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Asterolepis alticristata n. sp. (Antiarchi) from the Upper 
Devonian (Frasnian) of Nunavut, Canada, and a report 
on the antiarch diversity of the Fram Formation

KEY WORDS
Antiarchi,

Asterolepidae,
Asterolepis,

Fram Formation,
Frasnian,
Nunavut,

new species.

Jason P. DOWNS
Delaware Valley University, Department of Biology, Doylestown, Pennsylvania 18901 (United States)

and Academy of Natural Sciences of Drexel University, Department of Vertebrate Biology, 
1900 Benjamin Franklin Parkway, Philadelphia, Pennsylvania 19103 (United States) 

jason.downs@delval.edu

Edward B. DAESCHLER
Academy of Natural Sciences of Drexel University, Department of Vertebrate Biology, 

1900 Benjamin Franklin Parkway, Philadelphia, Pennsylvania 19103 (United States) 
ebd29@drexel.edu

Nathanael LO
Swarthmore College, Department of Biology, 

500 College Avenue, Swarthmore, Pennsylvania 19081 (United States)
nathklo@gmail.com

Emily N. CAREY
Academy of Natural Sciences of Drexel University, Department of Vertebrate Biology, 

1900 Benjamin Franklin Parkway, Philadelphia, Pennsylvania 19103 (United States) 
enc44@drexel.edu

Neil H. SHUBIN
University of Chicago, Department of Organismal Biology and Anatomy, 

1027 E. 57th Street, Chicago, Illinois 60637 (United States)
nshubin@uchicago.edu

Submitted on 22 August 2018 | accepted on 9 May 2019 | published on 17 October 2019

urn:lsid:zoobank.org:pub:C34F475B-6315-400C-ACE3-B67B1667C033

Downs J. P., Daeschler E. B., Lo N., Carey E. N. & Shubin N. H. 2019. — Asterolepis alticristata n. sp. (Antiarchi) from 
the Upper Devonian (Frasnian) of Nunavut, Canada, and a report on the antiarch diversity of the Fram Formation. 
Geodiversitas 41 (19): 679-698. https://doi.org/10.5252/geodiversitas2019v41a19. http://geodiversitas.com/41/19

ABSTRACT
A large collection of fossils from the NV2K17 locality, Upper Devonian (Frasnian) Fram Formation, 
Ellesmere Island, Nunavut, Canada, represents at least two species of Asterolepis. Th e fi rst, Asterolepis 
alticristata n. sp., is diagnosed by a tall midline crest that rises sharply from the tergal angle of the 
anterior median dorsal plate, reaches maximum height at around the position of the lateral corners, 
and then drops to form a low midline crest along the posterior median dorsal plate. Th e second spe-
cies is identifi ed as Asterolepis cf. radiata according to an ornament of radiating rows of conjoined 
tubercles and ridges on the available thoracic plates (anterior median dorsal, posterior median dorsal, 
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and mixilateral). We describe additional antiarch material from the NV2K17 locality, including an 
anterior median dorsal plate of Bothriolepis sp. indet., and from localities throughout the Fram For-
mation. Th e antiarch occurrences in the Fram Formation conform to a possible faunal turnover from 
one dominated by asterolepidoids low in the formation to one dominated by bothriolepidids high 
in the Fram Formation. At the NV2K17 locality, in the middle of the Fram Formation, members of 
the two groups appear together.

RÉSUMÉ
Asterolepis alticristata n. sp. (Antiarchi) du Dévonien supérieur (Frasnien) du Nunavut, Canada, et un 
état des lieux de la diversité en antiarches de la Formation de Fram.
Le matériel fossile daté du Frasnien (Formation de Fram, Dévonien supérieur) du site NV2K17 de 
l’île d’Ellesmere, dans le territoire du Nunavut au Canada, est composé d’au moins deux espèces du 
genre Asterolepis. La première, Asterolepis alticristata n. sp., est caractérisée par une haute crête médiane 
qui s’élève nettement de l’angle tergal de la plaque médiane dorsale antérieure, atteint une hauteur 
maximale au niveau des coins latéraux, pour se réduire à une crête médiane peu élevée sur la plaque 
médiane dorsale postérieure. La seconde espèce est identifi ée comme étant Asterolepis cf. radiata du fait 
de l’ornementation des plaques thoraciques (médiane dorsale antérieure, médiane dorsale postérieure, 
et mixilatérale) constituée de tubercules et crêtes organisés en rangées rayonnantes. Nous décrivons 
ici aussi du matériel complémentaire d’antiarches du site NV2K17, incluant une médiane dorsale 
antérieure de Bothriolepis sp. indet., ainsi que d’autres localités de la Formation de Fram. La présence 
d’antiarches dans la Formation de Fram confi rme un possible turnover faunistique, avec la présence 
d’astérolépidoïdes dans le bas de la Formation et de bothriolépidides dans le haut de la Formation. 
Des membres de ces deux groupes apparaissent conjointement sur le site NV2K17, positionné au 
milieu de la Formation de Fram.

INTRODUCTION

Asterolepis is a cosmopolitan group of antiarchs, extinct stem 
gnathostomes with dermal skeletal armor that surrounds the 
cranium, thorax, and pectoral appendages. Here we describe 
new fossil material from the NV2K17 locality (Fig. 1), Upper 
Devonian (Frasnian) Fram Formation, Ellesmere Island, Nuna-
vut, Canada, that represents at least two species of Asterolepis. 
Of these two, one is diagnosable to a new species. Th e new 
species is represented by parts of the cephalic skeleton (pre-
median and nuchal plates), dorsal thoracic skeleton (anterior 
median dorsal, posterior median dorsal, anterior dorsolateral, 
and mixilateral plates), ventral thoracic skeleton (anterior 
ventrolateral, posterior ventrolateral, and median ventral 
plates), and pectoral appendage (dorsal and ventral central 1 
plates). Th e second species, here identifi ed as Asterolepis cf. 
radiata, is represented by anterior median dorsal, posterior 
median dorsal, and mixilateral plates. We also present other 
antiarch fossils from this locality and from elsewhere in the 
Fram Formation. We provide anatomical descriptions when 
appropriate and more specifi c taxonomic assignments when 
possible.

In addition to the new species described here, Asterolepis is 
represented by fourteen species with a geographic distribution 
that includes Russia and the Baltics (type species Asterolepis 
ornata Eichwald, 1840 sensu Agassiz [1844]; Asterolepis cri-
stata Obruchev, 1933 [a species supported by Moloshnikov 
2008, though Karatajūte-Talimaa 1963 and Lyarskaja 1981 
consider it synonymous with Asterolepis radiata Rohon, 1899]; 

Asterolepis dellei Gross, 1940; Asterolepis estonica Gross, 1940; 
Asterolepis radiata Rohon, 1899; Asterolepis essica Lyarskaja, 
1981; Asterolepis syasiensis Lyarskaja, 1981; and Asterolepis ? 
amulensis Lyarskaja, 1981), Scotland (Asterolepis maxima Agas-
siz, 1844; Asterolepis orcadensis Watson, 1932; and Asterolepis 
thule Watson, 1932), Greenland (Asterolepis saevesoederberghi 
Stensiö & Säve-Söderbergh, 1938), Spitsbergen (Asterolepis 
scabra Woodward 1891), and New York, United States (Aster-
olepis chadwicki Wells 1964). Indeterminate species of Aster-
olepis, or material that compares favorably with Asterolepis, 
have been additionally reported from Belgium (Gross 1965; 
Olive 2015); Iran (Janvier 1979); Colombia, South America 
(Janvier & Villarroel 2000); New South Wales (Young 1993) 
and Canning Basin (Young 1987), Australia; southwestern 
Canada (Elliott et al. 2000); westernUnited States (Elliott & 
Petriello 2011; Murphy et al. 1976; Schultze 2010); Siberia 
(Moloshnikov 2012); and Vietnam (Janvier et al. 2003). 
A global geographic distribution may be inferred from these 
occurrences, but the actual alpha-diversity of Asterolepis remains 
an open question due to a problematic taxonomic history. 

In Asterolepis, species diagnoses are almost universally 
based on body size (e.g., Asterolepis maxima Agassiz, 1844), 
shape characteristics of the anterior median dorsal plate with 
particular relevance given to the ratio between cranial width 
and midline length of the plate (e.g., Asterolepis dellei Gross, 
1940; Asterolepis chadwicki Wells, 1964), and/or the super-
fi cial ornament of whatever plates are known of the species 
(e.g., radiating ridges as refl ected in the name Asterolepis 
radiata Rohon, 1899; large tubercles conjoined into ridges 
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as refl ected in the name Asterolepis scabra Woodward, 1891). 
Because most Asterolepis species diagnoses are based on small 
samples of isolated skeletal plates (e.g., Asterolepis dellei Gross, 
1940, based on a partial lateral and partial posterior median 
dorsal plates; Asterolepis ? amulensis Lyarskaja, 1981, based 
on one anterior ventrolateral plate), there is an inability to 
address how variation within these species (due to ontoge-
netic stage or otherwise) may overlap with that of the type 
species or one another. 

Upeniece (2011) highlights the dramatic changes in both 
skeletal dimensions and ornament that ontogeny imposes on a 
growth series of A. ornata specimens from the Lode Formation 
of Latvia (variously dated as Givetian or Frasnian). Among 
A. ornata anterior median dorsal plates, the cranial margin 
width to midline length index ranges between c. 24 in juve-
niles and c. 8 in large adults (Upeniece 2011: fi g. 4.21). Th is 
range includes all but one of the indices that Wells (1964) 
uses to distinguish among nine diff erent species of Asterolepis. 
Upeniece (2011) also identifi es a progression of ontogenetic 
changes in skeletal ornament from smooth to fi nely-meshed 
to reticular in juveniles to tubercular and conjoined tubercular 
(ridged) in adults. Th e variation in ornament within A. ornata 
alone, then, includes all of the ornament types reported for 
the group Asterolepis. In one reported case (LDM 260/359, 
Upeniece 2011: fi g. 4.39C), fi nely-meshed, reticular, and 
tuberculate ornaments are all present on a single anterior 
median dorsal plate.

A revision of Asterolepis alpha-taxonomy is beyond the scope 
of the present work so the fourteen species listed above serve 
as the comparative context for the descriptive work presented 
here. In most cases, the new material is compared against the 
type species. Most of the asterolepidoid fossils from NV2K17 
were found isolated and unassociated and this poses its own 
taxonomic challenge. For one example, of the twenty-fi ve 
isolated nuchal plates from the site, we use size category and 
ornament to assign only one to the new species and the rest 
to Asterolepidoidei sp. indet.

Th e recent series of paleontological expeditions to Nuna-
vut (1999-2014) have made signifi cant contributions to the 
fauna of the Fram Formation. Th e NV2K17 locality alone 
has produced a diverse assemblage of vertebrate taxa since 
its discovery in 2000. In addition to the antiarchs described 
here, the fauna includes an undescribed dipnoan, two holop-
tychiid porolepiforms (Laccognathus embryi  Downs, Daeschler, 
Jenkins & Shubin, 2011 [Downs et al. 2011a] and Holoptychius 
bergmanni  Downs, Daeschler, Jenkins & Shubin, 2013 [Downs 
et al. 2013]), a tristichopterid (Eusthenopteron jenkinsi  Downs, 
Daeschler, Long & Shubin, 2018 [Downs et al. 2018]), at least two 
undescribed osteolepidids, and the elpistostegalian Tiktaalik 
roseae (Daeschler et al. 2006; Shubin et al. 2006; Downs et al. 
2008). Th e present work strengthens the similarity between 
the Middle/Late Devonian faunas from the Fram Formation 
(Frasnian) of Arctic Canada, the Escuminac (Frasnian) For-
mation of Quebec, and the Gauja/Lode (Givetian/Frasnian), 
Amata (Givetian), Daugava (Frasnian), and Ogre (Frasnian) 
Formations of the Baltic States (Esin et al. 2000). All of these 
faunas include at least one species of antiarch, holoptychiid 

porolepiforms, at least one species of tristichopterid tetrapo-
domorph, and an elpistostegalian tetrapodomorph (Esin et al. 
2000; Downs et al. 2011a).

GEOLOGICAL SETTING

Th e Franklinian wedge is the oldest of three successions that 
comprise the Phanerozoic sedimentary rocks of the Canadian 
Archipelago. It transitions from Cambrian carbonate shelf 
and evaporite deposits at its base to terrestrial fl uvial clastics 
in the Upper Devonian (Mayr, 1994). On southern Elles-
mere Island, the Franklinian wedge is represented by the fi ve 
Middle-Upper Devonian formations of the Okse Bay Group. 
Th e Okse Bay Group is the product of sediment erosion into 
a foreland basin from three sources: the Ellesmerian Orogenic 
Belt to the north and the Caledonian Orogenic Belt and Pre-
cambrian Shield, both to the east (Embry 1988). Scotese & 
McKerrow (1990) provide a paleogeographic reconstruction 
that places the Ellesmerian Orogenic Belt in an equatorial 
position in Northern Euramerica (Laurussia).
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FIG. 1 . — A, Map of Ellesmere Island; B, map of southwestern Ellesmere Island 
(rectangular inset of A) showing the locations of the fi eld sites that have pro-
duced antiarch material; C, stratigraphy of the Okse Bay Group; D, stratigraphy 
of the Fram Formation type section.
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Th e (Frasnian) Fram Formation of Ellesmere Island is the 
middle of the fi ve formations in the Okse Bay Group (Fig. 1C). 
From lower to upper, these fi ve are Strathcona Fiord (Eifelian), 
Hecla Bay (Eifelian-Givetian), Fram (Frasnian), Hell Gate 
(Frasnian), and Nordstrand Point (Frasnian) (Embry & Klo-
van 1976). Th e Fram Formation is a series of ten to twenty-
meter-thick, fi ning-upward sequences of alternating siltstones 
and resistant, cliff -forming sandstones with erosive bottoms 
(Embry & Klovan 1976; Embry 1991). Th e siltstones con-
stitute most of the depth of each sequence. Embry & Klovan 
(1976) interpreted the Fram Formation type section as mean-
dering stream channel and point bar deposits (sandstones) 
and overbank fl oodplain deposits (siltstones).

We report on two species of Asterolepis from the NV2K17 
locality, within the type section of the Fram Formation 
(Fig. 1D), in the southward dipping limb of the Schei Syn-
cline near the east arm of Bird Fiord on southern Ellesmere 
Island. Palynological data date the Fram Formation to the Late 
Devonian (early-middle Frasnian; Chi & Hills 1976; Embry & 
Klovan 1976). Th e productive zone of the NV2K17 locality 
is approximately 20 centimeters thick. In this zone, vertebrate 
fossils appear as isolated skeletal elements or as incomplete 
skeletons in partial articulation. Th ere is no evidence for 
size sorting or preferred orientation. With this taphonomic 
context, Miller et al. (2007) interpreted the site as the result 
of a single channel avulsion event during which vertebrate 
remains were deposited on the fl oodplain and quickly buried 
with suspended load.

INSTITUTIONAL ABBREVIATIONS
C.U.  Paleontological Collections, Cornell University, Ithaca, 

New York;
LDM  Latvian Museum of Natural History, Riga, Latvia; 
NUFV  Nunavut Fossil Vertebrate Collection, Canadian 

Museum of Nature, Ottawa, Ontario;
PIN  Paleontological Institute of the Russian Academy of 

Sciences, Moscow;
PMO Natural History Museum, University of Oslo, Oslo.

SYSTEMATIC PALEONTOLOGY

ANTIARCHI Cope, 1885
ASTEROLEPIDOIDEI Miles, 1968

Family ASTEROLEPIDAE Traquair, 1888

Genus Asterolepis Eichwald, 1840 sensu Agassiz (1844)

TYPE SPECIES. — Asterolepis ornata Eichwald, 1840 (Eichwald 1840b), 
sensu Agassiz (1844); East Baltic area, Main Devonian Field, Gauja 
Formation, Middle Devonian (late Givetian).

REMARKS

Eichwald fi rst proposed the name Asterolepis ornata in a 
November, 1839, letter to H. G. Bronn of Stuttgart. Th e 
letter was published sometime after April of the following 
year (Eichwald 1840b) in the annual journal at which Bronn 
served as co-editor, Neues Jahrbuch für Mineralogie, Geognosie, 
Geologie und Petrekaften-Kunde. Th is reference has been mis-

cited (e.g., Lyarskaja 1981; Upeniece 2011) as a publication 
of Neues Jahrbuch für Mineralogie, Geognosie, Geologie und 
Paläontologie, a title change for the journal that only occurred 
after Bronn’s death in 1862 and then continued through to 
1942. In an earlier 1840 publication (published in April), 
Eichwald (1840a: 79) mentions, though misspells, “Astrolepis” 
but makes no formal proposal of the name and does not use 
the name of the type species, A. ornata. His casual use of the 
name “Astrolepis” here is likely due to his previously written, 
though not yet published, proposal of A. ornata in his letter 
to Bronn. Th e quirk of publication schedules means that the 
earlier Eichwald (1840a) publication, in Bulletin scientifi que 
de l’Académie impériale des Sciences de Saint Petersbourg, is 
the fi rst published occurrence of “Astrolepis,” though not of 
the type species name. Th is understanding reveals that the 
original spelling of Asterolepis is actually “Astrolepis.” How-
ever, considering the subsequent spelling’s prevailing (though 
not exclusive; see Murphy et al. 1976) usage and its common 
attribution to the publication containing the original spell-
ing (e.g., Traquair 1888; Woodward 1891; Rohon 1899; 
Gross 1931, 1933; Karatajūte-Talimaa 1963; Lyarskaja 1981; 
Janvier & Villarroel 2000; Moloshnikov 2008; Newman & 
Den Blaauwen 2018), the International Code of Zoological 
Nomenclature (Article 33.3.1) supports Asterolepis as a cor-
rect spelling.

Asterolepis alticristata n. sp.

urn:lsid:zoobank.org:act:D6EAF712-9D00-4A37-9612-93CF17333564

Asterolepis sp. – Daeschler et al. 2006: 759.

“Large asterolepidid” – Downs et al. 2011a: 994.

“Asterolepid placoderm” – Downs et al. 2013: 48.

“Asterolepid antiarch” – Downs et al. 2018: 1.

HOLOTYPE. — NUFV 897, anterior median dorsal plate of thoracic 
skeleton (Fig. 2).

ETYMOLOGY. — From the Latin ‘altus,’ high, and ‘crista,’ crest, in 
reference to the tall midline crest of the anterior median dorsal plate 
that helps to diagnose the species.

TYPE LOCALITY AND HORIZON. — NV2K17 locality (77˚09’59.1”N, 
86˚16’9.42”W), Fram Formation near the eastern arm of Bird Fiord 
on southern Ellesmere Island, Nunavut Territory, Canada. Palyno-
logical data indicate an early Frasnian age (medius and maclarenii 
zones of Chi & Hills 1976).

REFERRED MATERIAL. — NUFV 1265, nuchal plate; NUFV 812, 
813, premedian plates; NUFV 822, partial anterior median dorsal 
plate; NUFV 814, 815, 823, 828, 834, 835, 842, 845, 849-851, 
854, 856, 860-861, 864, 867, 870-873, 876-878, 884-886, 889, 
890, 896, 1270-1277, crests of anterior median dorsal plates; 
NUFV 796, 806, 874, 879, 898, posterior median dorsal plates; 
NUFV 802.1, 802.2, 821, 848, posterior median dorsal fragments; 
NUFV 892, articulated partial thoracic and pectoral skeleton in-
cluding median ventral, right and left anterior dorsolateral plates, 
anterior ventrolateral plates, dorsal central 1 and ventral central 1 
plates; NUFV 895, right mixilateral plate.
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DIAGNOSIS. — Antiarch referred to Asterolepis by the presence of an 
anterior median dorsal plate that broadly overlaps the mixilateral 
plates (Moloshnikov 2008). Distinguished from previously described 
species by the following combination of anatomical features: 1) a 
tall, rounded midline crest that rises from a position near the ter-
gal angle of the anterior median dorsal plate and loses most of its 
height before reaching the posterior median dorsal plate and (2) a 
midline crest of the posterior median dorsal plate that decreases in 
height cranial to caudal.

REMARKS

Because the new species is diagnosed by a crest of the anterior 
and posterior median dorsal plates, we use spatial association 
with diagnostic plates or plate fragments to refer additional 
material to the species (including isolated premedian, mixi-
lateral and nuchal plates and an articulated partial skeleton 
[NUFV 892] that lacks the median dorsal plates). All of these 
referred materials also share a size category and dermal orna-
ment with the Asterolepis alticristata n. sp. type specimen.

DESCRIPTION OF CEPHALIC SKELETON

Nuchal plate (Fig. 3A-C)
Th e nuchal plate (NUFV 1265: Fig. 3A-C) is short and wide; 
the width/length index (maximum transverse width × 100 
divided by maximum sagittal length) is 195. Th e maximum 
reported index for Asterolepis is 210 in Asterolepis scabra (Young 
1987). Several smaller, unassignable nuchals from NV2K17 
(NUFV 1247, 1248, 1252, 1254, 1263) have an index that 
is comparable with, though none higher than, this reported 
maximum (See Description of Other Asterolepidoid Specimens 
from NV2K17). As in Asterolepis ornata, the width across the 
lateral corners is slightly greater than the width across the cau-
dolateral corners; this is despite the presence of pronounced 

caudolateral processes. As is true of all known species of Aster-
olepis, the notch for the postpineal plate is shallow, reaching 
no further caudal than the lateral corners of the nuchal plate. 
Th e central pit-line groove (Fig. 3A’[cp1]) extends across the 
width of the nuchal; it exhibits a pronounced median dip 
and meets the lateral margins of the plate well caudal to the 
lateral corners. Tiny, parasagittal foramina just caudal to the 
pit-line are weakly visible among the tubercles of the ornament. 
Stensiö (1931) presumed these to be the external openings of 
the endolympatic ducts (Fig. 3A’[d.end]).

Th e nuchal is a thick plate with broad and deep zones of 
overlap onto lateral (Fig. 3A’[cv.L]) and paranuchal (Fig. 3A’[cv.
Pn]) plates. Th ere is a very short obtected area (Fig. 3A’[nm]) 
along the nuchal’s caudal margin that is unornamented though 
not depressed. Th e caudal margin of the plate is notched in 
parasagittal positions close to the plate’s midline. Th ese notches 
border a short caudal midline process (Fig. 3A’[ml.p]) of the 
plate similar to the one described in A. ornata (Upeniece 2011). 

Th e visceral surface of the nuchal exhibits a supraotic 
thickening (Fig. 3B’[sot]) that surrounds the large supraoc-
cipital pits (containing the internal openings of the endo-
lymphatic ducts; Stensiö 1931; Fig. 3B’[sop]). Th e caudal 
surface of the nuchal plate exhibits a median occipital crista 
(Fig. 3C[mo.c]) and, on either side of it, parasagittal fossae 
that were interpreted by Stensiö (1931) to be attachment 
areas for cranial levator muscles. In caudal view, the visceral 
surface of the plate has a tight, nearly semicircular arch to 
it. Th e areas lateral to the visceral arch are depressed relative 
to the area external to it such that a pronounced horizontal 
ledge runs across the plate at the most external reach of the 
visceral arch. Th e caudal surface of the nuchal is the thickest 
part of the plate and there is a dramatic decrease in nuchal 

cd.PMD

cv.ADL

lc
op.r

cv.Mxl

A A′ B

C

D

FIG. 2 . — Asterolepis alticristata n. sp., NUFV 897, holotype, anterior median dorsal plate in visceral (A, photograph; A’, labeled illustration), cranial (B), left lateral 
(C), and dermal (D) views. Abbreviations: cd.PMD, area overlapped by the posterior median dorsal plate; cv.ADL, area overlapping the anterior dorsolateral plate; 
cv.Mxl, area overlapping the mixilateral plate; lc, lateral corner; op.r oblique posterolateral ridge. Scale bar: 5 cm.
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thickness rostrally from the depressed visceral extensions of 
the plate’s caudal surface.

Th e ornament of the nuchal plate is coarsely tuberculate. 
Tubercles are fused into ridges close to the rostral and lateral 
margins of the plate; these ridges radiate from the center.

Premedian plate (Fig. 3D-I)
Th e two premedian plate specimens referred to Asterolepis 
alticristata n. sp. (NUFV 812 [maximum sagittal length of 
29.85 mm] and 813 [same length = 22.02 mm]: Fig. 3D-I) 
share a size category and an ornament type but diff er from 
one another in some specifi c details. Th e premedian plate 
has been recognized as a source of intraspecifi c variation 
throughout Antiarchi (Young 1984; Downs et al. 2011b). 

Both specimens exhibit the generalized premedian plate shape 
that has been well described in Asterolepis ornata (Lukševičs 
2001). Both are thick plates, especially at the caudal end, 
and are arched across the midline. Both have unornamented 
zones in lateral positions along the depressed rostral margin 
of the plate; the rostral margin exhibits a midline notch. In 
both, the tall caudal surface is depressed rostrally (analogue 
of the bothriolepidid preorbital recess; Lukševičs 2001) and 
this surface has a prerostral process (Fig. 3F[pr.p]) across the 
midline with a small depression on the midline (the nasal 
notch of Lukševičs 2001). Th e prerostral process separates 
the orbital cavities. Both premedian specimens are widest at 
the lateral corners and these corners are closer to the rostral 
margin than they are to the caudal one. 
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cv.Pn

sot

sopnm

cv.L

ps.f

pr.p

A

B

C

D

E

F

G

H

I

A’ B’

FIG. 3 . — Asterolepis alticristata n. sp.: A-C, NUFV 1265, nuchal plate in dermal (A, photograph; A’, labeled illustration), visceral (B, photograph; B’, labeled il-
lustration), and caudal (C) views; D-F, NUFV 813, premedian plate in dermal (D), visceral (E), and caudal (F) views; G-I, NUFV 812, premedian plate in dermal (G), 
visceral (H), and caudal (I) views. Abbreviations: cpl, central pit-line line groove; cv.L, area overlapping the lateral plate; cv.Pn, area overlapping the paranuchal 
plate; d.end, endolymphatic duct; ifc1, principal section of infraorbital pit-line groove; ml.p, midline process; mo.c, median occipital crista; nm, obtected area; 
pr.p, prerostral process; ps.f, parasagittal foramina; sop, supraoccipital pit; sot, supraotic thickening. Scale bar: 2 cm.
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Th e two premedian specimens referred to A. alticristata n. sp. 
have a width/length index (as calculated for the nuchal above) 
of 134 (NUFV 812) and 157 (NUFV 813). Th ese values are 
within the range of variation that Upeniece (2011) reported 
for adult Asterolepis ornata (120-233). Th is broad range of 
values for adult A. ornata again highlights the variability of 
this plate within a single antiarch species.

Th e principal section of the infraorbital pit-line groove 
(Fig. 3D[ifc1], G[ifc1]) extends across the width of the preme-
dian but follows a diff erent path on each of the two specimens. 
In NUFV 812 (Fig. 3G), the groove forms a caudally directed 
point at the midline and strongly arches rostrally on either 
side of the midline. It is positioned at about mid-length along 
the plate, such that the midline dip of the groove reaches into 
the caudal half of the plate. In contrast, the groove on NUFV 
813 (Fig. 3D) has a shallow, rounded dip at the midline and 
is much straighter across its entire width. Th e groove is situ-
ated close to the rostral margin of the premedian such that 
no part of it reaches into the plate’s caudal half.

Tiny foramina (Fig. 3E[ps.f ], H[ps.f ]) penetrate the vis-
ceral surface of the premedian; the two most prominent are 
parasagittally located in the rostral half of the plate. Th e 
external ornament of the premedian is similar to that of adult 
Asterolepis ornata in that rows of tubercles radiate out from 
the center of ossifi cation. Close to the lateral margins of the 
plate, the tubercles within a row fuse together to form ridges.

DESCRIPTION OF THORACIC AND PECTORAL SKELETONS

Anterior median dorsal plate (Fig. 2)
Th e anterior median dorsal plate of Asterolepis alticristata n. sp. 
features a tall rounded crest on the midline. Th e remarkable 
height (c. 60 mm in the largest specimen, NUFV 897, maxi-
mum anterior median dorsal plate width = 112.55 mm) and 

thickness (c. 18 mm in NUFV 897) of the crest is unlike any 
previously described for Asterolepis (Fig. 2). Th e crest rises 
sharply from a position just cranial to the tergal angle and 
reaches its maximum height just caudal to the center of the 
anterior median dorsal plate, nearly in line with the plate’s 
greatest width. Th e long dorsal margin of the crest caudal to 
the maximum height is slightly convex to deeply concave. 
Th e closest point of comparison among antiarchs, for a crest 
in this position and of this height, is in Bothriolepis cristata 
Traquair, 1895 (Scotland). A tall dorsal crest also appears in 
Bothriolepis gippslandiensis Hills, 1929 (Victoria, Australia); 
Bothriolepis cullodenensis Long, 1983 (Victoria Australia); and 
Bothriolepis zadonica Moloshnikov, 2004 (Central European 
Russia). In each of these three examples, however, the crest is 
formed nearly equally by anterior median dorsal and posterior 
median dorsal plates; the crest rises from near the anterior 
median dorsal plate’s tergal angle and reaches its maximum 
height only at the contact between anterior median dorsal 
and posterior median dorsal plates (Moloshnikov 2004). In 
addition to the three partial anterior median dorsal plates 
with crests (NUFV 822, 896, 897 [holotype]), the A. alti-
cristata n. sp. referred material includes thirty-seven isolated 
crests from anterior median dorsal plates. No other part of 
the A. alticristata n. sp. anatomy is better represented in the 
sample. Th e size and shape variation among these crests does 
not fi t a single growth trend (See Discussion: Variation in ante-
rior median dorsal plate crests of Asterolepis alticristata n. sp.).

At the caudal end of the anterior median dorsal plate, the 
midline crest continues onto the posterior median dorsal 
plate. In NUFV 897 (maximum crest height c. 60 mm), 
the height of the anterior median dorsal plate crest at its 
caudal terminus is c. 14 mm. Th e total length of the ante-
rior median dorsal plate crest on NUFV 897, from where 
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FIG. 4 . — Asterolepis alticristata n. sp., NUFV 898, posterior median dorsal plate in dermal (A), visceral (B), and cranial (C) views. Abbreviations: cv.AMD, area 
overlapping the anterior median dorsal plate; cv.Mxl, area overlapping the mixilateral plate; v.p, visceral pit. Scale bar: 2 cm.
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it fi rst rises to its contact with the crest of the posterior 
median dorsal plate is 108.10 mm. Th e anterior median 
dorsal plate of A. alticristata n. sp. is steeply vaulted in the 
transverse plane such that the dorsal surfaces lateral to the 
crest face distinctly craniolaterally. Th e posterior median 
dorsal plate overlaps an unornamented, depressed zone 
along the caudal end of the anterior median dorsal plate’s 
dorsal surface (Fig. 4D[cd.PMD]). None of the available 
material allows description of the anterior median dorsal 
plate cranial to the crest. In NUFV 897, the tergal angle is 
cranial to the lateral corners (Fig. 2A’[lc]) of the anterior 
median dorsal plate and caudal to the most cranial position 
of the midline crest.

Th e visceral surface of the anterior median dorsal plate 
shows the depressed surfaces where the plate overlaps the 
anterior dorsolateral (Fig. 2A’[cv.ADL]) and mixilateral 
(Fig. 2A’[cv.Mxl]) plates cranial and caudal to the anterior 
median dorsal lateral corners. On each side, these overlap 
surfaces are continuous with one another across the lateral 
corner. Obliquely oriented, low, wide ridges (oblique pos-
terolateral ridge of Karatajūte-Talimaa 1963; Fig. 4A’[op.r]) 
extend and widen from the center of the anterior median 
dorsal plate’s visceral surface to the mixilateral underlap 
close to the caudolateral corners of the plate. 

Th e ornament of the dorsolateral faces of the anterior 
median dorsal plate is densely tuberculate centrally and 
ridged closer to the lateral and caudal margins of the plate. 
Th e ridges retain the appearance of fused tubercles and radi-
ate from the center. Th e ornament of the crest is densely 
tuberculate especially at the base. Th e tubercles are disor-
ganized at the base, continuing the ornament type of the 
plate’s dorsolateral surfaces, and are organized into rows 
more distally. In one specimen (NUFV 872), these organized 
tubercles are fused into high ridges. Th e rows of tubercles or 
ridges radiate from a cranioproximal position on the crest.

Posterior median dorsal plate (Fig. 4)
Th e posterior median dorsal plate of Asterolepis alticristata 
n. sp. is elongate and narrow. Th e greatest width of the plate 
is across the lateral corners; these corners are located close 
to the caudal margin of the plate. Th ere is little increase in 
width from craniolateral to caudolateral corners and much of 
that increase occurs abruptly just cranial to the caudolateral 
corner. With nearly parallel lateral margins and craniolateral 
margins that angle toward the midline, the posterior median 
dorsal plate of A. alticristata n. sp. is more obelisk-shaped 
in dorsal view than the bulging diamond-shaped posterior 
median dorsal plate of Asterolepis ornata (Lyarskaja 1981: 
pl. 30, fi gs 1, 3). As is typical for Asterolepis, the posterior 
median dorsal plate broadly overlaps both anterior median 
dorsal (Fig. 4B[cv.AMD]) and mixilateral (Fig. 4B[cv.Mxl]) 
plates with the deepest zones of overlap at the rostral midline 
(onto the posterior median dorsal plate) and in the positions 
of the caudolateral corners (onto the mixilateral plates).

A low midline crest extends along the entire length of the 
plate that shallows from its cranial to its caudal end. Th ere 
is a sharp division between the narrow peak of the posterior 

median dorsal plate’s external tissue layers and the more 
shallow vaulting of the plate’s visceral surface. Between the 
two there is a mass of bone tissue that fi lls the vaulted core 
of the peak (Fig. 4C). Th e division between external and 
internal tissue layers results in a dramatic thickening of the 
plate along the midline, from the peak of the midline crest 
to the smooth visceral surface. Th e non-overlapping portion 
of the visceral surface (Fig. 4B) is generally rectangular but 
for a broadening at its caudal end. On the visceral midline, 
near the caudal end, there is a small circular pit (Fig. 4B[v.p]) 
that is surrounded by parasagittal depressions cranial to it 
and a single midline depression caudal to it.

Th e ornament is densely tuberculate. Th e tubercles are 
tightly-spaced and arranged into rows in locations close to 
the plate’s margin; these rows are parallel to the plate’s lateral 
edges in a small specimen (NUFV 796) and perpendicular 
to the cranial and lateral margins in large specimens (NUFV 
874, 898; Fig. 4). In positions along the lateral margin of 
the largest known posterior median dorsal plate (NUFV 
898; Fig. 4), the tubercles are fused together to form ridges. 

Anterior dorsolateral plate (Fig. 5)
Th e anterior dorsolateral plate of Asterolepis alticristata 
n. sp. expectedly overlaps the mixilateral plate (Fig. 5A’[cv.
Mxl]) and is overlapped by the anterior median dorsal plate 
(Fig. 5B’[cd.AMD]). Th e dorsolateral ridge (Fig. 5B’[dlr]) 
separates the dorsal lamina (maximum transverse width of 
47.60 mm in NUFV 892 [left side]) from the lateral lamina 
(maximum transverse height of 38.69 mm in NUFV 892 
[left side]). Th e angle between dorsal and lateral laminae is 
impossible to measure in NUFV 892 due to preservational 
fl attening of the specimen that has deformed those laminae 
into nearly the same plane. Th e thickest part of the plate 
is in the position of the processus obstans (Fig. 5C’[pr.o]) 
which consists of a short, medial, cranially-pointing process 
and a cranially-facing facet that likely accommodated the 
postmarginal plate of the cephalic skeleton. Th e ornament 
is densely tuberculate with those tubercles close to the dor-
solateral ridge, on both dorsal and lateral laminae, appear-
ing in rows parallel to that linear feature. Along the ventral 
margin of the lateral lamina, tubercles are conjoined into 
ridges oriented perpendicular to the contact between anterior 
median dorsal and anterior ventrolateral plates. Th e main 
lateral line groove (Fig. 5C’[lcg]) is on the lateral lamina 
of the anterior dorsolateral plate and follows a path that is 
roughly parallel with the dorsolateral ridge (Fig. 5C’[dlr]).

Anterior ventrolateral plate (Fig. 5)
Th e anterior ventrolateral plate forms a broad thick platform 
for the submarginal plates of the Asterolepis cephalic skeleton. 
Along with the anterior dorsolateral plate, the cranial end of 
the anterior ventrolateral plate’s lateral lamina forms a wide, 
crested backwall for the cephalic skeleton. One specimen 
(NUFV 892; Fig. 5) preserves the lateral lamina, pectoral 
articulation, and only a short section of the ventral lamina 
of both anterior ventrolateral plates of Asterolepis alticristata 
n. sp. As in adult Asterolepis ornata, the lateral lamina of the 
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anterior ventrolateral plate is tall across its entire length and 
reaches its maximum height close to the caudal end. Th e 
anterior ventrolateral plate is remarkably thick at the pectoral 
articulation and, at 38.87 mm in NUFV 892, presents the 
position of greatest skeletal thickness known for the species. 
Th e processus brachialis (Fig. 5B’[pr.b]) resides in a fossa 
that is deeply excavated from the ornamented surface. Th is 
fossa narrows to a point cranially. Th e processus brachialis is 
penetrated by an oval-shaped (long axis dorsal-ventral) fora-
men axillaris (Fig. 5B’[f.ax]). Th e most cranial margin of the 
plate’s ventral platform exhibits a tall concave, cranial-facing 
facet that likely accommodated the semilunar plate. As in 
A. ornata, this facet terminates laterally in a cranial-pointing 
process (the antero-mesial process of Upeniece 2011); fur-
ther lateral is the most cranial point of the plate (the anterior 
lateral corner of Upeniece 2011).

Th e ornament of the anterior ventrolateral plate’s lateral 
lamina is densely tuberculate; the tubercles are arranged in 
rows that radiate from a position just caudal to the pectoral 
articulation. Th e preserved portion of the ventral lamina, 
just ventral to the pectoral articulation, is unornamented as 
is a depressed zone just dorsal to the fossa that surrounds the 
processus brachialis.

Note. On the lateral lamina of the left anterior ventrolateral 
plate of NUFV 892, there is a crescent-shaped depression 
(Fig. 5B’[cr.d]) that interrupts the surrounding ornament pat-
tern. Th e ornament within the depression consists of larger, 
isolated and fused tubercles that are more widely spaced and 
chaotically-organized than those of the surrounding lateral 
lamina. Th is depression may represent bone repair of puncture-
type damage or an instance of skeletal pathology.
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FIG. 5 . — Asterolepis alticristata n. sp.: A-C, NUFV 892, left side of articulated partial thoracic skeleton in visceral (A, photograph; A’, labeled illustration), left lateral 
(B, photograph; B’, labeled illustration), and cranial (C, photograph; C’, labeled illustration) views; D, NUFV 895, right mixilateral plate in dermal view. Abbrevia-
tions: ADL, anterior dorsolateral plate; AVL, anterior ventrolateral; c1, central 1 plate; cd, area overlapped by ventral thoracic plates; cd.AMD, area overlapped by 
the anterior median dorsal plate; cr.d, crescent-shaped depression; cv.Mxl, area overlapping the mixilateral plate; dlr, dorsolateral ridge; f.ax, foramen axillaris; 
lcg, main lateral line groove; MV, median ventral plate; pr.b, processus brachialis; pr.o, processus obstans. Scale bar: 5 cm.
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Median ventral plate (Fig. 5A, B)
Th e one median ventral plate (NUFV 892; Fig. 5A, B) is best 
preserved in visceral view. Th e outline of the median ventral 
plate is generally circular although it appears to pinch to form 
blunt points in at least three corners. What is exposed of the 
external surface (Fig. 5B) shows a densely tuberculate orna-
ment with evidence for rows of fused tubercles in some areas. 
Th e median ventral plate is overlapped by anterior ventral 
lateral and posterior ventral lateral plates. Two such overlap 
surfaces are continuous with one another and visible on the 
dermal surface of the median ventral plate of NUFV 892. It 
is impossible to determine which plates overlap these visible 
surfaces because the plate is out of articulation in NUFV 892.

Mixilateral plate (Fig. 5D)
Only one specimen (NUFV 895; Fig. 5D) is complete enough 
to both recognize it as a mixilateral plate and assign it to Astero-
lepis alticristata n. sp. NUFV 895 is incomplete and lacks most 
of the zones of overlap that accommodate the anterior median 
dorsal and posterior median dorsal plates. But for a short seg-
ment, the specimen also lacks the plate’s lateral lamina. Th e 
ornament is densely tuberculate with the tubercles arranged 
in rows close to cranial and caudomedial edges. Th ese rows 
of tubercles meet each of these two ornamented margins at 
steeply oblique angles. On the visceral surface, oblique ridges 
extend caudolaterally from the caudal end of the mixilateral’s 
contact with the anterior median dorsal plate. Th ese continue 
the path of the ridges on the visceral surface of the anterior 
median dorsal plate that are described above.

Posterior ventrolateral plate
Several fragments (NUFV 802.1, 802.2, 821, 848) are identi-
fi able as the caudoventral corner of the posterior ventrolateral 
plates and are here attributed to Asterolepis alticristata n. sp. 
Th ey are not complete enough to support an anatomical 
description but for the ornament pattern of rows of isolated 
or conjoined tubercles that is consistent with much of the 
rest of the known skeleton.

Pectoral appendage (Fig. 5A, B)
Th e identifi able plates of the Asterolepis alticristata n. sp. pec-
toral appendage include dorsal and ventral central 1 plates 
(Fig. 5A[c1], B[c1]) and a lateral marginal 2 plate, but the 
material also includes additional unidentifi ed central and 
marginal plates. Th e dorsal and ventral central 1 and lateral 
marginal 2 plates appear as they do in the type species. On 
the central plates, the ornament is tuberculate with larger, 
more widely spaced tubercles at the proximal end. On the 
marginal plate, the ornament is densely tuberculate with no 
obvious pattern to their arrangement.

Asterolepis cf. radiata Rohon, 1899

Asterolepis cf. radiata Rohon, 1899: 8.

Asterolepis sp. – Daeschler et al. 2006: 759. — Downs et al. 2011a: 994.

“Asterolepid placoderm” – Downs et al. 2013: 48.

“Asterolepid antiarch” – Downs et al. 2018: 1.

LOCALITY AND HORIZON. — NV2K17 locality (77˚09’59.1”N, 
86˚16’9.42”W), Fram Formation near the eastern arm of Bird Fiord 
on southern Ellesmere Island, Nunavut Territory, Canada. Palyno-
logical data indicate an early Frasnian age (medius and maclarenii 
zones of Chi & Hills 1976).

DIAGNOSIS. — Antiarch referred to Asterolepis by the presence of an 
anterior median dorsal plate that broadly overlaps the mixilateral 
plates (Moloshnikov 2008). Referred to Asterolepis cf. radiata by the 
presence of an external skeletal ornament that is composed entirely 
of rows of tubercles and/or ridges that radiate from the center of 
ossifi cation to the margins of the plate (Rohon 1899).

REFERRED MATERIAL. — NUFV 795, 797-800, 804, anterior me-
dian dorsal plate; NUFV 809, 825, posterior median dorsal plate; 
NUFV 846, 863, mixilateral plate; NUFV 883, partial anterior 
dorsolateral and mixilateral plates.

DESCRIPTION OF THORACIC AND PECTORAL SKELETONS

Anterior median dorsal plate (Fig. 6A, B)
Th e fi ve complete anterior median dorsal plates of Aster-
olepis cf. radiata (NUFV 795, 797-800) exhibit a size and 
shape range consistent with known material of A. radiata. 
Among these fi ve specimens, the midline length of the plate 
is between 79.75 mm (NUFV 798) and 94.94 mm (NUFV 
800) and width across the lateral corners (Fig. 6A[lc]) is 
between 54.41 mm (NUFV 798) and 68.09 mm (NUFV 
800). Th e width/length index of the plate (width across the 
lateral corners × 100 / midline length), then, is between 65 
and 73 for the fi ve specimens. Th e lateral corners of these 
plates are positioned close to the midpoint of the plate’s 
length. Th is presents a diff erently shaped anterior median 
dorsal plate than that of those Asterolepis species with ante-
rior median dorsal plate lateral corners near the plate’s 
caudal end (Asterolepis essica Lyarskaja, 1981, Asterolepis 
estonica Gross, 1940, Asterolepis säve-söderberghi Stensïo & 
Säve-Söderbergh, 1938, and Asterolepis syasiensis Lyarskaja, 
1981). Th e tergal angle (Fig. 6A[ta]) is cranial to the center 
of the anterior median dorsal plate in this new sample of 

TABLE 1. — Antiarch-producing sites within the Fram Formation on southern 
Ellesmere Island, Nunavut Territory, Canada.

Site 
Designation Coordinates

Stratigraphic 
Position

NV0207 77°39’8.34”N, 83°24’18.9”W lower-most Fram Fm
NV0202 77°13’14.94”N, 84°22’6.72”W upper Fram Fm
NV0203 77°11’32.05”N, 84°19’17.28”W middle Fram Fm
NV0205 77°10’19.02”N, 84°16’14.1”W lower Fram Fm
NV0403 77°10’35.82”N, 86°16’47.7”W lower-most Fram Fm
NV0404 77°10’41.64”N, 86°15’42.96”W lower Fram Fm
NV2K16 77°9’54.42”N, 86°8’5.94”W middle Fram Fm
NV0802 77°10’36.24”N, 86°14’54.6”W lower-most Fram Fm
NV2K17 77°9’53.7”N, 86°16’9.42”W middle Fram Fm
NV0402 77°10’8.34”N, 86°10’58.26”W middle Fram Fm
NV2K15 77°9’37.14”N, 86°9’7.74”W upper Fram Fm
NV2K01 76°45’39.06”N, 88°28’33.42”W middle Fram Fm
NV2K02 76°45’42”N, 88°28’32.58”W middle Fram Fm
NV2K03 76°45’50.7”N, 88°28’26.94”W middle Fram Fm
NV2K05 76°45’53.1”N, 88°28’24.18”W middle Fram Fm
NV2K07 76°45’36.54”N, 88°28’43.14”W middle Fram Fm
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Asterolepis cf. radiata, and as previously reported for the spe-
cies, a low dorsal midline crest extends from the tergal angle 
to the caudal end of the plate. Th e cranial end of the plate 
is blunt (width of cranial margin × 100 / midline length = 
13.58 in largest specimen, NUFV 800) and therefore unlike 
the narrow pointed cranial tip of the anterior median dorsal 
plate in Asterolepis chadwicki (same index reported as 6.00 
in C.U. No. 42344, Wells 1964).

Th e anterior median dorsal plate of Asterolepis cf. radiata is 
vaulted in the transverse plane and vaulted but less so in the 
sagittal plane. A steeply depressed zone at the caudal end of the 
anterior median dorsal plate’s external surface accommodates 
the overlap of the posterior median dorsal plate (Fig. 6A[cd.
PMD]). Th is overlap zone is crested like the ornamented 
surface but the crest here is accordingly depressed below the 
ornamented one. Th e visceral surface of the anterior median 
dorsal plate shows the steeply depressed areas of anterior 
dorsolateral plate (Fig. 6B’[cv.ADL]) and mixilateral plate 
(Fig. 6B’[cv.Mxl]) underlap. Th ese are connected to one 
another across the lateral corners. Low, wide, oblique ridges 
(Fig. 6B’[op.r]) of the visceral surface extend from the area 
opposite to the tergal angle to the caudolateral corners of the 
plate. Th e cranial end of the plate’s visceral surface exhibits 
a rough area (Fig. 6B’[r.a]) on the midline that has been 
interpreted as an attachment site for cranial levator muscles 
in Asterolepis (Moloshnikov 2008).

Th e external ornament of all fi ve anterior median dorsal 
plates attributed here to Asterolepis cf. radiata consists of rows 
of isolated or conjoined tubercles that radiate from the tergal 
angle out to the margins of the ornamented surface. Th is 
ornament is consistent with Rohon’s (translated from 1899: 
23) original description of A. radiata (“tubercles arranged 
in radial lines or of radiating or parallel bars”), but is unlike 
the dramatically ridged/grooved ornamented surface of PIN 
No. 3725/1191, an anterior median dorsal plate attributed 
to A. radiata by Moloshnikov (2008).

Posterior median dorsal plate (Fig. 6C, D)
Th e posterior median dorsal plate of Asterolepis cf. radiata 
(NUFV 809, 811, 825; Fig. 6C, D) is known from two 
incomplete specimens that permit a limited description. 
Th e plate is strongly vaulted in the transverse plane with a 
sharp midline angle that extends along the entire preserved 
length of the external surface (Fig. 6C); this angle does not 
form a raised crest like the caudal end of the anterior median 
dorsal plate. As is expected for Asterolepis, the posterior 
median dorsal plate overlaps onto both anterior median 
dorsal (Fig. 6A[cd.PMD]) and mixilateral (Fig. 6D’[cv.Mxl]) 
plates. Th e area overlapping the mixilateral plate is widest at 
a position in the plate’s caudal half and tapers both crani-
ally and caudally along the posterior median dorsal plate’s 
lateral margin. Oblique caudolateral margins form a pointed 
caudal terminus to the plate but the posterior median dorsal 
plate does not exhibit either a caudal median process as in 
Asterolepis maxima (Traquair 1914) and juvenile Asterolepis 
ornata (Upeniece & Upenieks 1992; Upeniece 2011) nor a 
caudal median notch as in Asterolepis essica (Lyarskaja 1981) 

and large adult individuals of A. ornata (Upeniece 2011). 
Th e visceral surface exhibits two parasagittal depressions 
(Fig. 6D’[ps.d]) that align nearly with the widest portion 
of the area overlapping the mixilateral plate. Just caudal to 
these, on the midline, is a large circular pit (Fig. 6D’[v.p]). 
Th e ornament is formed of low, rounded tubercles that are 
organized into linear rows; these radiate from a midline 
position near the caudal margin of the plate. 

Mixilateral plate (Fig. 6E)
Th e mixilateral plate in this sample of Asterolepis cf. radiata is 
represented by two nearly complete specimens (NUFV 846, 
863; Fig. 6E). Wide overlap zones on the external surface 
of these mixilaterals accommodate the anterior dorsolateral, 
anterior median dorsal, and posterior median dorsal plates 
(Fig. 6E[cd.ADL, cd.AMD, cd.PMD]). Th e external ornament 
of the dorsal lamina comprises rows of conjoined tubercles 
radiating from a caudolateral position. Th e lateral lamina is 
very short (maximum height is 0.25 times maximum width 
of the dorsal lamina) and carries a unique slotted, interlocking 
contact with the posterior ventrolateral plate not seen along 
the other margins of thoracic plates. Th e ornament of the lat-
eral lamina is conjoined tubercles that appear to radiate from 
the same point as those of the dorsal lamina. Th e dorsolateral 
ridge of the mixilateral plate forms a low, sharp crest.

DESCRIPTION OF OTHER ASTEROLEPIDOID SPECIMENS 
FROM NV2K17
With one noted exception (NUFV 831, articulated cephalic 
skeleton; Fig. 7A, B), the specimens described here were col-
lected as isolated plates at the NV2K17 fi eld locality (Fram 
Formation, early Frasnian) on Ellesmere Island. We assign 
NUFV 852 (mixilateral plate; Fig. 7N) to Asterolepis sp. indet., 
NUFV 808 (lateral plate; Fig. 7M) to cf. Asterolepidoidei, 
and the other described specimens to Asterolepidoidei sp. 
indet. for the reasons explained below. NV2K17 is a locality 
with at least two species of Asterolepis so much or all of the 
material described in this section is likely to belong to one or 
the other of the species presented above. In addition to the 
described material, there are antiarch plates from NV2K17, 
including anterior dorsolateral, anterior ventrolateral, posterior 
ventrolateral, median ventral, and pectoral appendage plates, 
that do not present the anatomical details necessary to sup-
port a meaningful description or a more specifi c taxonomic 
assignment than Antiarchi indet.

Th e discovery of a Bothriolepis sp. indet. anterior median 
dorsal plate (NUFV 847) at NV2K17, and bothriolepidid 
material from stratigraphically analogous localities, urges 
taxonomic caution when considering indeterminate antiarch 
material from the site. Although Asterolepis is, overwhelmingly, 
the best represented antiarch group at NV2K17, the pres-
ence of Bothriolepis at the locality convinces us to not simply 
attribute all of this locality’s antiarch material to Asterolepis 
or even Asterolepidoidei. In the Discussion section of this 
paper, we report on antiarch material from throughout the 
Fram Formation, including NUFV 847 and asterolepidoid 
material from other localities.
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NUFV 831: Partial cephalic skeleton (Fig. 7A, B)
NUFV 831 (Fig. 7A, B) includes nuchal, postpineal, partial 
left paranuchal, partial left lateral, right paranuchal, and 
partial right lateral plates. Th e specimen is attributed to 
Asterolepidoidei sp. indet. according to the presence of a wide 
postpineal that sutures with the lateral plates and separates the 
nuchal plate from the orbital opening (Moloshnikov 2008).

Th is partial cephalic skeleton is strongly vaulted in the 
transverse (visceral surface of nuchal appears as a tight 
semi-circular arch in caudal view) and sagittal planes. Th e 
otic-occipital depression is deeply developed on the visceral 
surface of nuchal, paranuchal, lateral, and postpineal plates. 
Th e narrow unornamented dorsal-facing obstantic margin of 
the nuchal wraps around and deepens to form the caudal-
facing margin of the paranuchals. Th e central pit-line groove 
(Fig. 7A’[cp1]) is separated into left and right parts; each part 
weakly arches rostrally and crosses the other at the midline. 
Th e grooves meet the nuchal’s margin in a position well caudal 
to the lateral corners. Th e ornament is almost entirely anas-
tomosing or linear ridges that radiate from a nearly central 
position of each plate present. Th e only isolated tubercles 
present are caudal to the central pit-line groove on nuchal 
and paranuchal plates and immediately lateral to the orbital 
opening on the lateral plate.

Premedian plates (Fig. 7C-F)
Five small premedian plates from NV2K17 (NUFV 817, 
833, 857: Fig. 7C, D; NUFV 1266, 1267: Fig. 7E, F) are 
impossible to refer to either of the two species described above 
but all may be referred to Asterolepidoidei sp. indet. accord-
ing to the presence of a medial notch in the rostral margin 
(Moloshnikov 2008). Among these fi ve is morphological 
variation that does not scale against size (plate width). Th is 
may result from multiple species represented in the sample or 
from the high level of variability in the antiarch premedian 
(Young 1984; Downs et al. 2011b). Of the four more com-
pletely preserved specimens, the smaller two (NUFV 1266 
and 1267) are relatively short and wide (width/length index = 
154 in NUFV 1267) relative to the larger two (NUFV 833 
[same index = 111] and 857 [= 116]). 

Two types of external ornament are present in the sample, 
one predominantly ridged with ridges radiating from the 
center of the plate and tubercles, when present, clustered 
centrally along the rostral and caudal margins (NUFV 817, 
857; Fig. 7C, D; 1266), and the other predominantly tuber-
culate with short radiating ridges along the lateral margins 
(NUFV 833, 1267; Fig. 7E, F). One of these ornament types 
is no more likely than the other at a given premedian size.

In these unreferred specimens, the principal section of the 
infraorbital pit-line groove follows the two diff erent paths 
described above for Asterolepis alticristata n. sp. One path is 
close to the rostral margin and follows the contour of that 
margin but for a median caudal dip. Th e other exhibits the 
median dip but is straighter across its length and is located 
in the middle of the premedian plate. As with the ornament 
types, a premedian of a given size is no more likely to show 
one path than the other.

Nuchal plates (Fig. 7G-L)
We refer 24 nuchals from NV2K17 (NUFV 819, 829, 880 
[Fig. 7G-I]; 1120, 1121, 1247-1251, 1252 [Fig. 7J-L]; 1253-
1264, 1269) to Asterolepidoidei sp. indet. according to the 
lack of an orbital margin. Th ese nuchals (with widths between 
24.32 mm in NUFV 1260 and 39.26 mm in NUFV 1258) 
belong to a diff erent size category than that of Asterolepis 
alticristata n. sp. (nuchal width of 62.42 in the one referred 
specimen, NUFV 1265). Th ere is no consistent relationship 
between width/length index of the nuchal (whether length is 
measured as midline length or maximum sagittal length) and 
nuchal size (width) thus suggesting against the entire sample 
representing a single growth series. However, the top eight 
values of the index using maximum sagittal length (from 176 
in NUFV 819 to 202 in NUFV 1248) are among the top 
ten widest nuchals in the sample. In other words, the widest 
nuchals also tend to be relatively short. Th e variation in this 
index for these twenty-four nuchals includes the value calcu-
lated for A. alticristata n. sp. (195 in NUFV 1265). Vaulting 
of the nuchal in the transverse plane is diff erently developed 
across the sample; some are tightly arching, others are fl atter. 
Th is too is inconsistent relative to size of the nuchal plate.

In this sample of nuchals, the middle pit-line groove exhibits 
variation in its path. In all cases, it extends across the width of 
the nuchal and arches rostrally on left and right sides. In some 
specimens, the groove is separated into left and right components 
that cross one another at the midline (e.g., NUFV 880; Fig. 7G-I). 
In others, there is one unbroken middle pit-line groove that dips 
caudally at the midline (e.g., NUFV 1252; Fig. 7J-L). Th ere is 
also variation in where the groove meets the lateral margin of the 
plate, from a rostral position close to the nuchal’s lateral corners 
(e.g., NUFV 880; Fig. 7G-I) to a caudal position just rostral to 
the caudolateral corners (e.g., NUFV 1252; Fig. 7J-L). Th ese 
sources of variation do not trend with width of the nuchal plate.

Ornament is variable in this sample of nuchals. Whenever 
ornament is observable, there are linear ridges close to the 
rostral and lateral margins of the plate; these ridges present a 
loosely radial pattern that originates from a caudocentral posi-
tion. In larger nuchals, centrally, the ornament is tuberculate 
and these tubercles are either arranged into rows that extend 
from a caudocentral position to the aforementioned ridges 
(e.g., NUFV 1252; Fig. 7J-L) or the tubercles do not exhibit 
any discernible organization (e.g., NUFV 1249). In smaller 
nuchals, more of the ornamented surface is ridged, often hav-
ing the appearance of fused tubercles, and these ridges radiate 
from a caudocentral position to the rostral and lateral margins 
(e.g., NUFV 880; Fig. 7G-I). When tubercles are present in 
the smaller nuchals, they are in line with these ridges.

NUFV 808: Lateral plate (Fig. 7M)
A single, incomplete lateral plate (NUFV 808; Fig. 7M) lacks 
the caudal end but preserves the thick orbital margin and con-
tact surface for the premedian plate. Th e depth of the medial 
margin and the dermal ornament of the plate are consistent 
with the lateral plate of NUFV 831, the partial cephalic skel-
eton (described above) that is diagnosable as asterolepidoid. 
We refer NUFV 808 to cf. Asterolepidoidei sp. indet. due to 
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a lack of diagnostic features on this incomplete, isolated plate. 
Th e preserved length of NUFV 808 is 46.86 mm; the plate is 
thickest (14.81 mm) at the rostral end of the orbital margin. 
Th e rostral margin of the plate is unornamented and depressed 
below the ornamented surface. Th e path of the infraorbital pit-
line (Fig. 7M[ifc1]) interrupts the ornament of the plate’s rostral 
end. Th e visceral surface of NUFV 808 is smooth and does not 
preserve the lateral’s contribution to the otic-occipital depres-
sion. Th e external ornament is diff erent than that on the lateral 
plate included in NUFV 831. In NUFV 808, the ornament is 
entirely tuberculate. Fine tubercles are tightly clustered lateral 
to the orbital opening and larger tubercles, some conjoined, are 
organized into linear or curving rows between orbital margin 
and pit-line. Rostral to the pit-line, similarly large tubercles, 
some conjoined, do not exhibit any specifi c organization.

NUFV 852: Mixilateral plate (Fig. 7N)
NUFV 852 (Fig. 7N) is a mixilateral plate in a much smaller 
size category than that of Asterolepis alticristata n. sp. Its 
assignment to cf. Asterolepis sp. indet. is supported by a wide 
area of overlap by the anterior median dorsal plate (Molosh-
nikov 2008). Th e anterior median dorsal plate of Grossolepis 
also overlaps the mixilateral plate; we assign NUFV 852 to 
cf. Asterolepis sp. indet. according to the pronounced width 
of the overlap zone. Th e dorsal lamina ornament is densely 
tuberculate with no apparent organization to the tubercles; 
this is a close match to the mixilateral ornament in A. altic-
ristata n. sp. Th e lateral lamina is only partially preserved so 
height is impossible to measure. Ornament of the preserved 
portion of the lateral lamina appears similar to that of the 
dorsal lamina.
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FIG. 6 . — Asterolepis cf. radiata: A, B, NUFV 797, anterior median dorsal plate in dermal (A) and visceral (B, photograph; B’, labeled illustration) views; C, D, NUFV 
825, partial posterior median dorsal plate in dermal (C) and visceral (D, photograph; D’, labeled illustration) views; E, NUFV 863, mixilateral in dermal view. Ab-
breviations: cd.ADL, area overlapped by the anterior dorsolateral plate; cd.AMD, area overlapped by the anterior median dorsal plate; cd.PMD, area overlapped 
by the posterior median dorsal plate; cv.ADL, area overlapping the anterior dorsolateral plate; cv.Mxl, area overlapping the mixilateral plate; lc, lateral corner; 
op.r, oblique posterolateral ridge; ps.d, parasagittal depressions; r.a, rough area; ta, tergal angle; v.p, visceral pit. Scale bar: 2 cm.
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DISCUSSION

VARIATION IN ANTERIOR MEDIAN DORSAL CRESTS 
OF ASTEROLEPIS ALTICRISTATA N. SP.
Th e 37 isolated anterior median dorsal midline crests of the 
Asterolepis alticristata n. sp. referred material may all be diagnosed 
to that species on account of their shape (rounded, rises and falls 
on the anterior median dorsal plate). Despite this taxonomic 
assignment, it is important to note that variation in the preserved 
dimensions of these crests do not fi t an obvious growth trend. 
Th e crests do have a broad size range, whether using height, 
length, or width as the indication of size. However, the rela-
tionship between crest height (measured from visceral surface 
to distal tip) and maximum width (in the transverse plane) is 
especially variable with shorter crests (NUFV 849, height = 
31.81 mm, maximum width = 13.26 mm) sometimes being 
wider than taller ones (NUFV 877, height = 38.26, maximum 
width = 8.80 mm). Th e total length of the crest on the anterior 
median dorsal plate also does not scale against crest height or 
width. Th e shape of the crest, especially in lateral view outline, 
shows a large degree of variation (Fig. 8). 

ANTIARCH OCCURRENCES IN THE FRAM FORMATION

Th e recent series of paleontological expeditions (1999-2014) 
to the Canadian Arctic has recovered antiarch fossils from 

throughout the (Givetian/Frasnian) Okse Bay Group. Th is 
paper is the fi rst eff ort to begin to describe those from the 
Fram Formation. Th e focus of the descriptions above is the 
asterolepidoid fossils of the NV2K17 locality, a site that is 
notable for the completeness and quality of its fossils and the 
diversity of its vertebrate fauna. In this section, we report on a 
Bothriolepis sp. indet. anterior median dorsal plate (NUFV 847:  
Fig. 9C, D) from that locality and on other antiarch fossils from 
throughout the Fram Formation. All of the Fram Formation 
localities named in this section are from southern Ellesmere 
Island (locality coordinates in Table 1) and will be presented 
in four geographic groups (Vendom Fiord, Sor Fiord, Bird 
Fiord, and Goose Fiord; Fig. 1B). Within each group, we will 
try to organize the localities into a generally lower to upper 
sequence, although precise stratigraphic positions have not 
been determined for these sites. Except in those cases where a 
more specifi c taxonomic assignment is made, all of the speci-
mens presented below are presently regarded as Antiarchi sp. 
indet. We provide the following brief descriptions of these 
antiarch fossils in order to present a preliminary inventory of 
our collecting eff orts. Full description, diagnosis, and fi gur-
ing of these fossils is beyond the scope of the present work.

Low in the Fram Formation, near the mouth of Vendom 
Fiord, the NV0207 locality has yielded partial antiarch anterior 
ventrolateral plates (NUFV 1281 [partial plates from multi-
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FIG. 7 . — A-M, Asterolepidoidei sp. indet. from NV2K17, A, B, NUFV 831, articulated partial cephalic skeleton in dermal (A, photograph; A’, labeled illustration) 
and visceral (B, photograph; B’, labeled illustration) views; C, D, NUFV 857, premedian plate in dermal (C) and visceral (D) views; E, F, NUFV 1267, premedian 
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Pn, paranuchal plate; Pp, postpineal plate. Scale bar: 2 cm.
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ple individuals]) in two size categories, a paranuchal (NUFV 
1282), partial and complete nuchals (NUFV 1280), a posterior 
ventrolateral plate fragment (NUFV 1283) and dorsal and/or 
ventral central 1 plate (NUFV 1284). Th e nuchals (Fig. 9A) 
exhibit size variation but otherwise show generally consistent 
anatomical features. Th ese may be diagnosed as Asterolepi-
doidei sp. indet. by the lack of orbital margin on the nuchal  
(Moloshnikov 2008). Th ese nuchals show less arching in the 
transverse plane than the NV2K17 nuchals described in the 
previous section. Th ere are protruding caudolateral processes 
and the caudolateral width of the nuchal is subequal to the 
width across the lateral corners. Th e central pit-line groove, 
but for a midline caudal dip, is very straight and without 
the rostral arching observed in the nuchal plates from the 
NV2K17 sample. Th e nuchal plates of NV0207 have a long, 
unornamented obtected area that reaches nearly to the pit-
line groove. Th e ornament is tuberculate with tubercles that 
are large, circular or oblong, and few in number. Th ese are 
usually isolated but are in some places conjoined. Th e large 
tubercles show no obvious pattern in their distribution across 
the external surface. Th e paranuchal plate (NUFV 1282) 
may also be diagnosed as Asterolepidoidei sp. indet. because 
it shares its ornament type with the nuchals and the central 
pit-line groove on the paranuchal plate aligns with that of 
similarly-sized nuchals. Th e groove continues along a straight 
trajectory across nuchal and paranuchal plates.

Two sites (NV0202, NV0203) from the western side of the 
drainage up valley from Sor Fiord contain antiarch material. 
Both of these sites are likely to be higher in the Fram Forma-
tion than NV0207 at Vendom Fiord. Material from these 
sites includes anterior ventrolateral plate fragments (NUFV 
1885, 1886).

Locality NV0205 is low in the Fram Formation but likely 
higher than NV0207. NV0205 has produced a large, low-
crested anterior median dorsal plate (NUFV 1287; Fig. 9B). 
Th oracic plate fragments at the locality, including posterior 
ventrolateral plate (NUFV 1288), share size category and 
ornament with the anterior median dorsal plate and may 
belong to the same taxon. We assign the low-crested anterior 
median dorsal plate (NUFV 1287; Fig. 9B) from NV0205 
to Asterolepis sp. indet. according to long, narrow dimensions 
that taper at cranial and caudal ends, and the overlap of this 
plate onto mixilateral plates (Moloshnikov 2008). Th is anterior 
median dorsal plate belongs to a diff erent size category than 
the low-crested anterior median dorsal plates from NV2K17 
that are referred to Asterolepis cf. radiata above. Th e minimum 
midline length of the ornamented surface of NUFV 1287 is 
151.99 mm although the actual length is likely longer due to 
a poorly preserved cranial end of the plate (the correspond-
ing length of the largest anterior median dorsal plate in the 
Asterolepis cf. radiata sample is 84.51 mm). Th e width of the 
plate across the lateral corners is 96.86 mm. Specimen con-
dition prevents a measure of cranial margin width or total 
midline length. Th e specimen is preserved only in external 
view; the overlap zone of the posterior median dorsal plate 
comes to a cranial point at the midline and appears relatively 
short given the length of the plate. Vaulting of NUFV 1287 in 

transverse and sagittal planes is minor; the midline is slightly 
raised relative to the margins but, as preserved, the plate is 
generally fl at. A very low crest runs along the midline of the 
plate, from the tergal angle to the caudal end of at least the 
ornamented surface. No pit-line is observed on NUFV 1287. 
Th e external ornament is quite diff erent than that of both 
the smaller anterior median dorsal plates in the Asterolepis cf. 
radiata sample and the corresponding high-crested plates of 
Asterolepis alticristata n. sp. It is a coarse tuberculate ornament 
without a radial pattern and without any fusion of tubercles 
into ridges. Close to the lateral and caudal margins of the 
ornamented surface, the tubercles are arranged in concentric 
bands that are parallel to the margin.

Other localities in the same valley as NV2K17, near the 
east arm of Bird Fiord, preserve antiarch material. NV0403 

FIG. 8 . — Asterolepis alticristata n. sp. outlines of midline crests of anterior 
median dorsal plates in left lateral view. Each crest is scaled to a common 
height and ordered according to actual height in order to highlight the shape 
variation. Each is depicted with the visceral surface as close to horizontal as 
possible. A, NUFV 1274; B, NUFV 834; C, NUFV 828; D, NUFV 850; E, NUFV 
854; F, NUFV 886; G, NUFV 867; H, NUFV 877; I, NUFV 835; J, NUFV 889; 
K, NUFV 856; L, NUFV 872; M, NUFV 897 (holotype). Scale bars: 2 cm.
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and NV0404 may be the lowest of all sites reported here. 
From NV0403 (just 15 m above the underlying Hecla Bay 
Formation), we have recovered plates from one or more 
large-bodied species of antiarch including pectoral append-
age plates and fragments of anterior median dorsal, anterior 
ventrolateral, and posterior ventrolateral plates (NUFV 
1059). From NV0404, there are fragments of dorsal/ventral 
central 1 plates (NUFV 1289) and a partial posterior median 
dorsal plate (NUFV 1290). Locality NV2K16 has produced 
anterior ventrolateral plate fragments (NUFV 1034). From 
NV0802, there is an anterior ventrolateral plate fragment 
(NUFV 1291) of a large-bodied antiarch including part of 
the pectoral appendage articulation.

Among the localities near Bird Fiord is likely the lowest known 
occurrence of Bothriolepididae in the Fram Formation. In this 
part of the formation, Bothriolepididae and Asterolepididae 
are both present and even appear together at the NV2K17 
locality. We attribute an anterior median dorsal plate (NUFV 
847; Fig. 9C, D) from NV2K17 to Bothriolepis sp. indet. on 
account of overlap areas that show anterior median dorsal plate 
broadly overlapping the anterior dorsolateral plate and being 
overlapped by the posterior median dorsal and mixilateral plates 
(Young & Gorter 1981). Th is well-preserved anterior median 
dorsal plate is small (length = 42.50 mm) and narrow (width/
length index = 76) with a reticulating ornament and strongly 
developed posterior oblique abdominal pit-line grooves. Th e 
visceral surface preserves two median ridges that converge at 
their rostral ends near the midpoint of the plate. Th e ridges 
extend to the caudal margin of the plate. Th ere is an elongate 
anterior ventral pit in the cranial half of the specimen with 
postlevator cristae arching obliquely from its cranial end.

In the same valley as NV2K17, a partial cephalic skeleton 
(NUFV 1292) of Bothriolepididae sp. indet. (diagnosed by a 
nuchal plate that contributes to the orbital margin, Lukševičs 
2001) was collected from NV0402 along with visceral impres-
sions of a partial thoracic skeleton (NUFV 1294) and of a 
posterior median dorsal plate (NUFV 1293) diagnosed as 
Bothriolepis sp. indet. on account of its width narrowing caudal 
to cranial (Stensiö 1948). From NV2K15, a surface-collected 
microfossil locality up section from NV2K17, we have recov-
ered three partial right lateral plates (NUFV 1296 [Fig. 9E, 
F]; 1297, 1298), an antiarch premedian plate (NUFV 1295; 
Fig. 9G, H), six partial nuchal plates (NUFV 1302 [specimen 
number includes all six]; Fig. 9I, J), posterior median dorsal 
plate fragments (NUFV 1299), partial anterior ventrolateral 
plates (NUFV 1300), and a dorsal or ventral central 1 plate of 
the pectoral appendage (NUFV 1301). Th e nuchal, lateral, and 
premedian plates all share a small size, low bone thickness, and 
reticulating ornament. Th e contribution of the nuchal plates 
to the orbital margin supports the assignment of all of these 
cephalic plates to Bothriolepididae sp. indet. Th e nuchals are 
long and narrow. Th ey have a long, unornamented obtected 
region and central pit-line grooves that cross one another at 
the midline. Parasagittal openings for the endolymphatic 
duct are visible on dermal and visceral surfaces; those on the 
visceral surface are surrounded by a supraotic thickening. A 
median occipital crest divides the caudal surface. Like the 

nuchals, the laterals are small and shallow; each preserves 
the path of the infraorbital pit-line groove and the central 
pit-line groove that continues from the nuchal. Th e visceral 
surface of these laterals shows the rostrolateral extensions of 
the otic-occipital depression on the nuchal plates, pre- and 
post-lateral cristae and the transverse rostral groove between 
them. All ten of the cephalic skeletal plates from NV2K15, 
including the premedian plate, have a reticulating ornament. 

Localities along the eastern and western shores of Goose 
Fiord’s upper reaches have produced antiarch fossils during 
the recent (1999-2014) paleontological expeditions and dur-
ing the Norwegian 2nd Fram expedition of 1898-1902. Per 
Schei collected material representing at least two species of 
antiarch from Galge Valley (head of the fi ord) and Skrap Val-
ley (western shore). Four specimens (PMO A13305, partial 
anterior ventrolateral plate; PMO A13403, possible anterior 
dorsolateral plate; PMO A13045, impression of a possible 
posterior ventrolateral plate; PMO A13169, possible dorsal 
central 1 plate) belong to a single size category and were 
described by Kiaer (1915) as Bothriolepis cf. hydrophila and 
redescribed as Bothriolepididae indet. by Downs et al. (2016). 
Kiaer (1915) described a fi fth specimen of a larger size category 
(PMO A13050, fragment of possible anterior ventrolateral 
plate) as Bothriolepis ? sp.; this specimen was redescribed by 
Downs et al. (2016) as Antiarchi indet. Recent collecting along 
the eastern shore of the fi ord has yielded a proximal end of a 
pectoral appendage (NUFV 1303) from NV2K07; fragments 
of anterior ventrolateral plates, dorsal/ventral central 1 plate, 
and other plates from NV2K02 (NUFV 1020); and three 
partial cephalic skeletons (NUFV 1304-1306), one each from 
localities NV2K01, NV2K05, and NV2K07. 

Th e most complete of the three partial cephalic skeletons 
(NUFV 1305 from NV2K05; Fig. 9K, L) is diagnosed as 
Bothriolepididae sp. indet. by a nuchal plate that contributes 
to the orbital margin (Lukševičs 2001). Th is cephalic skeleton 
has an approximate width/length index of 128, close to the 
lower end of the range of indices cited for Bothriolepis canadensis 
(130-152, Stensiö 1948; Béchard et al. 2014). Th e premedian 
plate is especially long and narrow (width/length index is 
approximately 83) and the preorbital recess (Fig. 9L’[po.r]), 
when correcting for a break in the specimen, seems to have 
a horizontal rostral margin. Th e ornament of the cephalic 
skeleton is dominated by reticulating ridges caudally and 
anastomosing ridges rostrally. Other features of the cephalic 
skeleton (infraorbital and central pit-line grooves, obtected 
margin, supraoccipital pits, otic-occipital depression, pre- and 
postlateral cristae) are as expected for Bothriolepis.

Th e second partial cephalic skeleton (NUFV 1304 from 
NV2K01), preserved in external view, is smaller and less 
complete than the fi rst but it too may be diagnosed as Both-
riolepididae sp. indet. according to the nuchal contribution 
to the orbital margin (Lukševičs 2001). General dimensions 
and ornament suggest the specimen may belong to the same 
species as the fi rst described above. Th e third partial cephalic 
skeleton (NUFV 1306 from NV2K07) is an articulated partial 
premedian and partial lateral plate preserved in external view. 
Th e ornament is made of reticulating ridges.
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FIG. 9 . — Antiarchi material from Devonian deposits of Nunavut. A, Asterolepidoidei sp. indet. from NV0207, NUFV 1280, nuchal plate in dermal view; B, Asterolepis 
sp. indet. from NV0205, NUFV 1287, anterior median dorsal plate in dermal view; C, D, Bothriolepis sp. indet. from NV2K17, NUFV 847, anterior median dorsal 
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G, H, NUFV 1295, premedian plate in dermal (G) and visceral (H) views; I, J, NUFV 1302, nuchal plate in dermal (I) and visceral (J) views; K, L, Bothriolepididae 
sp. indet. from NV2K05, NUFV 1305, articulated partial cephalic skeleton in dermal (K, photograph; K’, labeled illustration) and visceral (L, photograph; L’, labeled 
illustration) views; M, N, Bothriolepidoidei sp. indet. from NV9913, NUFV 1308, premedian plate in dermal (M) and visceral (N) views; O-Q, Asterolepidoidei sp. 
indet. from NV9917, NUFV 1307, nuchal plate in dermal (O), visceral (P), and caudal (Q) views. Abbreviations: cpl, central pit-line groove; ifc1, principal section of 
infraorbital pit-line groove; L, lateral plate; Nu, nuchal plate; ood, otic-occipital depression; Pm, premedian plate; Pn, paranuchal plate; po.r, preorbital recess; 
Pp, postpineal plate. Scale bars: 1 cm. 
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Th e antiarch fossils of the Fram Formation generally conform 
to the geographically inconsistent, but traditional, notion of 
Bothriolepididae replacing Asterolepididae sometime in the 
Middle to Late Devonian. Th is was fi rst recognized in the Old 
Red Sandstone of Western Europe (Traquair 1895; Westoll 
1951) and has since been extended to include the Baltics 
and Leningrad region of Russia, northwestern Australia, and 
western United States (Young 1974). Th e antiarch material 
from localities low in the Fram Formation (near Vendom and 
Sor Fiords) is diagnosable to Asterolepidoidei sp. indet. and 
Asterolepis sp. indet. In the middle Fram Formation localities of 
the Bird Fiord valley, both bothriolepidids and asterolepidids 
are recognized and even appear together at a single locality 
(NV2K17). Th e antiarchs from the highest Fram Formation 
localities (along both shores of Goose Fiord) all belong to 
Bothriolepididae. If such a turnover in the antiarch fauna 
took place in this geographic location, it may have happened 
during the deposition of the Fram Formation. Th e Ellesmere 
Island fossils thus far recovered promote the middle part of 
the Fram Formation (early middle Frasnian) as the local time 
of such a faunal turnover. 

Note. In addition to the Fram Formation localities of Elles-
mere Island, we have also recovered antiarch fossils from the 
western islands of Melville Island and Ile Vanier. Th e Mel-
ville Island localities are in the Beverley Inlet Formation, a 
stratigraphic unit that is laterally equivalent to the Fram, Hell 
Gate, and Nordstrand Point Formations of the Okse Bay 
Group (Frasnian; Embry 1991). Harrison & de Freitas (1998) 
map the Ile Vanier localities as Cape Fortune Member of the 
Parry Islands Formation (Famennian; Embry 1991), but our 
biostratigraphic and lithological observations are inconsistent 
with this identifi cation. Instead, we suggest that these locali-
ties are within the Beverly Inlet Formation (Frasnian; Embry, 
1991). Of note, among the antiarch material from Ile Vanier, 
there is a bothriolepidoid premedian plate (NUFV 1308 from 
NV9913; Fig. 9M, N) that is diagnosed by the preorbital 
recess (Moloshnikov 2008), and an asterolepidoid nuchal 
(NUFV 1307 from NV9917; Fig. 9O-Q) that is diagnosed 
by the lack of orbital margin (Moloshnikov 2008). Th ese two 
specimens were recovered from stratigraphically equivalent 
localities (asterolepidoid from NV9917; bothriolepidoid from 
NV9913). Both specimens are remarkable for their large size 
and their skeletal thickness, and are unlike any of the Fram 
Formation antiarchs that are described above. 
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