of the specimens provide information on the remaining parts of the body. The anal
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fin and its fin spine are identical in shape with that of Polymerolepis whitei (see below),
providing further evidence suggesting relationship between these early fishes.

The scales of Arrapholepis valyalamia lack evidence for areal or superpositional
growth, and therefore, appear to be formed from individual odontodes. In past studies,
neck canals were used as a diagnostic character of chondrichthyan scales; however, scales
of Seretolepis elegans that lack developed necks, also lack neck canals, and scales of the
putative chondrichthyan Skamolepis fragilis (Karatajute-Talimaa 1978, Turner 1991) and
Areyongalepis oervigi (Young 1997a) also lack neck canals. Therefore, the absence of
neck canals should not prevent classification of Arrapholepis valyalamia with the other
putative chondrichthyans from MOTH.

Arrapholepis valyalamia is classified as a putative chondrichthyan based on the
similarity of its scale structure to those of Polymerolepis whitei (Karatajute-Talimaa 1968,
1977), Areyongalepis oervigi (Young 1997a, 2000), and Ellesmereia schultzei (Vieth
1980). Unfortunately, the few body fossils of Polymerolepis whitei (see below) and
Arrapholepis valyalamia show only the structure of the caudal and anal fins, and therefore,
there is insufficient material to include these fishes in the cladistic analysis that follows.

ORDER incertae sedis
FAMILY incertae sedis

Type Genus. Platylepis nov.
Diagnosis. As for the type and only species of the type genus.

GENUS Platylepis nov.

Diagnosis. As for Platylepis cummingi sp. nov., the only species known at present.

Etymology. Greek platys- broad, flat, wide; Greek lepis- scale, in reference to the flat
crowns of typical body scales.

Locality and Age. All known specimens are from the Early Devonian (Lochkovian) MOTH
locality, GSC 69014, section 43 of Gabrielse et al. (1973); the fish-bearing
horizon is between 430-435 m in the section (as measured in 1996); in dark,
grey, argillaceous limestone.
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Platylepis cummingi sp. nov.
Figures 24-27, 148, and 149.
Ellesmereia cf. E. schultzei scales, Hanke and Wilson (1997)

Diagnosis. A fish species with broad, depressed braincase; with two concentrations of
statoconia; teeth absent; braincase, jaws, gill arches, axial and appendicular
skeleton unossified; pectoral fin spines lacking; body scale crowns thin, flat
to slightly convex, and omamented with a central spindle-shaped crest with
a shallow axial trough; fine ridges parallel to central crest on anterolateral
parts of crowns of body scales; posterior edge of body scales smooth and
converge to trailing point; scales formed from single odontode; scales lack
basal tissue; pulp cavity of all scales shallow, broad, and fringed by
rhombic rim of crown tissue; pulp cavity branches into complex vascular
network in each scale; ornamented body scales cover posterior portions of
head; branchial chamber covered with smooth scales resembling body
scales, but lack central crest; ornamented body scales grade into smooth
crowned scales in position of leading edge of pectoral fin; head scales with
smooth, flat to convex crown with fine ridges around margin that continue
on scale neck; asymmetrical scales on side of head with concave crowns
with ridges on one side; ridges on asymmetrical head scales extend onto
posterior parts of crown, and can be straight or sinuous; posterior apex of
crown of asymmetrical head scales can be round, or an acute point.

Etymology. cummingi- a patronym honoring Mr. Jim Cumming, a high school physics
teacher, friend and fish enthusiast.

Holotype. UALVP 41498, the only known articulated specimen.

Referred specimens. UALVP 45331-45344.

Locality and Age. All specimens presently known are from the Early Devonian
(Lochkovian) MOTH locality, GSC 69014, section 43 of Gabrielse et al.
(1973); the fish-bearing horizon is between 430-435 m in the section (as

measured in 1996); in dark, grey, argillaceous limestone.
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DESCRIPTION

The holotype of Platylepis cummingi is a poorly preserved, slightly disrupted mass of
scales, extending from the rostrum, posterior to the level of the pectoral girdle (Figure 24).
The patchiness of the squamation prevents identification of the orbits, nostrils, the number
and location of the branchial openings, and the course of sensory lines. The jaws and
braincase are unossified and the position of the mouth cannot be determined; teeth are
absent. There are two concentrations of statoconia that indicate the position of the otic
portion of the braincase, and these are the only reliable landmarks to identify that the head
of the holotype is preserved (Figure 24). The patches of statoconia are well separated,
indicating that the fish is preserved as a dorsoventral compression. The body of Platylepis
cummingi may have been depressed in cross-section given the orientation of the fossil.

The branchial region is indicated by a constriction in the squamation posterior to the otic
part of the braincase (Figure 24). The posterior limit of the branchial chamber is indicated
by the position of smooth-crowned scales along the leading edge of the pectoral fin.
Pectoral fin spines are lacking. The axial, appendicular, and branchial skeleton is
unossified. The scales over the branchial region are displaced and give no indication of the
number of branchial openings.

Thick, round, to polygonal scales are found around the margin of the head, and these
scales have smooth crowns with crenulated, ridged margins (Figure 25.1). These head
scales are asymetrical in shape, and lack an obvious anteroposterior axis. The ridges that
ornament the side of the crown originate on the rim of tissue that surrounds the pulp cavity,
and are restricted to the margins of the crown. Most of the center of the crown of each
head scale is smooth, and may be convex, flat, or slightly concave (Figure 25.1). The pulp
cavity is surrounded by a thin, crenulated rim of crown tissue. In basal view, this rim of
crenulated tissue is the same shape as the scale crown. The pulp cavity branches into the
complex vascular network of the scale core (Figure 27). One head scale has fine pores that
perforate the scale neck, indicating that neck canals are present (Figure 26.6).

The thick head scales grade into asymmetrical scales along both sides of the head
(Figure 25.2). These asymmetrical scales have one ornamented edge, and a recognizable
anteroposterior axis. The ridges from the leading edge of each asymmetrical scale continue
onto the scale crown and follow a sinuous course (Figures 26.1-26.5). These ridges can
extend to the posterior margin of the scale; the posterior margin of these asymmetrical
scales can be round, or form an acute point. These asymmetrical scales only are found
along the side of the head (Figure 24, region 2), and may represent labial scales.

The occipital region of the head is covered with patches of thin, flat scales that are tear-
drop shaped in crown view (Figures 25.3-25.4). These scales overlap each other, and
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Figure 24. Platylepis cummingi, photograph of the holotype (UALVP 41489) as preserved
in dorsal? view including the head, branchial region and anterior parts of the
pectoral fin, numbers indicate locations for scales in Figure 25; scale bar = 1 cm.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



98

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



99

continue posteriorly on the body as far as is preserved on the type and only currently
known specimen. These body scales have a low, broad median crest with a shallow, broad
axial trough (Figures 26.7-26.15). The median crest is widest in the anterior third of the
scale crown and tapers to the posterior apex. The median crest is spindle, to lanceolate
shaped and is flanked by several fine lateral ridges that are evenly spaced and restricted to
the anterior half of each scale. These fine lateral ridges usually are covered by the posterior
portions of overlapping scales. The median crest and lateral ridges are better developed on
scales that are near the presumed position of the pectoral fin (Figure 24, region 4). Several
body scales near the position of the pectoral girdle have additional fine ridges along the
anterior margin within the trough of the median crest.

The pulp cavity of each body scale is large, shallow and surrounded by a rhombic rim
of crown tissue (Figures 26.16-26.17). The pulp cavity is positioned in the anterior third
of the scale crown and is deeper posteriorly, and the posterior margin of each body scale is
inclined to overlap the anterior margin of succeeding scales. The posterior apex of the
tissue that forms the rim of the pulp cavity continues posteriorly as a keel reinforcing the
underside of the posterior portion of the scale crown (Figure 26.16). The underside of the
posterolateral portions of the crown is smooth proximal to the pulp cavity rim, but can have
fine ridges along the posterior margin that converge towards the pulp cavity. Platylepis
cummingi body scales lack developed necks, and neck canals have not been identified in
any body scale specimens. Compound body scales are known for P. cummingi; the single
figured example shows two body scales that have fused to form a bilobed structure (Figure
26.18).

Smooth-crowned scales are positioned over the branchial chamber (Figures 24 region
5, and 25.5), and also reinforce the leading edge of the pectoral fin (Figures 24 region 6
and 26.6). These scales are similar in structure to body scales, but lack the median ridge
on the exterior of the crown.

The histological structure of head and transitional scales is complex. Most scales are
composed of a single odontode; there is no evidence in these typical scales of areal or
superpositional growth (Figures 271-27.2). As mentioned above, there is no ossified
lamellar basal tissue in the pulp cavity, and the shallow pulp cavity branches into a complex
vascular network that supplies the scale crown. The histological structure of the tissue
within the core of the scale cannot be determined in the thin sections however, the crown is
formed of orthodentine (Figures 27.1-27.2). The body scales also lack ossified lamellar
basal tissue and retain an open, shallow pulp cavity (Figures 27.3-27.4). The body scales
differ from the head scales in that they have a simple, single vascular chamber within the
crown (Figure 27.3). This vascular core collapses in the fossil specimens and is difficult to
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Figure 25. Platylepis cummingi, photographs of the squamation preserved on UALVP
41489, 1) scales from the rostrum, 2) asymmetrical transitional (labial?) scales,
3)-4) body scales, 5) smooth scales from the branchial chamber, 6) scales from
the leading edge of the pectoral fin; scale bars = 2 mm.
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Figure 26. Platylepis cummingi, SEM images of isolated scales from UALVP 41489, 1-5)
head scales in crown view, 6) head scale in side view, 7-15) body scales in
crown view, 16-17) body scales in basal view, 18) a compound body scale in
crown view; scale bars = 100 pm.
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Figure 27. Camera lucida drawings of Platylepis cummingi scale thin sections, 1-2) sagittal
section through a head scale, 3) a sagittal section through a typical body scale, 4)
a transverse section through a typical body scale, all from UALVP 41489; scale
bars = 100 um.
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identify in thin section. The crown of each body scale also is composed of orthodentine,
and mesodentine lines the pulp cavity.

REMARKS

The crowns of Platylepis cummingi scales superficially resemble those of several
thelodont species (Karatajute-Talimaa 1978, Turner 1973, 1986, 1997, Turner and Dring
1981, Mirss 1986a, 1996, Mairss and Ritchie 1998), although they are larger, have a neck
that may include neck canals, and have a complex vascular core. The head scales of P.
cummingi also superficially resemble Gomphonchus tesserae illustrated by Vieth (1980),
but lack evidence for the superpositional growth zones that are characteristic of acanthodian
scales.

The crown ornament of P. cummingi body scales is similar to that of the putative
chondrichthyan Ellesmereia schultzei (Vieth 1980), although P. cummingi body scales
differ in having weak ridges lateral to the median crest that are restricted to the anterior half
of the crown. The broad median crest on each body scale of P. cummingi has a shallow
axial trough, whereas the median crests of E. schultzei scales have a well-defined,
relatively deep axial trough surrounded by prominent ridges (Vieth 1980). In addition, the
scales of E. schultzei have elongate necks, and, therefore, are distinguished from scales of
P. cummingi.

The microstructure of the scales of E. schultzei, Platylepis cummingi, Polymerolepis
whitei (Karatajute-Talimaa 1977), Areyongalepis oervigi (Young 1997a, 2000), and
Arrapholepis valyalamia is similar in that the crown is composed of orthodentine and the
core of each scale contains a complex network of large vascular canals, branching from a
shallow, open pulp cavity. Platylepis cummingi is classified with the other putative
chondrichthyans from MOTH based on the similarity of its scale microstructure to that of
Polymerolepis whitei (Karatajute-Talimaa 1968, 1977), Areyongalepis oervigi (Young
1997a, 2000), and Ellesmereia schultzei (Vieth 1980).
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ORDER Polymerolepidiformes Karatajute-Talimaa 1968
FAMILY Polymerolepididac Karatajute-Talimaa 1968
GENUS Polymerolepis Karatajute-Talimaa 1968

Polymerolepis whitei Karatajute-Talimaa 1968
Figures 28-34, 143, and 149.

Examined specimens. UALVP 23154, 32419, 32442, 32436, 32465, 32578, 41385,
41486, 41551, 41572, 41684, 41685, 41706, 41707, 41793, 41966,
41969, 42057, 42080, 42188, 42543, 42657, 43936, 43937, 43938,
43940, 43946, 43988, 43989, 43990, 43991, 43992, 45015, 45174-
45203, 45271-45285.

DESCRIPTION

Polymerolepis whitei was described from isolated scales recovered from Ukraine
(Karatajute-Talimaa 1968), and the scales of this species have been identified from Nevada
(Turner and Murphy 1988), the Canadian Arctic (Vieth 1980, Langenstrassen and Schultze
1996), and the United Kingdom (Vergoossen 1999a, 2000); P. whitei scales are useful for
biostratigraphical correlations of lower to middle Lochkovian rocks (Vergoossen 1999a,
2000). The only articulated remains of P. whitei that are currently known come from the
MOTH locality.

The structure of the scales of P. whitei varies, but most scales share the characteristic
feature of fine nodular ornamentation of the crown ridges (Figures 28, 29, 31, 33, and
143). Typical Polymerolepis body scales are formed by the synchronous fusion of three or
more odontodes (Karatajute-Talimaa 1992, 1998); however, the scales that reinforce the
leading edges of fins and those scales that are assumed to be head scales show no partitions
and are assumed to develop from a single odontode. Large body scales result from the
fusion of up to six or seven odontodes (Karatajute-Talimaa 1998, figs. 6L and 7C).

Both isolated P. whitei scales and articulated P. whitei specimens are found in the
MOTH fish layer, and all of the scales that Karatajute-Talimaa (1968, 1977) assigned to P.
whitei are found on the articulated specimens from MOTH. In this species, the limits of
scale variation, now known from the articulated material, are accurately reflected in the
original samples of microremains, and the MOTH specimens serve to validate the original
species description (Karatajute-Talimaa 1968, 1977).
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Figure 28. Polymerolepis whitei, photographs of UALVP 41706, 1) a paich of rostral?
scales, 2) scales that appear transitional between rostral and head scales, 3) a
patch of labial? scales, 4) an isolated labial? scale, 5-6) scales transitional between
head and body scales in crown, and 7-8) basal views, scale bars = 2 mm.
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Figure 29. Photographs of Polymerolepis whitei scales, 1) a monodontode body scale, 2)
scales that appear transitional between monodontode and polyodontode body
scales, 3-7) body scales in crown, and 8) basal views, 1-6 from UALVP 41706,
7-8 form 32419; scale bars = 2 mm.
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Figure 30. Photographs of Polymerolepis whitei and Lupopsyrus pygmaeus, 1) the tail
of Lupopsyrus pygmaeus for comparison with the articulated remains of P.
whitei (UALVP 45015), 2) the articulated series of scales of the lower portions
of the caudal peduncle, the caudal fin and the anal fin, 1-6', and 1-6" refer to
scale regions illustrated in figures 31 and 32 respectively; scale bar = 1 cm.
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Most of the patches of P. whitei scales from MOTH are associations of jumbled,
closely packed scales, some patches in crown view, and others in basal view (Figures 28,
29). Several patches consist of closely spaced and overlapping body scales that give an
indication of the alignment of the scales in the skin of the fish (Figures 29.7, 29.8, 31, and
32). The most informative specimen collected to date consists of an articulated patch of
scales that represents part of the caudal peduncle, most of the epicercal heterocercal tail, and
all of the anal fin (Figure 30). There are no specimens that indicate the shape of the body
anterior to the caudal peduncle, although UALVP 41706 represents a scattered mass of
head scales that indicates the degree of scale variation that is possible on the head and on
the anterior parts of the body (Figure 28). There are no teeth, dorsal fin spines, or paired
fin spines associated with any known specimens of P. whitei, and in this respect,
specimens of P. whitei are similar to those of Platylepis cummingi.

The shape of the anal fin and most of the caudal fin of P. whitei, can be determined
from UALVP 45015 (Figure 30). This articulated specimen represents the largest, most
informative specimen of P. whitei collected to date, and indicates that P. whitei was a
rclatively large fish, perhaps as large as 50 cm in total length (estimated by comparison to
Lupopsyrus pygmaeus).

The anal fin of P. whitei is lobate, has a convex margin, overlaps the origin of the
hypochordal lobe of the caudal fin (Figure 30), and its leading edge is reinforced with a
short, smooth fin spine. This spine is not deeply inserted into the hypaxial musculature,
and has rotated such that the anterior edge is pressed into the underlying sediment. The
posterior portions of the spine are porous, and there appears to be a large basal opening that
continues along the posterior face of the spine. The exposed posterolateral margins of the
spine lack ridges or ribs, although there are smooth-topped, widely-spaced, asymmetrical
nodes along the length of the spine (Figure 31.3). The nodes that are on the proximal
portions of the spine are larger than those positioned distally. The distal tip of the anal fin
spine is blunt, and the spine is roughly one third the length of the anal fin web.

The epicercal caudal fin is large, has a well-developed hypochordal lobe, and is only
slightly deflected from the body axis (Figure 30). Unfortunately, most of the caudal fin
axis and the posterior tip of the caudal fin are missing. There is no evidence for the
presence of the lateral line on the preserved part of the caudal fin. The scales of the caudal
axis grade into typical scales of the caudal fin web, and therefore, it is difficult to determine
the position where the caudal axis and the fin web meet (Figure 30). The leading edge of
the hypochordal lobe of the caudal fin is straight and the trailing edge is concave.

Several of the scales on UALVP 41706 resemble head scales of Platylepis cummingi
and the putative head scales of Arrapholepis mackenziensis (Figures 28.1, 28.2). The head
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Figure 31. Photographs of Polymerolepis whitei (UALVP 45015), 1-2) articulated series
of typical body scales, 3) scales at the base of the anal fin spine, 4) scales mid-
way along the leading edge of the anal fin web, 5-6) scales from the base of the
hypochordal lobe of the caudal fin; all scale bars = 4 mm.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



116

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



117

scales of P. whitei have a flat to convex crown, with smooth, radiating ridges near the
crown margin (Karatajute-Talimaa 1977, text-fig. 3, no. 4-6). The marginal ridges may
bifurcate toward the edge of the crown. The crown of these head scales may be round,
asymmetrical, polygonal, or developed into a tear-drop shape (Figures 28.1, 28.2). The
striations on the margin of the crown continue onto the scale neck and contribute to the
crenulation of the neck margin. There is no subdivision of the crown that would indicate
that these are polyodontode scales, and I assume that these head scales are formed from a
single odontode. The head scales have low necks, and the pulp cavity is filled with the
trabecular dentine that forms the core of the pulp cavity (Figures 28.8, 34, 33.5). These
head scales lack lamellar basal tissue, and the pulp cavity is surrounded by the crenulated
rim of crown tissue (Figures 28.2, 34). The basal rim of each head scale is narrower than
the scale crown, and as a result, the basal rim is not visible in crown view (Figures 28.2,
33.1). The narrow base and wide crown results in a closely packed scale cover as seen in
Figure 28.2. The histological structure of these head scales is identical to that illustrated by
Karatajute-Talimaa (1977, text-fig. 4, no. 1-2, text-fig. §, no. 2, 4)(Figure 34).

The single scale patch that probably represents head scales of P. whitei (UALVP
41706) also has two concentrations of simple, upright, monodontode scales (Karatajute-
Talimaa 1977, pl. 3, figs. 1-3; 1998, figs. 6a, 6b and 7a) that resemble the labial scales of
Obtusacanthus corroconis and Platylepis cummingi (Figures 28.3, 28.4). The crowns of
each of these upright, putative labial scales are flat to concave, and are elevated towards the
crown apex. The lower side of each crown is ornamented with smooth, straight to
sinusoidal, thick ridges (Figures 28.3, 28.4) that converge on the elevated apex of the
crown. The necks of these labial scales are elongate, crenulated, and show neck canal
pores (Figure 28.4; Karatajute-Talimaa 1977, text-fig. 2, no. 1-2, text-fig. 3, no. 1-3, pl.
7, fig. 3; 1998, figs. 6a, 6b and 7a). The neck is attached to the anterior half of the crown,
and forms a crenulated cone that may be as wide or wider than the scale crown. These
putative labial scales are closely spaced, and the elevated apex of one overlaps the lower,
ridged side of neighboring scales (Figure 28.3). It is not possible, given the presently
available specimens, to determine whether these scales pointed towards the mouth as in O.
corroconis, or were from the upper, or lower jaw. The fact that only two patches of these
scales are found on UALVP 41706, and that these patches are separated by typical head
scales, provides support to the assumption that these scales are similar to the labial scales of
O. corroconis. In addition, the labial scales of Platylepis cummingi, Arrapholepis
valyalamia and Polymerolepis whitei have crowns with nearly identical morphology as the
labial scales of the extant shark Megachasma pelagios (Yano et al. 1997).
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Figure 32. Photographs of Polymerolepis whitei (UALVP 45015), 1) scales in side view,
near the distal tip of the anal fin web, 2) scales mid-way along the leading edge of
the hypochordal lobe of the caudal fin, 3) scales at the distal tip of the leading
edge of the caudal fin, 4) caudal fin web scales in crown, and 5-6) basal views;
all scale bars =4 mm.
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A third, transitional scale type is characterized by scales with crown ornament and
structure that is intermediate between typical head scales and that of body scales (Figures
28.5-28.8, 33.1-33.6). These scales form a gradational series between the typical smooth-
crowned, monodontode head scales and the ridged, mono- or polyodontode body scales.
The crown of each transitional scale is covered with ridges that extend from the margin to a
raised nub near the center of the crown (Karatajute-Talimaa 1968, pl. 4, fig. 1; 1977, text-
fig. 3, no. 7, 8-10; 1998, figs. 6C and E; Figures 28.5-28.8, 33.1-33.3). The location of
the raised nub varies. The nub on scales that resemble typical head scales is located near
the center of the crown (Figure 28.6), and is located near the margin of the scale,
presumably near the posterior edge, on transitional scales that resemble body scales (Figure
33.2). The raised nub elongates to form the median crest on the primordium of typical
body scales (Figures 29.3-29.7, 31.1, 31.2, 33.7-33.18). The ridges of the transitional
scales are ornamented with fine, raised nodes as on typical body scales, and the nodes on
each ridge are larger near the margin of the scale (Figures 28.6, 33.1, 33.3). The crowns
of these transitional scales are round, asymmetrical, polygonal, or developed into a tear-
drop shape. The neck of each scale is low, crenulated, and forms a rim around the pulp
cavity (Figures 28.7, 28.8). The pulp cavities of scales that are closer in morphology to
head scales are shallow (Figures 33.4, 33.5), whereas those scales that resemble body
scales have deep pulp cavities (Figure 28.7). The basal rim of the transitional scales is
narrower than the scale crown, such that the basal rim is not visible in crown view and
results in a closely packed scale cover (Figures 28.5, 28.6). The internal microstructure of
these transitional scales is identical to that of the head scales.

Most of the scale patches and isolated scales recovered from MOTH represent body
scales (Figure 29, 31.1, 31.2, 33.8-33.27). Polymerolepis body scales are large and can
be several millimeters in length. The scales of the body appear to be set in oblique rows
and although the crowns overlap, the bases of adjacent scales are widely spaced (Figures
29.7, 29.8, 31.1, 31.2). Most of the scales figured by Karatajute-Talimaa (1968, plate 4
figs. 2-5; 1977, plate 2, plate 3, figs. 12-22; 1998, fig. 6g and 6j-6n) are typical body
scales. Body scales have a large anteromedian odontode (scale primordium) and may have
up to seven accreted, leaf-like posterolateral odontodes (Figures 29, 33.8-33.24). The
structure of body scales was fully described by Karatajute-Talimaa (1968, 1977) and will
not be repeated here.

Several monodontode scales are associated with the typical polyodontode body scales
on UALVP 41706, and these may represent simple scales from the opercular flaps, or from
the leading edge of a dorsal or pectoral fin (Figures 29.1, 29.2, 33.7, 33.27). These
monodontode scales either have simple, tear-drop shaped crowns, or have crowns with a
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Figure 33. SEM images of isolated scales of Polymerolepis whitei recovered during
preparation of other UAL VP specimens, 1-3) head scales in crown view, 4-6)
head scales in basal view, 7) tear-drop shaped body? scale, 8-18) typical body
scales in crown view, 19-26) typical body scales in basal view, 27) a
monodontode body scale on basal view; 1) UALVP 45174, 2) UALVP 45175, 3)
UALVP 45176, 4) UALVP 45177, 5) UALVP 45178, 6) UALVP 45179, 7)
UALVP 45180, 8) UALVP 45181, 9) UALVP 45182, 10) UALVP 45183, 11)
UALVP 45184, 12) UALVP 45185, 13) UALVP 45186, 14) UALVP 45187,
15) UALVP 45188, 16) UALVP 45189, 17) UALVP 45190, 18) UALVP
45191, 19) UALVP 45192, 20) UALVP 45193, 21) UALVP 45194, 22)
UALVP 45195, 23) UALVP 45196, 24) UALVP 45197, 25) UALVP 45198,
26) UALVP 45199, 27) UALVP 45200; scale bars = 100pm.
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Figure 34. Camera lucida drawings of thin sections of Polymerolepis whitei scales, 1-3)
sections through typical head scales; UALVP 45201, UALVP 45202, and
UALVP 45203 respectively; scale bars = 100um.
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trilobate posterior margin, and have straight to sinusoidal ridges that are ornamented with
fine, well-spaced nodes. The basal rim of these monodontode scales is similar to that of
the typical body scales and is attached to the anterior third of the scale crown. Similar
scales were figured by Karatajute-Talimaa (1977, text-fig. 3, no. 12).

The thickened scales on the proximal portions of the leading edges of the caudal and
anal fins are approximately the same size as the body scales on the ventral surface of the
caudal peduncle (Figure 31). These fin scales differ, however, in that they are composed
of a single odontode and the crowns are convex (Figures 31.3-31.6) in comparison to the
flat crowns of typical body scales. In addition, the median crests of the fin scales are wide
and low, with a shallow, median trough, and the median crest is flanked by many heavy
ridges that converge towards the posterior apex of each scale (Figures 31.4, 31.5). The
median crest of these thick scales may extend anterior to the rest of the crown, forming a
weak, anteromedial lobe. The flat monodontode scales that are transitional between typical
body scales and these robust fin scales (Figure 31.6) have crowns with thin, low, median
crests, and lateral ridges that are more like those of body scales. The transitional scales
also have semrated posterior margins, and in this respect, also resemble typical body scales;
the posterolateral margins of the scales on the leading edges of the fins are smooth. All of
the scales of the leading edges of the fins and the transitional scales have low basal rim, a
broad, open pulp cavity, and lack lamellar basal tissue. Karatajute-Talimaa (1977, text-fig.
3, no's. 21-22, pl. 7, fig. 8 ; 1998, fig. 6m and 6n) recovered several of these transitional
scales and correctly assumed that they were associated with the fins of P. whitei.

The scales on the distal portions of the leading edges of the caudal and anal fins are
more slender than the scales near the fin base (Figures 32.1-32.3). The most obvious
feature on the crowns of these distal fin scales is the convex median crest that can be
smooth, or can have few, smooth ridges that pass from the lateral flanges onto the top of
the crest. These scales from the distal end of the leading edge of the fins are slightly
smaller than the scales at the fin base, and each has a low neck that forms a crenulated rim
around a broad, open pulp cavity (Figure 32.3). The crenulations on the basal rim are a
result of the basal extensions of the lateral ridges on the scale crown.

The scales that cover the remaining parts of the fin web are monodontode, and their
crown ornamentation resembles that of the primordium of typical body scales. These fin
scales are slender and have a high, narrow median crest with a thin, shallow, axial trough
(Figure 32.4). The median crest of the fin scales extends for most of the length of the scale
crown and is flanked on both sides by thin lateral flanges. The lateral flanges of each scale
have low, fine ridges in the anterior half, but are smooth posteriorly. The posterior margin
of the fin scales can be serrated, and extends posterior to the apex of the median crest.
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Each fin scale has a broad, pulp cavity, but there is no basal rim or neck tissue present
(Figures 32.5, 32.6). The underside of the lateral flanges of each scale is smooth and
overlaps the anterior margin of adjacent scales (Figures 32.4, 32.5). These fin scales were
not identified in the samples of microremains from Ukraine.

Polymerolepis scales are very abundant in the MOTH fish layer rocks. Examples of
isolated scales taken during the preparation of other fishes is presented in Figure 33. These
represent most of the scale types mentioned above with the exception of the scales on the
fin leading edges and the fin webs, and the labial scales. These scales are presented to
demonstrate additional variation in shape that is possible for scales of P. whitei.

Histological sections were prepared from isolated head and body scales.
Unfortunately, the body scales sampled had poorly preserved internal structure, as did
those mentioned in the original description of P. whitei (Karatajute-Talimaa 1968, fig. 3),
and do not show any histological structure. The thicker head and labial scales showed
histological structure (Figure 34) that is identical to what was described by Karatajute-
Talimaa (1977, text-fig. 4; 1998, fig. 8) for the isolated scales recovered from Ukraine.
The trabecular layer in the core of the scales does not show fine details, but the crown of
each head scale is composed of weakly branching orthodentine tubules. There is no
lamellar basal tissue in any Polymerolepis scales.

REMARKS

The head, body and fin scales of Arrapholepis valyalamia are similar to the
monodontode scales of Polymerolepis whitei. In addition, P. whitei and A. valyalamia
have an anal fin spine, and an anal fin with an identical shape and position relative to the
caudal fin. This similarity may indicate a phylogenetic relationship between these two
species, although, additional information on the rest of the body of each species is needed
before their relationships can be assessed with more confidence.

Platylepis cummingi also has similar head scales to both A. valyalamia and
Polymerolepis whitei. Given that many thelodonts and sharks have head scales with
similar external structure, the head scale resemblance between the three species at MOTH is
not surprising. The structure of the head scales likely has a hydrodynamic function, rather
than being useful as a phylogenetic characteristic, and would be subject to convergent
evolution in fishes with micromeric scales and an active, pelagic lifestyle. The complex
histological structure of the head scales serves as evidence indicating a potential relationship
between P. cummingi, Polymerolepis whitei and A. valyalamia.

The scales of Polymerolepis whitei may, or may not have elongate necks and neck
canals. The fin scales of Polymerolepis whitei lack necks, and the scales from the leading
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edges of fins and from the head have low necks that lack neck canals. The labial scales and
typical body scales have elongate, developed necks, and, therefore, also have neck canals
(Karatajute-Talimaa 1977). The variability in the presence of the neck on scales within a
single species, and consequently, the development of neck canals limits the use of presence
or absence of neck canals alone as indication of chondrichthyan relationships. Neck canals
have not been identified in all scales of Seretolepis elegans (Karatajute-Talimaa 1997b), and
are not known in any of the scales of Skamolepis fragilis (Karatajute-Talimaa 1978, Turner
1991) and Areyongalepis oervigi (Young 1997a), although these fishes still are considered
to be putative chondrichthyans based on scale morphology.

The anal fin of Polymerolepis whitei and Arrapholepis valyalamia is reinforced with a
short fin spine, as with most of the putative chondrichthyans from MOTH for which the
appropriate information is known (see Lupopsyroides macracanthus, Obtusacanthus
corroconis, Aethelamia elusa, Kathemacanthus rosulentus and Seretolepis elegans). The
anal fin spine was used as one characteristic supporting the monophyly of acanthodian
fishes (Denison 1979, Maisey 1986), but now must be considered characteristic of a larger
group of jawed fishes. The other characteristic that supported the monophyly of
acanthodians, the pelvic fin spines (Denison 1979, Maisey 1986), also is seen in
Lupopsyroides macracanthus, Obtusacanthus corroconis, Kathemacanthus rosulentus and
Seretolepis elegans, and remains to be determined for other putative chondrichthyans from
MOTH.

ORDER incertae sedis
FAMILY Altholepididae nov.

Diagnosis. Fishes with body scales with odontodes accreted in relatively straight,
transverse rows; flat to concave mass of lamellar basal tissue present in
scales; polyodontode crown rim forms cone of tissue around basal tissue of
scales; basal tissue of scales can be cellular; traces of Sharpey's fibers can
be present in scale basal tissue; scale crowns of orthodentine; simple or
branching pulp cavities present scale odontodes; scale basal tissue with
basal vascular canals; neck canals can be present in scales.

Type Genus. Altholepis Karatajute-Talimaa 1997b
Referred Genera. Iberolepis and Ivanelepis

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



128

REMARKS

In this classification, Iberolepis, and Ivanelepis species are placed in the family based
on scale similarities discussed by Karatajute-Talimaa (1992). The scales of Iberolepis
aragonensis (Mader 1986, fig. 17a) show a similar growth pattern as Altholepis scales, in
that they have flat to concave mass of lamellar basal tissue, and have similar crown growth
characteristics. /berolepis aragonensis scales differ from those of Altholepis species in that
the crown appears to be composed of a single row of odontodes. The median crest of each
odontode in the scales of /. aragonensis is partly overgrown by adjacent crests, and is not
as obvious as are crests of Altholepis scales. Karatajute-Talimaa (1992, 1997b) also notes
these differences in the crown ornament, although she considered that the internal
microstructure and scale growth characteristics were more informative and indicated a
relationship between /. aragonensis and Altholepis species. Articulated specimens are
needed to better understand the phylogenetic relationships of /. aragonensis .

The scales of Ivanelepis costulata (Karatajute-Talimaa 1997b) have an internal
microstructure that is similar to that of A. composita scales; however, the pulp cavities of
each odontode in the scales of /. costulata are branched, and this seems to be the only
internal feature available to distinguish the two genera and/or species. The crowns of /.
costulata scales also differ in comparison to those of Altholepis species in that they have a
single, enlarged primordium that forms an elongate axial crest, to which up to three rows of
paired, smaller odontodes are attached (Karatajute-Talimaa 1997b). Articulated specimens
are needed to better understand the phylogenetic relationships of /. costulata .

The crowns of the scales of Altholepis composita superficially resemble scales of
several Paleozoic chondrichthyans or putative chondrichthyans. The other categories of
growing scales, the Protacrodus-type (including the scales of Ohiolepis, Orodus,
Pamyrolepis, Cladolepis, Maplemillia, Hercynolepis, Holmesella, and Protactodus
species), the Seretolepis-type (including Seretolepis, Kathemacanthus, and possibly
Knerialepis), and the Ctenacanthus-type (including Niualepis, Arauzia, and the scales of
ctenacanth and hybodont sharks), all can be differentiated from Altholepis scales based on
crown growth and/or basal characteristics.

Altholepis scales are similar to those of the Protacrodus-scale type in that both have a
mass of basal tissue that fills the cavity created by the scale necks; however, these two scale
types differ in that Altholepis scales have a flat to concave mass of basal tissue that may be
perforated with basal vascular canals. Protacrodus-type scales have a tumid mass of basal
tissue that lacks basal vascular canals, and, therefore, the vascular supply is restricted to
neck canals and radial canals that connect each of the accreted odontodes (see for examples:
Orodus greggi (Zangerl 1981); Holmesella (@rvig 1966); Protacrodus vetustus (Gross
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1938); Maplemillia costata, Ohiolepis newberryi, Protacrodus wellsi, Cladolepis gunnelli,
and Hercynolepis meischneri (Gross 1973). In addition, crowns of the Protacrodus-type
scales are complex, and lack the odontode rows that are characteristic of all Altholepis
scales.

GENUS Altholepis Karatajute-Talimaa 1997b

Revised Diagnosis. Fishes with Altholepis-type scale growth form with three to four well-
defined rows of accreted odontodes; second odontode row forming widest
part of each scale; scale primordium small and restricted to second odontode
row; scale odontodes with simple, enlarged pulp cavities; with slender or
stout median fin spines; fin spines with prominent to indistinct nodular
omament; fin spines with well-spaced ribs; two dorsal fins present; pectoral
fin spines present; two rows of up to seven closely spaced prepelvic spines
can be present; fin spines with shallow insertion.

REMARKS

The amended diagnosis of the genus Altholepis is intended to combine the scale-based
information provided by Karatajute-Talimaa (1997b) and the new information on scale and
body morphology as can be determined from the specimens from MOTH. At present, none
of the Altholepis specimens are complete, and as a result, the diagnosis is limited to the few
features that can be observed on the three articulated Altholepis specimens.

The genus Altholepis first was mentioned by Karatajute-Talimaa (1992), and was
formally diagnosed by Karatajute-Talimaa (1997b), with the description of Altholepis
composita. The type specimen for A. composita is a single scale, No. 5-907 (Institute of
Geology, Lithuania)(Karatajute-Talimaa 1997b). The holotype and No. 5-906 (Institute of
Geology, Lithuania) are identical to scales found on University of Alberta specimen
UALVP 41483 (Figure 35), and, therefore, UALVP 41483 represents the only articulated
material of A. composita known to date.

Karatajute-Talimaa (1997b) figured other scales (No. 5-902, 5-903, 5-905 and 5-908,
Institute of Geology, Lithuania) that differed slightly from the holotype of A. composita,
and these scales were used to indicate variability in the species. These additional scales
(No. 5-902, 5-903, 5-90S and 5-908, Institute of Geology, Lithuania) are similar to those
of UALVP 41485 (Figure 39), and are not found on UALVP 41483. The two scale forms
at present appear mutually exclusive, and, therefore, a second species is described below to
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account for scales taken from Ukraine (No. 5-902, 5-903, 5-905 and 5-908, Institute of
Geology, Lithuania), the articulated remains of UALVP 41485, and many of the isolated
Altholepis scales from the MOTH fish layer. A re-examination of the 80+ Altholepis scales
in the Institute of Geology, Lithuania is required.

The Cladolepis scales figured by Derycke (1992) have concave bases and two rows of
odontodes and in these respects, closely resemble scales of Altholepis. If the scales
illustrated by Derycke (1992) are Altholepis scales, then they will represent the first record
from the Upper Devonian.

Vergoossen (1999a) provided a reexamination of the scales of "Nostolepis" robusta
based on well-preserved material taken from the Welsh Borderlands and South Wales. The
material used in the original species description was abraded, and as such, the fine details
of the external ornament were obscured (Vergoossen 1999a). The well-preserved scales of
"Nostolepis" robusta that Vergoossen described are similar to body scales of Altholepis
composita in that they show areal accretion and alignment of odontodes, and the basal
ussue of the scales is concave and perforated by basal vascular canals. A re-examination of
the scales of "N." robusta is needed to confirm whether "N." robusta should reclassified as
an Altholepis species. The records of "N." robusta from the Welsh Borderlands and South
Wales may provide valuable evidence for biostratigraphic comparisons to the Lower
Devonian fish layer at MOTH.

Altholepis composita Karatajute-Talimaa 1997b
Figures 35-36, 141.

Referred Specimens. No. 5-907 (holotype) and No. 5-906 (Institute of Geology,
Lithuania), UALVP 41483, 45214-45255

DESCRIPTION

The single articulated specimen of A. composita consists of a patch of body scales
associated with a median fin spine. The fin spine supports a fin web with a convex trailing
margin (Figure 35). The body scales on UALVP 41483 are identical to the holotype of A.
composita (No. 5-907, Institute of Geology, Lithuania; Figures 35.2, 35.3, 35.5, 35.8)
illustrated by Karatajute-Talimaa (1997b). The thin-sections that were prepared from
UALVP 41483 show identical structure to the scale (No. 1166) that was illustrated in
horizontal section by Karatajute-Talimaa (1997b, fig. 4b; Figure 36).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Figure 35. Photographs of Altholepis composita, 1) the single articulated specimen
(UALVP 41483) composed of a median fin spine and body scales, scale bar = |
cm; 2) detail of body scales near the insertion of the fin spine, all scales in crown
view, scale bar = 2 mm; 3) detail of body scales near the insertion of the fin
spine, scales in crown and basal view, scale bar = 2 mm; 4) detail of scales from
the fin web, all scales in crown view, scale bar = 2 mm; 5-7) individual body
scales in crown view, 8) body scale in basal view, and 9) an enlarged body scale
from anterior to the fin spine insertion, scale bars for 5-9 = 100 um.
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Figure 36. Camera lucida drawings of thin sections of Altholepis composita scales, 1-3)
sagittal sections, 4) a transverse section, and 5) horizontal section through typical
body scales taken from UALVP 41483; scale bars = 100um.
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The fin spine of A. composita has a shallow insertion into the body wall, and was held
at a low angle to the body (Figure 35.1). Nine robust ribs ornament the sides of the fin
spine, and these ribs converge for most of the length of the spine on the rib that reinforces
the leading edge. The ribs decrease in thickness posteriorly, and each rib is omamented
with raised, rhombic nodes. The nodes that ornament the posterior ribs have fine striations
that are parallel to the body axis rather than to the axis of the fin spine. The ribs and
associated nodes decrease in thickness towards the distal tip of the spine (Figure 35.1).
The fin spine on UALVP 41483 is crushed, indicating that it has an enlarged central cavity
and may have been triangular in cross-section. The size of the basal opening cannot be
determined because of scale cover, but it likely extended up the posterior face, for a portion
of the length of the spine. The posterior edge of the spine lacks tubercles.

Scales on UALVP 41483 are large, closely packed, with low necks, have ossified basal
tissue, and high, stiphronal, cyclomorial polyodontode crowns with orthodentine
histological structure (Figure 36). The crown of each body scale is composed of three
rows of odontodes that combine to form a conical rim surrounding the basal tissue (Figures
35.2, 35.5-35.7). Each odontode is composed of an elongate, low crest with a shallow
axial trough. This axial trough is flanked by fine, smooth flanges that form a connection to
adjacent odontodes.

Odontodes in each row are fused to laterally adjacent odontodes by the flanges of tissue
that flank each median crest (Figures 35.5-35.7). The flange gives the appearance of a
plate-like structure or shelf that unites each row. The number of odontodes in each row is
identified by the number of crests.

Each odontode has a large pulp cavity that extends into the crown (Karatajute-Talimaa
1997b; Figure 36). The orthodentine tubules of the crown tissue extend horizontally from
the pulp cavity and continue in parallel along the sides of each odontode; they radiate
centripetally in the top of the crown (Figure 36). The pattern of the horizontal dentine
tubules resembles that of the oriented dentine in acanthodians (Valiukevicius 1998).

There are up to three odontodes fused together in the anteriormost odontode row.
These odontodes are short, asymmetrical, have blunt posterior tips, and slightly overlap the
second row of odontodes (Figures 35.5-35.7). The odontodes of the anterior row may not
be aligned and may partially overlap each other. In many body scales, the median
odontode in the first row is fused to the median odontode of the second row.

The odontodes in the main (second) row have the largest crests in an individual scale
but the crests of odontodes, which are distal to the scale primordium, decrease in size
towards the edge of the scale (Figures 35.5-35.7). The median odontode of the second
row is the largest odontode on each scale (Figure 36.1-36.3, 36.5), is considered to be the
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scale primordium, and is the focus for subsequent odontode accretion (V. Karatajute-
Talimaa, pers comm. 1997). The second row of odontodes consists of a continuous band
of crests that forms the widest part of each scale. As many as nine odontodes may be
joined to form the second row.

The third, or posterior row, contains up to three odontodes. The lateral flanges that
join odontodes in the third row are larger than the odontode crests and extend from the
lateral edges of crests to form a spatulate-shaped shelf (Figure 35.5).

The neck is developed as a slight constriction below the omamented crown surface, and
then flares to form a rim around the pulp cavity and the basal tissue of each scale (Figures
36.1, 36.4). The basal rim is rhombic in ventral view (Figure 35.8) and is narrower than
the crown. The basal rim is not visible in crown view and scale crowns are closely packed
(Figures 35.2, 35.3). Neck canals have been identified in the Ukrainian specimens
(Karatajute-Talimaa 1997b) but not in the MOTH material.

The basal tissue is deposited within the pulp cavity enclosed by the basal rim. This
basal tissue forms a flat to concave mass within the neck rim, and the basal tissue is
perforated by one to five, narrow vascular canals (Figures 35.3, 36.1, 36.3-36.4). The
vascular canal position is not consistent among scales. Karatajute-Talimaa (1997b) stated
that the basal tissue of A. composita was acellular, with growth layers, and few traces of
Sharpey's fibers visible in younger, most recently deposited, basal tissue. The MOTH A.
composita scales show cavities in the basal tissue, indicating that the basal tissue was
cellular, but better thin-sections are needed to confirm this observation (Figure 36).

There does not appear to be any difference in the size or morphology in the few body
scales preserved on UALVP 41483 (Figures 35.1-35.3); however, large asymmetrical
scales are found anterior to the fin spine base (Figure 35.9). These asymmetrical scales
also have three rows of odontodes, but the rows are not as clearly defined as in typical
body scales.

Body scales grade into the smaller, narrow scales on the fin web (Figure 35.4). The
fin web is broad-based, and has a convex trailing margin. Fin scales are thin and the crests
of each odontode form narrow, blade-like ridges that lack a median trough (Figure 35.4).
Fin scales are aligned in rows that are parallel to the posterior edge of the fin spine, and
scales decrease in size toward the fin margin. The odontode crests on the fin scales are
oriented at an acute angle to the body axis, rather than to the fin spine axis.

REMARKS

The nodular ornament that is found on the fin spine of Altholepis composita is
considered a primitive trait for climatiiform acanthodians (Watson 1937, Miles 1973a,
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Denison 1979, Janvier 1996a, Warren et al. 2000), and also is present on dorsal fin spines
of Paleozoic and Mesozoic sharks (Zangerl 1981, Cappetta 1987, Derycke 1992), the
dorsal and pectoral(?) fin spines of Antarctilamna prisca (Young 1982, 2000), the pectoral
fin spine of a second Altholepis species (described below), and the fin spines of Seretolepis
elegans (see below).

Karatajute-Talimaa (1997b) assigned Altholepis composita to the Elasmobranchii based
only on scale microstructure and growth pattern. The scale-based classification is not
considered reliable from what now is known about the body morphology of other putative
chondrichthyans from MOTH. In this thesis, Altholepis also will be considered a putative
chondrichthyan and its relationships to other fishes will be discussed relative to the cladistic
analyses that follow.

Zhu (1998) identified histological criteria that he believed differentiated the fin spines of
acanthodians and chondrichthyans, but unfortunately, the sinacanth spines that he studied
were found as isolated elements and cannot conclusively be assigned to either the
Acanthodii or Chondrichthyes. In addition, many fin spines are found as isolated
elements, and classified as remains of acanthodians or putative chondrichthyans (Denison
1979, Zangerl 1981), even though there is little agreement among researchers on the
features that distinguish acanthodian and chondrichthyan spines. Much of what is known
about Paleozoic chondrichthyan and acanthodian fin spines is based on isolated remains,
and a study of fin spine microstructure from articulated specimens is necessary to
determine, if any, the characteristics that will differentiate the earliest acanthodian and
chondrichthyan fin spines.

The fin spine preserved on UALVP 41483 appears symmetrical, and likely represents a
median fin spine, although the spine lacks a developed insertion area, and in this respect, is
unlike the dorsal fin spines of many elasmobranchs and holocephalians (Dick 1978, 1981,
Dick and Maisey 1980, Zangerl 1981, Young 1982, Cappetta 1987, Maisey 1989, Stahl
1999). Median fin spines with developed insertion areas also are considered to be a
derived feature of some acanthodian species (Watson 1937, Miles 1973a, Denison 1979,
Gagnier 1996). Only three of the putative chondrichthyans from MOTH (Kathemacanthus
rosulentus, Seretolepis elegans, and a new form see p. 158) have median fin spines with
developed insertion areas, and the rest (Lupopsyroides macracanthus, Obtusacanthus
corroconis, Arrapholepis valyalamia, Polymerolepis whitei, and both new Altholepis
species) have spines that are shallowly set into the skin. The lack of an insertion area in
this particular A. composita fin spine likely represents a primitive condition when compared
to spines of Late Paleozoic, Mesozoic, and Recent sharks, and the condition in primitive
acanthodians.
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Altholepis davisi n. sp.
Figures 37-38.
cf. Cladolepis sp. Hanke and Wilson 1997

Diagnosis. Altholepis with low crowned scales; odontodes in three rows, second row
includes scale primordium and is widest part of each scale; median crest of
each odontode with shallow axial trough and weak lateral flanges; odontode
crests smooth, diverging posteriorly; scales with low neck surrounding
small mass of basal tissue; basal tissue mass flat and rhombic; anterior
portions of neck and basal tissue extend anterior to crown margin; crown
overhangs posterior of base; vascular canals perforate basal tissue; gently
curved median fin spine present with thin, equally sized ribs; fin spine ribs
with low, elongate nodes proximally, and smooth distally; smaller more
numerous spine ribs on proximal third of spine; spine ribs merge to form
robust ribs distally.

Etymology. davisi- A patronym to honor Samuel P. Davis, a Ph.D. student working on
gnathostome relationships at the University College of London.

Holotype. UALVP 41498, specimen preserved in lateral view, including a median fin spine
and few associated scales.

Locality and Age. All specimens presently known are from the Early Devonian
(Lochkovian) MOTH locality, GSC 69014, section 43 of Gabrielse et al.
(1973); the fish-bearing horizon is between 430-435 m in the section (as
measured in 1996); in dark, grey, argillaceous limestone.

DESCRIPTION

Only one specimen has been collected to date (Figure 37.1). This specimen consists of
a thin elongate, gently curved fin spine associated with a portion of a fin membrane and a
small patch of body scales. The spine is symmetrical, suggesting that it represents a
median fin spine.

Most scales that are present are body scales, and these are larger than the few fin scales
trailing the proximal portion of the fin spine (Figures 37.2-37.5). All scales on the
holotype are thin, cyclomorial, stiphronal polyodontia, and each odontode in the complex
has a low axial crest. The crown of the entire scale is ormamented with many crests
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Figure 37. Photographs of Altholepis davisi, 1) the holotype (UALVP 41498) composed
of a median fin spine and body scales, scale bar = 1 cm; 2-3) detail of body scales
near the insertion of the fin spine and scales at the base of the fin web, scales in
crown and basal view; scale bars = 2 mm, 4-5) detail of body scales posterior to
the insertion of the fin spine, scales in crown view, scale bars = 2 mm; 6-13)
SEM images of individual body scales in crown view, scale bars = 100 pm.
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Figure 38. Camera lucida drawings of thin sections of Altholepis davisi scales, 1-2)
sagittal sections, and 3-4) transverse sections through typical body scales taken
from UALVP 41498; scale bars = 100 pm.
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(odontodes), and the odontocomplex is attached to a common, flat base (Figures 37.2-
37.13). The odontode crests have a narrow axial trough that is outlined by thin, smooth
ridges, and a narrow lateral flange extends from the base of each odontode to contact
laterally adjacent odontodes. The crests of all odontodes diverge posteriorly from the
midline of the scale (Figures 37.6-37.13).

There are three rows of odontodes preserved on each body scale of A. davisi (Figures
37.6-37.13). There are up to four odontodes in the anterior (first row), and these
odontodes have low crowns that recline over the leading edge of the second odontode row.
Narrow flanges connect adjacent odontodes in the first row, near the scale base, and the
odontodes are free posteriorly. Five to seven odontodes are present in the second, or main
row, including the largest odontodes on each scale (Figures 37.6-37.13). The odontodes
of the main row are elongate and overhang the leading edge of the posterior odontode row.
The main row forms the widest part of each scale. Adjacent odontodes in the main row are
attached for much of their length, but the posterior tips are free and overhang the posterior
odontode row. Up to four odontodes complete the posterior row, and these resemble
smaller versions of the odontodes from the main row. The lateral flanges of adjacent
odontodes in the posterior row are joined, giving the appearance of a leaf-like structure
(Figures 37.10-37.11).

Scale bases are exposed on a patch of scales below