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Abstract
Acanthodians may represent a paraphyletic assemblage of stem chondrichthyans, stem osteichthyans,
stem gnathostomes, or some combination of the three. One of the difficulties in determining
the phylogenetic affinities of this group of mostly small, spiny fishes is that several subgroups of acan-
thodians are represented by relatively little information in the fossil record. It is becoming increas-
ingly apparent that to understand the evolution of gnathostomes, we must understand more about
acanthodians. This study uses micro-computed tomography to test hypotheses about acanthodian
jaw function, and in doing so provides insight into the form, function, and ecological role of ischna-
canthiform acanthodian jaws and teeth from an extraordinary Early Devonian fossil locality in the
Northwest Territories of Canada. The results of this study suggest that ischnacanthiform acantho-
dians may have coexisted by trophic niche differentiation, employing specialized feeding strategies
during the Silurian and Early Devonian.
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Introduction
Acanthodians were generally small, spiny fishes that are represented in the fossil record from the
Early Silurian (Hanke et al. 2001b; Karatajute-Talimaa and Smith 2002; Burrow 2003) to the
Permian (Denison 1979) by mostly disarticulated scales, fin spines, and teeth. Several phylogenetic
analyses have suggested that acanthodians as a group most likely represent a paraphyletic assemblage
of stem chondrichthyans (Brazeau 2009; Davis et al. 2012; Zhu et al. 2013; Giles et al. 2015; Long et al.
2015b; Burrow et al. 2016). It has become increasingly clear that understanding acanthodians is inte-
gral to our understanding of early gnathostome phylogenetic relationships, and that conditions in
acanthodians may reflect the primitive conditions for at least some crown group gnathostomes.

Compounding the problem of acanthodian interrelationships is a relative dearth of fossil material and
lack of comparable characters among acanthodians and between acanthodians and other gnatho-
stome groups. Articulated acanthodian specimens are rare, particularly ischnacanthiform acantho-
dians (Valiukevičius 1992; Burrow 2004; Burrow and Rudkin 2014). The vast majority of
ischnacanthiform acanthodian specimens are disarticulated dermal tooth-bearing elements referred
to as dentigerous jaw bones (Long 1986; Hanke et al. 2001b; Burrow 2004, 2007; Hairapetian et al.
2006; Voichyshyn and Szaniawski 2012). These dentigerous jaw bones are often isolated and disar-
ticulated, and often represent the only source of information upon which to base diagnosis and

OPEN ACCESS

Citation: Blais SA. 2017. Precise occlusion
and trophic niche differentiation indicate
specialized feeding in Early Devonian jawed
vertebrates. FACETS 2: 513–530.
doi:10.1139/facets-2016-0030

Editor: David C. Evans

Received: June 20, 2016

Accepted: May 15, 2017

Published: June 20, 2017

Copyright: © 2017 Blais. This work is
licensed under a Creative Commons
Attribution 4.0 International License (CC BY
4.0), which permits unrestricted use,
distribution, and reproduction in any
medium, provided the original author(s) and
source are credited.

Published by: Canadian Science Publishing

RESEARCH ARTICLE

FACETS | 2017 | 2: 513–530 | DOI: 10.1139/facets-2016-0030 513
facetsjournal.com

FA
C

E
T

S 
D

ow
nl

oa
de

d 
fr

om
 w

w
w

.f
ac

et
sj

ou
rn

al
.c

om
 b

y 
18

.1
91

.1
02

.1
12

 o
n 

05
/0

9/
24

mailto:Stephanie.Blais@ualberta.ca
http://dx.doi.org/10.1139/facets-2016-0030
http://creativecommons.org/licenses/by/4.0/deed.en_GB
http://creativecommons.org/licenses/by/4.0/deed.en_GB
http://dx.doi.org/10.1139/facets-2016-0030
http://www.facetsjournal.com


description of new species. Although the dentition is used to describe and differentiate new ischna-
canthiform species, few studies have focussed on comparing dental characters among gnathostome
groups, or attempting to use the dentition to provide insight into ischnacanthiform acanthodian ecol-
ogy or biological role. As a result, we understand relatively little about how ischnacanthiform acan-
thodians interacted with each other or the other organisms inhabiting their environment.

Feeding mechanisms in extant fishes are often highly variable among species, and jaws and teeth pro-
vide valuable information about their ecological and biological roles (Darras 2012; Bellwood et al.
2014; Gibson 2015). Despite the relatively poor fossil record, paleontologists have made attempts to
characterize jaw occlusion and feeding mechanics in ischnacanthiform acanthodians. The eminent
paleohistologist Tor Ørvig, in his work on acanthodian dentitions (Ørvig 1973), described the jaw
occlusion in ischnacanthiforms as interlocking, with the tooth cusps on one jaw bone coming into
contact with the inter-tooth pit on the medial side of the opposing jaw bone. Ørvig (1973) suggested
that this type of occlusion also explained the type of tooth wear exhibited in ischnacanthiforms, in
which the posteriormost teeth were worn down to “stumps” by striking against this opposing inter-
tooth pit.

Burrow (2004), in her review of acanthodians with dentigerous jaw bones, suggested that the jaws of
Silurian–Early Devonian ischnacanthiforms occluded in a dorsoventral cog-like action, and agreed
with Ørvig’s (1973) interpretation of the tooth wear. According to these interpretations, the teeth were
blunted by occluding with the inter-tooth pit of the opposing jaw bone. The older, posteriormost teeth
were thus worn down from this contact, explaining why the posterior teeth of most ischnacanthiform
acanthodians are short and blunt, as opposed to the longer, more fang-like teeth at the anterior end of
the jaw bones. The jaws of Middle–Late Devonian forms, according to Burrow (2004), occluded in a
more complex shearing action that sharpened, rather than blunted, the teeth. The later ischnacanthi-
forms were interpreted to employ more sophisticated feeding strategies than their Silurian–Early
Devonian predecessors. These studies were based on observations of isolated dentigerous jaw bones,
and the majority of these had been taphonomically distorted and flattened. In this study, I use well-
preserved fossils from the Northwest Territories of Canada to reconstruct ischnacanthiform acantho-
dian jaws to attempt to provide insight into their life position and occlusion.

Fossils from the Early Devonian Man On The Hill (MOTH) locality are extraordinarily well-
preserved. In addition to many agnathan taxa, acanthodians and stem chondrichthyans have been
recovered (Bernacsek and Dineley 1977; Gagnier et al. 1999; Hanke et al. 2001a, 2001b; Hanke
2002; Hanke and Wilson 2004, 2006; Blais et al. 2011, 2015; Scott and Wilson 2012), including nearly
complete articulated specimens of ischnacanthiform acanthodians (Fig. 1). Specimens of ischnacan-
thiform acanthodians from MOTH, when articulated, are commonly preserved with their mouths
tightly closed and the lateral surfaces of their jaws either exposed or covered by superimposed scales.
When the teeth are visible, they appear to occlude in a tightly interlocking fashion, with each tooth
cusp medial to, and hidden from view by, the lateral anteroposterior flanges of the opposing teeth
(Figs. 1B, 1C).

In addition to articulated specimens, disarticulated ischnacanthiform jaws are also relatively abundant
at the MOTH locality (Fig. 2). Some of these are preserved with their associated mineralized carti-
lages, allowing them to be readily identifiable as upper or lower jaws. In addition, several specimens
have been recovered comprising articulated pairs of upper and lower jaws, with their associated
cartilages.

These articulated jaws offer an opportunity to accurately reconstruct the occlusion of the jaws and
teeth and to indirectly test hypotheses about the possible ecology of these animals. Based on the rela-
tionship between species coexistence and trophic niche partitioning in analogous extant and extinct
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taxa (Purnell et al. 2006, 2012; Polačik et al. 2014; Knickle and Rose 2014), such closely related coex-
isting animals as have been described from the MOTH locality would be expected to have exploited
different food sources. Because of the lack of direct fossil evidence such as stomach contents or cop-
rolites, this hypothesis has not previously been tested for the MOTH ischnacanthiforms.

In this study, articulated pairs of upper and lower jaws from two different species of ischnacanthiform
from the MOTH locality, Euryacanthus rugosus (Blais et al. 2015) and Tricuspicanthus gannitus (Blais
et al. 2015) (Fig. 2), were isolated from the surrounding matrix and scanned using micro-computed
tomography (μCT) to create three-dimensionally sculpted reconstructions. Once reconstructed, the
jaws were manipulated digitally to gain a better understanding of how they could have occluded
in life.

Fig. 1. Articulated specimens of ischnacanthiform acanthodians from the Early Devonian MOTH locality. (A) UALVP 32401, an articulated, nearly complete
specimen, preserved in right lateral view; (B) close-up of the area outlined by the dashed rectangle in (A); and (C) UALVP 42055, an articulated specimen of
the anterior part of the head of an ischnacanthiform acanthodian, preserved in left lateral view. adfs, anterior dorsal fin spine; cf, caudal fin; djbs, dentigerous
jaw bones; or, orbit; pcfs, pectoral fin spine; pdfs, posterior dorsal fin spine; pq, palatoquadrate cartilage; pvfs, pelvic fin spine; sco, scapulocoracoid. Arrows indi-
cate anterior in (B) and (C). Scale bar for (A) and (C) is equal to 5 mm; scale bar for (B) is equal to 1 mm.
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Fig. 2. Articulated upper and lower dentigerous jaw bones and associated cartilages used to create the three-dimensional reconstructions in this study.
(A) UALVP 45648, right upper and lower jaws of Euryacanthus rugosus, preserved in lingual view; (B) UALVP 48487, right upper and lower jaws of
Tricuspicanthus gannitus, preserved in lingual view. Anterior is to the left. Scale bar for (A) is equal to 5 mm; scale bar for (B) is equal to 1 mm.
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Methods

Specimen preparation and photography
Specimens described in this study are housed in the University of Alberta Laboratory for Vertebrate
Palaeontology (UALVP) collections. The calcareous matrix of argillaceous limestone in which fossils
from MOTH are preserved was removed from the fossils using a solution of dilute acetic acid and soft
brushes; fossils were stabilized using a 5% solution of Glyptal cement in acetone. The specimens were
whitened using ammonium chloride sublimate and photographed using a Zeiss Discovery V8 stereo-
microscope and Nikon NIS-Elements F 2.20 imaging software. Because the density of the matrix for
MOTH specimens is quite high and interferes with CT scanning, the fossils were then embedded in
Buehler EpoThin Low Viscosity Resin and Hardener and prepared from the buried side to remove
the remaining matrix, separating the fossil entirely from the matrix to facilitate CT scanning. This
was not completed for UALVP 45848 because of its status as the holotype specimen of E. rugosus.

X-ray computed tomography and reconstruction
Specimens UALVP 45648 and UALVP 48487, representing the ischnacanthiform species E. rugosus and
T. gannitus, respectively (Fig. 2), were scanned using a SkyScan 1174 μCT scanner at 50 kV and 800 uA,
with a slice thickness of 9 μm. Slice data were analysed using OsiriX, Mimics, and Avizo 6.3. A stereo-
lithography (.STL) surface mesh of the three-dimensional geometry was created in Mimics from the
stacked DICOM (Digital Imaging and Communications in Medicine format) images acquired by the
CT scanner. Each .STL file was then imported into Geomagic Studio 6 software. Using the “Sculpt” tool,
Geomagic was used to reconstruct broken or missing teeth, using intact specimens of the same species
for reference. In particular, UALVP 45050 (fig. 3D in Blais et al. 2015) was used as a reference to recon-
struct the broken teeth of UALVP 45648. To reconstruct the broken teeth and missing jaw cartilage of
UALVP 48487, UALVP 45078, and UALVP 41920 were used as references (fig. 5 in Blais et al. 2015).
The blank labial side of UALVP 45648 was also filled in as flat, as it was reconstructed on the lingual side
only and not prepared out of its matrix because of its status as the holotype of the species.

Three-dimensional hollow surface meshes were created for the flattened specimens and manipulated
to determine their occlusion. The surface meshes were then sculpted using Geomagic until the curva-
ture of the cartilages in the ischnacanthiform jaw reconstructions (Fig. 3) more closely resembled the
curvature of the jaws in related Devonian fossil specimens that were preserved in three dimensions or
dorsoventrally exposed, including Ptomacanthus anglicus (Miles 1973), redescribed by Brazeau
(2009); Doliodus problematicus (Woodward 1892), based on CT data presented by Maisey et al.
(2009, 2014); and Gogoselachus lynbeazleyae (Long et al. 2015a). Although the more laterally flattened
MOTH ischnacanthiform jaws may have been less curved than the jaws of these specimens in life, the
purpose of curving the jaw reconstructions was to determine whether and how it affected the occlu-
sion of the jaws, not to attempt to recreate an entirely accurate life position. The curved reconstruc-
tions were then re-examined to determine whether the interpretation of their occlusal style was
significantly affected by their taphonomic deformation. CT scans are reposited at the University of
Alberta and are also available with the original .STL files on figshare.com (Blais 2017a, 2017b).

Results
The three-dimensional surface meshes created from the μCT slice data for the flattened specimens
revealed different occlusal styles for the two different species. Neither species exhibited a simple up-
and-down cog-like style of occlusion in which each cusp proceeded unobstructed to contact the opposing
inter-tooth pit. The occlusion of the teeth was restricted by the anterior and posterior lateral flanges
associated with each lateral tooth cusp in E. rugosus and by the flanges and posterior teeth in T. gannitus.
In the flattened reconstructions created for both species (Fig. 4), the teeth curve slightly medially and
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interlock, with each tooth cusp being stopped short of and slightly medial to the opposing inter-tooth pit
of the opposing jaw as its anterior and posterior labial flanges contact the flanges associated with the
opposing teeth on the opposite ramus of the jaw. The main points of contact are between the anterior
and posterior surfaces of each tooth cusp, not between the tip of the tooth cusp and the opposing jaw
bone. Regardless of the relative positions of each jaw or the distance between the articular cotylus and
condyle of the associated jaw cartilages, the teeth fit together in this interlocking pattern.

When the surface mesh reconstructions were subsequently deformed to reflect the curvature of the
jaw elements in related Devonian species (Figs. 3, 5, 6), the teeth fit more closely together than in
the flat reconstructions. Re-orienting the jaw cartilages “corrected” the medial curve of the teeth,
and they occluded more vertically, but the anterior and posterior labial flanges of opposing teeth con-
tinued to come into contact with each other before each tooth cusp contacted the inter-tooth pit on
the opposing jaw. The teeth still interlock tightly together with the tooth cusps remaining slightly
medial to the lateral flanges of the opposing teeth. The main points of contact remain the anterior
and posterior surfaces of each tooth cusp. The tooth cusps in both species are unable to contact the
inter-tooth pits on the opposing jaws, regardless of the orientation of the jaws.

Euryacanthus rugosus
The anterior and posterior labial flanges are well developed in E. rugosus, and the teeth occlude tightly
together in this species (Figs. 4, 5). The large lateral teeth curve slightly medially, even in the curved
reconstructions. When the anterior and posterior labial flanges of opposing teeth are in contact with
each other, each tooth cusp is slightly “above” (either dorsal or ventral to) and medial to the opposing
inter-tooth pit. When the teeth are in contact with each other in the central and anterior parts of the
jaw as in the articulated specimens, there is very little open space left between each pair of opposing
teeth. The smaller teeth at the anterior and posterior ends of the jaw bones do not contact each other.
The anterior and posterior labial flanges form an almost continuous surface when the jaws are tightly
closed, coming together like scissor blades. The jaw bones themselves are curved dorsoventrally, so that
at the anterior end of the jaws the distance between the upper and lower jaw bone is greatest. Based on

Fig. 3. Three-dimensionally reconstructed
ischnacanthiform jaws, sculpted to approxi-
mate a similar curvature to that of related fos-
sil taxa preserved dorsoventrally or in three
dimensions. (A) Reconstructed jaws of
Euryacanthus rugosus, in dorsal view; (B)
reconstructed jaws of Tricuspicanthus ganni-
tus, in dorsal view. The palatoquadrate and
upper dentigerous jaw bones are rendered in
red, whereas the Meckel’s cartilage and lower
dentigerous jaw bones are rendered in blue.
The scale bar for (A) is approximately 5 mm,
and the scale bar for (B) is approximately
1 mm. These scale bars are only approximate,
based on references from flattened specimens.
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Fig. 4. Three-dimensional reconstructions of flattened specimens of ischnacanthiform jaws, as preserved at the
MOTH locality. (A–B) Reconstruction based on UALVP 45648, the holotype of Euryacanthus rugosus;
(C–F) reconstruction based on UALVP 48487, Tricuspicanthus gannitus. (A) Reconstruction of the jaw of E. rugo-
sus based on UALVP 45648, lingual view, anterior is to the right; (B) reconstruction of E. rugosus in anterior view;
(C) reconstruction of the jaw of T. gannitus based on UALVP 48487, lingual view, anterior is to the left;
(D) reconstruction of T. gannitus in anterior view; (E) reconstruction of T. gannitus in posterior view; and
(F) reconstruction of T. gannitus in lateral view, anterior is to the right. Upper dentigerous jaw bones and palatoqua-
drate cartilages are rendered in orange; lower dentigerous jaw bones and Meckel’s cartilages are rendered in green.
The scale bar for (A) is 5 mm and the scale bar for (C) is 1 mm. The other figure parts have been rotated, but not
resized from the scale in (A) or (C) (e.g., (B) is the same size as (A), but foreshortened by rotating).
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articulated ischnacanthiform specimens, this space was probably occupied by large tooth whorls ante-
rior to both the palatoquadrates and Meckel’s cartilages. The tooth whorls are almost never preserved
in situ, so it is difficult to determine how they may have affected the closure of the jaws.

The lateral teeth are broad, with longer posterior flanges than anterior flanges, and slightly recurved.
When the lower jaw is moved relative to the upper jaw to close the jaws, the teeth occlude in a shear-
ing motion. Each upper tooth cusp contacts and shears down the posterior surface of the opposing
lower tooth until the posterior flanges contact each other.

Tricuspicanthus gannitus
The lateral teeth of T. gannitus are less broad than the teeth of E. rugosus, with smaller anterior and pos-
terior labial flanges. The teeth are also longer relative to the overall size of the jaws and more widely
spaced than those of E. rugosus. Because of this, the anteriormost teeth do not occlude as closely and there
is space left between the opposing anteriormost teeth when the jaws are closed (Figs. 4, 6). The teeth near
the center of the jaws occlude tightly, but the posteriormost teeth do not contact the posteriormost teeth
on the opposing jaw. The anteriormost and the largest tooth cusps are prevented from contacting the
inter-tooth pits on the opposing jaw bone by their associated anterior and posterior labial flanges, which
come into contact with the base of the opposing tooth. If the jaw joint is disarticulated (Fig. 6), the space
between the anteriormost teeth is reduced but the teeth still do not contact the opposing inter-tooth pits.

Fig. 5. Three-dimensional reconstruction of the jaws of Euryacanthus rugosus. (A) Reconstructed jaws in lingual
view; anterior is to the right; (B) reconstructed jaws in anterior view; lingual is to the left. The upper dentigerous
jaw bone and palatoquadrate cartilage are rendered in red. The lower dentigerous jaw bone and Meckel’s cartilage
are rendered in blue. Scale bar for (A) is 5 mm. (B) is the same size as (A); it has been rotated but not resized. Scale
bar is only approximate, based on references from flattened specimens.
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The main points of contact of the anteriormost teeth appear to be the lower half of each of the tooth cusps
with the anterior and posterior labial flanges of the opposing teeth. The teeth of T. gannitus also appear to
occlude via a more vertical motion than the teeth of E. rugosus, but there is still an element of shear in the
anteriormost teeth. There is also less distance between the anterior ends of the upper and lower jaws than
in E. rugosus, which is likely related to the smaller anterior tooth whorls in this species.

Interestingly, the robust medial teeth of T. gannitus never come into contact with the medial teeth of
the opposing jaw, regardless of how the jaws are manipulated. If the lateral teeth occlude in the inter-
locking manner indicated by the articulated specimens, the medial teeth cannot occlude. Instead, they
project either dorsally or ventrally, and slightly medially, into the mouth cavity (Fig. 6).

Discussion

Trophic niche differentiation
The three-dimensional reconstructions created for the two species in this study reveal two different
and distinct styles of jaw and tooth occlusion. As these species were coeval, the hypothesis that

Fig. 6. Sculpted three-dimensional reconstruction of the jaws of Tricuspicanthus gannitus. (A) Reconstructed jaws in
lingual view, anterior is to the left; (B) reconstructed jaws in anterior view, lingual is to the right. The upper dentigerous
jaw bone and palatoquadrate cartilage are rendered in red. The lower dentigerous jaw bone and Meckel’s cartilage are
rendered in blue. Scale bar for (A) is 1 mm. (B) is the same size as (A); it has been rotated but not resized. Scale bar is
only approximate, based on references from flattened specimens.
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ischnacanthiforms can be grouped chronologically based on their jaw occlusion types (Burrow 2004)
must, therefore, be rejected. Although the occlusion in T. gannitus is closer to the cog-like vertical
tooth closure suggested by Burrow (2004) than is the occlusion in E. rugosus, neither species exactly
fits the model proposed for Silurian-Middle Devonian ischnacanthiforms. The teeth of both species
occlude in an interlocking fashion similar to that proposed by Ørvig (1973), with a precision unusual
for fishes. Because these animals retained their teeth throughout their lives without replacing them,
very precisely aligning teeth may have been advantageous. Conversely, if a single tooth was out of
alignment with the rest of the teeth in the jaw, the animal’s ability to bite effectively would likely have
been greatly impacted. In this sense, tooth occlusion in ischnacanthiform acanthodians may be more
more comparable to that in most mammals and some other tooth-retaining tetrapods than that in
polyphyodont taxa like chondrichthyans and most bony fishes.

Similar to the condition in mammals, it is possible that the differences in the tooth morphology and
occlusion between the two species of ischnacanthiforms reflect differences in biting and feeding strat-
egies, which were evidently more varied than expected in at least some Early Devonian ischnacanthi-
forms. The employment of different biting or chewing strategies by coeval ischnacanthiforms at the
MOTH locality provides support for the hypothesis that these two species could have coexisted by
partitioning trophic niches and specializing in prey sources. This also supports the hypothesis pro-
posed by Choo et al. (2014) that early gnathostomes had likely undergone significant trophic niche
differentiation by the Devonian.

In addition to the indication that the two species of ischnacanthiforms could have specialized in dif-
ferent food sources, the three-dimensional reconstructions also provide some insight into the pos-
sible ecological role of each species. The shearing, interlocking occlusion, fang-like curved tooth
cusps, and sharp, smooth anterior and posterior labial tooth flanges present in E. rugosus (Fig. 5)
suggest that it could have been an effective predator of large prey (relative to its body size), includ-
ing soft-bodied animals. Tightly interlocking teeth have been suggested as an indicator of macro-
phagy in crocodylians (Young et al. 2012), and the anterior and posterior flanges would have
formed an almost continuous slicing or cutting surface. The teeth of E. rugosus also have longi-
tudinal ridges (Blais et al. 2015), which, in other taxa, have been suggested to indicate the presence
of plicidentine (Meunier et al. 2014). Plicidentine is currently unknown in ischnacanthiforms, and a
histological analysis of the teeth would be required to determine whether these ridges are the result
of infolding of the dentine in Euryacanthus. Plicidentine has been hypothesized to strengthen the
attachment of the teeth to the tooth-bearing element of the jaw, particularly in active predators
(Scanlon and Lee 2002; Modesto and Reisz 2008; Maxwell et al. 2011a, 2011b; Meunier et al.
2014). Euryacanthus rugosus was also one of the largest ischnacanthiform acanthodians from the
Early Devonian MOTH locality, although compared with ischnacanthiforms from other localities
and ages, it was a small fish. Taken together, the relative size, jaw occlusion, and tooth morphology
suggest an actively predatory ecological role for E. rugosus, which would be further supported if
plicidentine was determined to be present.

Because E. rugosus has a single row of teeth on each jaw bone, the tooth occlusion in this species is
relatively simple compared with that of T. gannitus. Tricuspicanthus gannitus has multiple rows of
teeth on each jaw bone and is monognathically heterodont, with striking differences in tooth
morphology and occlusion between its lateral and medial dentition (Figs. 4, 6). The lateral teeth of
T. gannitus are long, widely spaced, and caniniform, typical of the “piercing graspers” of Bellwood
et al. (2014). These teeth could have been well suited to puncturing soft prey. The medial teeth,
however, are blunt, robust, and low crowned, typical of animals interpreted to be durophagous
(Pregill 1984; Motani 2005; Choo et al. 2014; Crofts and Summers 2014). Two very different forms
of teeth on the same tooth-bearing element in the jaw could be indicative of several possible feeding
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strategies. Perhaps T. gannitus exploited a wide range of food sources, using its lateral dentition to
puncture softer prey and using its robust medial teeth to crush hard-shelled animals such as bivalves
or arthropods, which were certainly present at the MOTH locality during the Early Devonian.
Alternatively, it may have specialized in hard-shelled prey, grasping with its lateral teeth and crushing
with its medial teeth. This type of strategy has been proposed forMegamastax amblyodus (Choo et al.
2014) and could have also been employed by T. gannitus.

It is interesting to note, however, that the medial teeth of the upper and lower jaws in this species cannot
come into contact with each other, indicating that T. gannitus would have only been able to effectively
crush shelled prey that was larger than the gap between the upper and lower medial tooth rows. This
suggests that not only might T. gannitus have specialized in hard-shelled prey, but specifically large
hard-shelled prey (“large” being relative to the size of T. gannitus, one of the smallest ischnacanthiforms
from MOTH). Of the possible candidates for such prey known from the MOTH locality, eurypterids
and molluscs seem the most likely. It is also possible that T. gannitus could have ingested small, subadult
heterostracans or osteostracans, fossils of which have been recovered from the MOTH locality
(Greeniaus and Wilson 2003; Hawthorn et al. 2008). Finally, it is possible that T. gannitus specialized
in hard-shelled prey until it reached a certain size; perhaps while its lateral dentition remained relatively
small, its medial dentition would have been more effective on smaller prey such as ostracods, which
were also relatively abundant at the MOTH locality (Zorn et al. 2005). Judging from the relative abun-
dance of specimens of T. gannitus compared with the other ischnacanthiform species from MOTH
(Blais et al. 2015), whatever feeding strategy it employed seems to have been a successful one.

Tricuspicanthus gannitus has very tightly packed, needle-like lip scales that cover the posterior half of
the jaws in articulated specimens (Blais et al. 2011). These lip scales appear to form a continuous
cover, intermeshing with no obvious dividing line between the posterior part of the upper and lower
halves of the jaws (Fig. 7). This indicates that the posterior region of the mouth in these animals was
enveloped by a layer of skin, which would have supported the scales. Effectively, T. gannitusmay have
had cheeks. They also possessed tiny, sharp scales lining the inside of the oral cavity (Blais et al. 2015).
If these ischnacanthiforms were eating soft-bodied prey or separating the soft parts from hard-shelled
prey, perhaps the combination of a membranous cheek and sandpaper-like roughened internal oral
surface combined to prevent the prey tissue from sliding out of the mouth during processing and
position it more precisely for chewing. Taken together, these features suggest that postcapture
processing of prey may have been present in T. gannitus.

Tooth wear in ischnacanthiforms
According to the hypothesis posited by Ørvig (1973), the posterior tooth cusps in ischnacanthiform
acanthodians were worn down to “stumps” by regularly coming into contact with the inter-tooth pit
on the occlusal surface of the opposing jaw bone. If the tips of the posterior tooth cusps were being
ground away by such contact, one would expect the surficial orthodentine layer of the apices of the pos-
teriormost tooth cusps to be truncated and worn away, exposing the core of the tooth. Thin
sections of ischnacanthiform dentigerous jaw bones from the MOTH locality have revealed that the sur-
ficial orthodentine layer covering the posteriormost teeth is continuous with that covering the anterior-
most teeth (MacKenzie 2008). Although they are lower and more rounded than the anteriormost teeth,
the posteriormost tooth cusps do not appear to be significantly worn relative to the anteriormost tooth
cusps in MOTH ischnacanthiforms, and the cores of the posteriormost teeth are not exposed.

This lack of significant wear on the posteriormost tooth cusps relative to the anteriormost tooth
cusps can be explained using the model of jaw and tooth occlusion proposed in this study. The main
points of contact between teeth according to the three-dimensional reconstructions of T. gannitus
and E. rugosus jaws were not the apices of the tooth cusps, but the anterior and posterior medial
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Fig. 7. Articulated nearly complete specimen of Tricuspicanthus gannitus, UALVP 32405. (A) Complete speci-
men preserved in right lateral view, anterior is to the right; (B) close-up of area outlined by the dashed rectangle
in (A). afs, anal fin spine; art, articulation of the palatoquadrate and Meckel’s cartilages; cf, caudal fin; cs, cheek
scales; dfs, dorsal fin spine; lldjb, lower left dentigerous jaw bone; or, orbit; ot, otic material; pcfs, pectoral fin
spine; pvfs, pelvic fin spine; rdjbs, right dentigerous jaw bones; tls, tooth-like scales. Scale bar for (A) is equal to
5 mm; scale bar for (B) is equal to 1 mm.
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surfaces of the tooth cusps. These surfaces are smooth in most ischnacanthiforms from the MOTH
locality; in species with medial denticles or cuspules associated with each tooth cusp, these are
medial to the center of the tooth cusp, with smooth unornamented regions on the anterior and pos-
terior surfaces.

A newly discovered Silurian ischnacanthiform specimen from the MOTH locality (Blais, in review)
exhibits evidence of tooth-on-tooth wear in these animals. Although not a member of one of the spe-
cies for which the three-dimensional reconstructions were created, it was likely closely related, based
on similar tooth and jaw morphology. It is likely that its jaws could have occluded in an interlocking,
shearing manner similar to that of E. rugosus. It has prominent wear facets on the anterior and pos-
terior lingual surfaces of its lateral tooth cusps that do not extend to the apex of the tooth cusp.
This wear pattern supports the manner of occlusion proposed here, in which the teeth interlock and
the tooth cusps do not come into contact with the inter-tooth pits of the opposing jaw bone. This evi-
dence of interlocking tooth–tooth contact also supports the hypothesis that these fishes were likely
active predators consuming relatively large prey, and that acanthodians were specialized, predatory
feeders by the Late Silurian.

Conclusions
Micro-CT scan data were used to create three-dimensional reconstructions of articulated upper and
lower ischnacanthiform jaws representing two coeval Early Devonian species, E. rugosus and
T. gannitus. Reconstruction of the jaws in a more true-to-life position allowed their occlusion to be
more accurately assessed than using taphonomically flattened specimens alone. This method may
be useful for interpreting the ecology of similar groups of closely related taxa if more direct means
of inferring trophic niche, such as stomach contents or coprolites, are unavailable.

This study provides valuable insight into the feeding mechanics and ecology of ischnacanthiform
acanthodians from the MOTH locality. Euryacanthus rugosus and T. gannitus exhibit differing styles
of jaw and tooth occlusion, suggesting that these species captured and processed prey differently. This
method thus provides support for a hypothesis of trophic niche differentiation and insight into
specialized feeding strategies among these ancient vertebrate predators from the Early Devonian
MOTH locality.
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