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inclination characterizes the tri-partite crown, which
has the shape of a three-cusped tooth. A narrow and
smooth median section is flanked by two wide, but
shorter, lateral wings. The crown narrows towards the
base, forming a short but pronounced neck. Several
large canal openings perforate the neck on both sides.
When the scales are grown together, differentiation of
the base is not visible, and only the different crown
units are seen. One well preserved specimen shows a
group of three scales with welded bases (Fig. 28A).
The main part is formed by a large scale, with two
smaller scales growing on the anterior part. Another
specimen shows a row of overlapping scales of differ-
ent sizes with several large neck canal openings on
both the anterior and posterior side (Fig. 28C).

Remarks. Since few scales were available, histological
investigations were not made. Chondrichthyes indet.
may be a growing polyodontodia of Ctenacanthus type
in the scheme of Karatajute-Talimaa (1992).

Some vertebrate remains of unknown origin, treated
under Incertae Sedis may also be comparable with true
chondrichthyans (Fig. 43D, H, J).

Occurrence. Lochkovian, Monument, Hall Land, North
Greenland.

Acanthodii

Order  Climatiida Berg 1940
Family  Climatiidae Berg 1940

Genus  Nostolepis Pander 1856

Type species. Nostolepis striata Pander 1856, Late Silurian
(Pridoli), Ohesaare Formation, Saaremaa, Estonia.

Diagnosis. Small and large scales with smoothly down-
bent anterior part of crown; neck less pronounced in
anterior part; crown anteriorly ornamented by posteri-
orly converging or parallel strongly expressed ridges
and ribs; superpositional growth with simple mesoden-
tine in crown and irregular branching tubules rising
from radial, circular and ascending vascular canals;
cellular bone in base usually with numerous cell cavi-
ties.

Species content. Nostolepis striata Pander 1856; N. alta
Märss 1986a; N. applicata Vieth 1980; N. arctica Vieth
1980; N. athleta Valiukevicius 1994; N. costata Goujet

1976; N. curiosa Valiukevicius 1994; N. curta Valiuke-
vicius 1994; N. gaujensis Valiukevicius 1998; N. graci-
lis Gross 1947; N. guangxiensis Wang Nian-zhong 1992;
N. infida Valiukevicius 1994; N. kernavensis Valiuke-
vicius 1985; N. lacrima Valiukevicius 1994; N. latic-
ristata Valiukevicius 1994; N. matukhini Valiukevicius
1994; N. minima Valiukevicius 1994; N. multangula
Valiukevicius 1994; N. multicostata Vieth 1980; N. ro-
busta (Brotzen 1934); N. spina Valiukevicius 1994; N.
taimyrica Valiukevicius 1994; N. tareyensis Valiukevi-
cius 1994; N. tcherkesovae Valiukevicius 1994.

Range. Early Silurian (Wenlock) – Middle Devonian
(Eifelian).

Nostolepis halli sp. nov.
Fig. 29A–G; Fig. 30

Derivation of name. In honour of Charles Francis Hall,
the leader of the U.S. North Polar Expedition 1871–73,
who died and was buried in Hall Land. Also referring
to the main fossil locality close to his grave.

Holotype. MGUH VP 3567 from GGU sample 82738
(Fig. 29A, B).

Figured material. MGUH VP 3567–3571, 3631 from
GGU sample 82738.

Other material. About 60 scales from GGU samples
82734, 82736, 82737, 82738 and 298937.

Locality and age. The Halls Grav locality, Hall Land,
North Greenland, Chester Bjerg Formation, Late Silurian
(Pridoli).

Diagnosis. Homogeneous set of medium-sized scales,
about 1 mm, with low rhomboidal crown, bent down
anteriorly towards base and anteriorly diffuse neck;
crown smoothly ridged anteriorly with intermediate
furrows; lateral wings folded up; large convex base,
displaced anteriorly, with lower posterior part; meso-
dentine tissue in crown with irregular branching tu-
bules; cellular bone in base with few osteocyte cavities
and process tubules.

Scale morphology. Like the other acanthodians, the
scales of Nostolepis halli sp. nov. are quite poorly pre-
served. They are brown-yellow to dark brown, me-
dium sized and vary in length from about 0.5–1 mm.
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The set of scales is homogeneous and no clearly dif-
ferentiated scale types seem to be present.

The rhomboidal or sector-shaped crown is smooth,
flat or slightly convex (Fig. 29A–F). Postero-lateral
crown margins are straight and meet in a posteriorly
pointing crown apex. Smaller specimens may have
postero-lateral margins that make a curve towards the
centre of the scale before they meet (Fig. 29C, F). On
a slightly lower level, at the postero-lateral sides, a
small dorso-lateral wing is visible on each side in the
best preserved specimens (Fig. 29A, B, D, E). The wing
is folded along a median line with its lateral margins
pointing upward. This in cross section V-shaped wing
is characteristic of the species. Anteriorly 7–10 smooth
ridges separated by short, shallow furrows run back-
wards towards the centre of the upper crown surface.
They converge slightly but do not join before they
disappear in the flat crown surface. The ridges are also
evenly distributed on each side of an imaginary me-
dian line and bend gently down towards the neck and
the base. Due to the presence of ribs and furrows, the
anterior crown margin appears crenulated or notched
in a dorsal view. On the upper crown surface it is
often possible to see each layer of growth. The crown
is higher posteriorly, which gives a slightly posteriorly
rising inclination. Posteriorly the low neck is much
more pronounced than in the indistinct lower anterior
part. The neck is smooth and neither pore openings
nor neck furrows are visible. The transition between
the neck and the anterior crown furrows is very gentle
and the neck is only pronounced near the lower ends
of the intermediate ridges. Usually the base is much
wider than the crown and is much higher anteriorly. A
large part of the swollen displaced base projects at the
front.

Scale histology. The upper crown surface in most scales
of Nostolepis halli is poorly preserved but overlapping,
sometimes visible in the antero-dorsal upper part of
the crown, indicating a superpositional type of growth;
up to seven growth lamellae are visible and super-
posed on the embryonic scale (Fig. 30A). Each lamella
in the crown contains irregular branching tubules of
mesodentine type (Fig. 30B). The proportionally large
base is composed of layers of cellular bone with round
or flattened osteocyte cavities and tubules of irregu-
larly distributed short branching processes (Fig. 30A).
The flattened cavities are, together with associated tu-
bules, generally arranged along the longitudinal axis
of the basal layers. Each layer or zone is laminated
and continuous with one on the crown. Long tubules

of Sharpey’s fibres are developed perpendicular to these
basal layers.

Scale dimensions. Length 0.5–1.1 mm; width 0.5–1.0 mm.

Remarks. The Greenland species is delimited from com-
parable species by the up-bent shape of the lateral
wing. Lateral structures of other species of Nostolepis
are instead expressed as vertical, diagonal or horizon-
tal ribs. The smaller Gomphonchus cf. G. hoppei, re-
ported by Vieth (1980) from the Lochkovian strata of
the Canadian Arctic, has a general morphology more
similar to N. halli than the traditional G. hoppei. Its

Fig. 30. Nostolepis halli sp. nov. Histology of the scale.
A: Scale in vertical longitudinal section, MGUH VP 3571, × 98.
B: Scale in vertical longitudinal section, close up of crown,
MGUH VP 3631, × 325.
All specimens from GGU sample 82738, Halls Grav.
dt: dentine tubules; ocv: osteocyte cavities; sf: tubules of
Sharpey’s fibres.
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illustrated histology suggests it is probably also of
Nostolepis but its lateral ridges are clearly different from
the wings of N. halli.

Occurrence. Pridoli, Halls Grav, Hall Land, North
Greenland.

Climatiida indet.
Figs 31, 32

Figured material. MGUH VP 3557–3559 from GGU sam-
ple 82736, MGUH VP 3560, 3561 from GGU sample
82738.

Other material. About 35 scales from GGU sample
82734, 82736, 82737, 82738.

Locality and age. The Halls Grav locality, Hall Land,
North Greenland, Chester Bjerg Formation, Late Silurian
(Pridoli).

Scale morphology. The small and variably shaped cli-
matiid scales are a rare component of the collections
from the Halls Grav locality. The crown has a high incli-
nation from the larger base and narrows towards the
posteriorly pointing end (Fig. 31). In upper view, the
crown is convex or almost flat with ridges which con-
verge posteriorly. The scales may have as many as
eight ridges converging from the base towards the
posterior crown apex. One scale type has a cone-
shaped crown with distinct ridges, converging from
the base to the slightly posteriorly pointing apex (Fig.
31D, E). Some of the ridges run more at the lateral
areas. The neck is mostly weakly developed. Another
type, probably from the body, has a flatter more elon-
gated or rhomboidal crown with less inclination and a
more pronounced neck (Fig. 31B, C). In this type, the
ridges run more on the median upper surface of the
crown with only very few on the lateral areas. They
bend down anteriorly towards the neck and lateral
ridges are much shorter. In basal view the posteriorly
overhanging crown is almost smooth and shows only

Fig. 31. Climatiida indet. SEM photomicrographs. Scale bars equal 0.2 mm.
A: Head? scale in oblique crown view, MGUH VP 3558. B: Trunk scale in oblique crown view, MGUH VP 3560. C: Scale in crown
view, MGUH VP 3560. D: Scale in crown view, MGUH VP 3557. E: Scale in oblique crown view, MGUH VP 3557. F: Scale in oblique
crown view, MGUH VP 3559.
MGUH VP 3557–3559 from GGU sample 82736, Halls Grav; MGUH VP 3560 from GGU sample 82738, Halls Grav.
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very weak striations. All scales have a round or irregu-
lar base which is often very thin. In basal view the
scales are flat, convex or just slightly concave. Less
regular scales, almost triangular in outline, appear to
be composed of three smaller welded scales (Fig. 31A)
and may be derived from the head region.

Scale histology. The large embryonic scale has perhaps
only one or two growth zones added on the top and
sides (Fig. 32). The base of the embryonic scale has
many round osteocyte cavities with bone cell process-
es (Fig. 32A). Sharpey’s fibres are present in the lower
part of the base. The crown is poorly preserved in
available sections but shows several rounded cell cavi-
ties with spreading tubules (Fig. 32B).

Scale dimensions. Length 0.3–0.7 mm; width 0.2–0.6 mm.

Remarks. Although the histological information is lim-
ited, it indicates similarities with the most primitive
acanthodian structures found in Euthacanthus Powrie
1864 from the Lower Devonian of Scotland (Denison
1979). Morphologically these scales are more similar
to Climatius Agassiz, 1845 and Nostolepis Pander 1856.
The base of Climatius has no (or very few) bone cell
cavities (Ørvig 1967; Denison 1979).

Occurrence. Pridoli, Halls Grav, Hall Land, North
Greenland.

Order  Ischnacanthida Berg 1940
Family  Ischnacanthidae Woodward 1891

Genus  Gomphonchus Gross 1971

Type species. Gomphodus sandelensis Pander 1856 (type
by monotypy); Late Silurian (Pridoli), Ohesaare For-
mation, Saaremaa, Estonia.

Diagnosis. Small and large scales (0.3–1.3 mm) with
low or convex base, often displaced anteriorly; low or
elevated rhomboidal crown with low inclination;
smooth or ornamented with radiating ridges and fur-
rows; superpositional growth with dentine in crown;
cellular and acellular bone in base and outer enameloid
layer on crown; long fine branching ascending vascu-
lar canals rising from neck towards crown centre in
each dentine growth layer; fine network of horizontal
and radial canals in crown.

Species content. Gomphonchus sandelensis (Pander
1856); G. alveatus Vieth 1980; G.? bogongensis Bur-
row 1997; G. hoppei (Gross 1947); G. liujingensis Wang
Nian-zhong 1992; G. tauragensis Valiukevicius 1998;
G.? turnerae Burrow 1995.

Range. Early Silurian (Wenlock) – Early Devonian
(Emsian).

Fig. 32. Climatiida indet. Histology of scale.
A: Scale in vertical longitudinal section, MGUH VP 3561, × 177. B: Scale in vertical longitudinal section, close up of crown, MGUH
VP 3561, × 590.
MGUH VP 167 from GGU sample 82738, Halls Grav.
ccv: cavities in crown; ocv: osteocyte cavities.

GEUS Bulletin 182.p65 17-01-00, 13:4159



60

Remarks. Gross (1971) concluded, contrary to earlier
views (Gross 1947), that several specimens of the type
species, G. sandelensis, have bone cells in the basal
tissue. Often specimens lack this distinct character,

probably due to differences in preservation. J. Valiuke-
vicius (1995; personal communication 1998) suggests
that Gomphonchus may have both cellular and acellu-
lar bone in the base.

Gomphonchus cf. G. sandelensis (Pander 1856)
Fig. 29H–L, I; Fig. 33

Syntypes. Gomphodus sandelensis, Pander 1856, table.
6, fig. 15–17. Late Silurian (Pridoli), Ohesaare Forma-
tion, Saaremaa, Estonia. The types have been lost.

Figured material. MGUH VP 3562 from GGU sample
319264, MGUH VP 3563–3566, 3632 from GGU sam-
ple 82738.

Other material. Hundreds of specimens from GGU
samples 82734, 82736, 82737, 82738, 298937 and
319264.

Locality and age. The Halls Grav and Monument lo-
calities, Hall Land, North Greenland, Chester Bjerg
Formation, Late Silurian – Early Devonian (Pridoli–Loch-
kovian).

Diagnosis. Small and large scales (0.3–1.2 mm) with
low inclined and flat rhomboidal crown; smooth or
anteriorly ridged upper crown surface; crown bend-
ing slightly down anteriorly; neck high and distinct
with posterior vertical ridges; base convex, often dis-
placed anteriorly; superpositional growth with long,
fine, little branching, ascending vascular canals; acel-
lular bone in the base.

Scale morphology. Scales of Gomphonchus cf. G. san-
delensis are very rare and vary in colour from yellow-
brownish to darker brown. They are poorly preserved,
often with broken crown edges, and are represented
by one main morphotype. Scale length equals crown
length and varies between 0.2 and 1.0 mm. The crown
is rhomboidal in shape with rounded corners. The

Fig. 33. Gomphonchus cf. G. sandelensis. Histology of the scale.
A: Scale in vertical longitudinal section, MGUH VP 3566, × 216.
B: Scale in horizontal crown section, MGUH VP 3632, × 191.
All specimens from GGU sample 82738, Halls Grav.
avc: ascending vascular canals; dt: dentine tubules; orgb: or-
ganism borings or burrows.

Fig. 34. Poracanthodes. SEM photomicrographs. Scale bars equal 0.2 mm.
A–G. Poracanthodes cf. P. punctatus. A: Scale in crown view, MGUH VP 3572. B: Scale in oblique crown view, MGUH VP 3572.
C: Scale in oblique crown view, MGUH VP 3573. D: Scale in postero-basal view, MGUH VP 3574. E: Scale in oblique basal view,
MGUH VP 3575. F: Scale in oblique crown view, MGUH VP 3576. G: Scale in oblique crown view, MGUH VP 3577.
H–L. Poracanthodes cf. P. porosus. H: Scale in oblique crown view, MGUH VP 3583. I: Scale in crown view, MGUH VP 3596.
J: Scale in oblique crown view, MGUH VP 3596. K: Scale in oblique crown view, MGUH VP 3582. L: Scale in crown view, MGUH
VP 3584.
MGUH VP 3572–3577, 3584 from GGU sample 82738, Halls Grav; MGUH VP 3582 from GGU sample 82736, Halls Grav; MGUH
VP 3583, 3596 from GGU sample 319264, Monument.
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anterior corner is more rounded than the pointed pos-
terior end. The most anterior part of the crown often
bends down slightly towards the base. Often concen-
tric layers are evident, due to abrasion, on the smooth
crown surfaces, which are flat or slightly convex. The
clear bilateral symmetry is often lost in these scales
(Fig. 29H). From the flat dorsal surface and the sharp
edges, the crown slopes with a low angle towards the
crown centre and bends back again, forming a quite
distinct and high neck. The neck is evenly high all
around the scale, given by very little or no visible in-
clination. Posteriorly, the lower part of the neck has
vertical ribs with intervening openings of the dentine
canals. Small dentine canal or tubule openings are vis-
ible all around the neck. The junction between the
neck and the base is characterized by a well marked
rim. In basal view, the base is oval or rhombic with
rounded corners and often clear concentric striping.
The high vaulted base is narrower than the crown,
often with the swelling displaced anteriorly.

Scale histology. Many scales are poorly preserved and
the histological structures are often disturbed by ir-
regular canals formed by boring organisms (Fig. 33B).
G. cf. G. sandelensis has a superpositional type of
growth with at least 8 layers superposed on the em-
bryonic scale (Fig. 33A). Narrow ascending canals in
each dentine layer divide and send off few side-
branches of finer tubules (Fig. 33B). Osteocyte cavi-
ties are not clearly visible in the base. Numerous tubules
of Sharpey’s fibres in the base run radially and per-
pendicularly from the outer surface towards the cen-
tre.

Scale dimensions. Length 0.2–1.0 mm; width 0.2–1.0 mm.

Remarks. G. cf. G. sandelensis differs from the type
material by not having the distinct neck ribs anteriorly
and the anterior ribs of the upper crown surface. A
few scales from the Halls Grav locality are found which
might come from the head region. The true taxonomical
affinity, however, is unknown and they could be re-
lated to any of the acanthodian scale taxa.

Occurrence. G. cf. G. sandelensis, Pridoli–Lochkovian,
Hall Land, North Greenland; G. sandelensis, Wenlock–
Pridoli, Saaremaa, Estonia and Latvia; Ludlow, Gotland,
Sweden; Pridoli, Scania, Sweden; Pridoli, Timan-
Pechora region, north-eastern part of European Rus-
sia; Pridoli, erratic boulder, Germany; Lower Devonian,
Arctic Canada; Lochkovian, Spain.

Genus  Poracanthodes Brotzen 1934

Type species. Poracanthodes punctatus Brotzen 1934.
Lower Devonian? erratic boulder (Bey. 36), the low-
lands of northern Germany. Later designated as type
species by Gross (1971), see also Valiukevicius (1992).

Diagnosis. Large and small scales with flat rhomboidal
crown; ornamented crown with short parallel or radial
ridges on anterior part, alternatively unornamented;
posterior part of crown smooth or often with concen-
tric grooves and multicuspidate ridges; pore canal sys-
tem with radial pore, arcade pore and pore canals;
pore canals open on upper crown surface with nu-
merous pores arranged in radial or concentric rows;
crown composed of dentine and mesodentine; base
composed of acellular bone or bone with osteocyte
cavities. (Modified from Valiukevicius 1992.)

Species content. Poracanthodes punctatus Brotzen
1934; P. gujingensis Wang Nian-zhong & Dong Zhi-
zhong 1989; P. menneri Valiukevicius 1992; P. porosus
Brotzen 1934; P. subporosus Valiukevicius 1998.

Range. Late Silurian (Ludlow) – Early Devonian (Loch-
kovian).

Remarks. For a long time Poracanthodes was consid-
ered to represent lateral line scales of Gomphonchus
(Gross 1971; Denison 1979), an idea subsequently
changed by the find of articulated specimens of Pora-
canthodes menneri with a complete squamation of
poracanthodiform scales (Valiukevicius 1992). Valiuke-
vicius (1995) also introduced a Poracanthodes type of
histology for scales, including several genera such as
Poracanthodes, Gomphonchus (only G. hoppei), Ecto-
pacanthus and Lietuvacanthus. This grouping is not
stable for taxonomical usage since, for example, sev-
eral species within Poracanthodes differ by either hav-
ing superpositional or areal growth which should serve
as a character to split up the now well established
genus Poracanthodes. Revision is also prompted by
the presence of cellular or acellular bone tissue.
Vergoossen (1997) proposed a taxonomical revision
of poracanthodid acanthodians but this cannot be com-
pletely adapted, since his reassignment of the type
species Poracanthodes punctatus to P. porosus and the
new Brotzenolepis punctatus is inadmissible following
the International Code of Zoological Nomenclature
(Ride et al. 1985, Article 61a) and thereby not valid.
Although the validity of the genus Poracanthodes has
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Fig. 35. Poracanthodes cf. P. punctatus. Histology of the scale.
A: Scale in vertical longitudinal section, MGUH VP 3578, × 174. B: Scale in horizontal crown section, MGUH VP 3579, × 152. C: Scale
in vertical longitudinal section, close up of basal tissue, MGUH VP 3580, × 548. D: Scale in vertical longitudinal section, close up of
crown, MGUH VP 3581, × 514.
All specimens from GGU sample 82738, Halls Grav.
apoc: arcade pore canals; avc: ascending vascular canals; dt: dentine tubules; ocv: osteocyte cavities; rpoc: radial pore canal;
rvc: radial vascular canals; sf: tubules for Sharpey’s fibres.
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been questioned, it became definitely valid when
Valiukevicius (1992) designated P. punctatus as the type
species.

Poracanthodes cf. P. punctatus Brotzen 1934
Fig. 34A–G; Fig. 35

1986a Poracanthodes aff. punctatus Brotzen – Märss,
p. 57, plate 32, figs 6, 7, 9.

Syntypes. Poracanthodes punctatus, Brotzen 1934, plate
3, figs 1, 8. Lower Devonian? erratic boulder (Bey. 36),
the lowlands of northern Germany. The material seems
to be lost.

Figured material. MGUH VP 3572–3581 from GGU
sample 82738.

Other material. Hundreds of specimens from GGU
samples 82734, 82736, 82737, 82738, 298937, 298960
and 319264.

Locality and age. The Halls Grav and Monument lo-
calities, Hall Land, North Greenland, Chester Bjerg
Formation, Late Silurian – Early Devonian (Pridoli–
Lochkovian).

Diagnosis. Small and large poracanthodid scales with
rhomboidal crown; anterior crown margin round or
angular; anterior part smooth, rarely with short ridges,
often with median sulcus; crown surface with concen-
tric rows of tiny pores, parallel to the postero-lateral
crown margins; high neck with posterior openings for
radial pore canals above openings for vascular canals;
superpositional type of growth; pore canal system with
radial pore canals connected by arcade pore canals;
pore canals run from arcade canal to openings in the
upper crown surface.

Scale morphology. Scales of Poracanthodes cf. P.
punctatus vary in colour from dirty white to amber
brown or dark brown. They are quite well preserved

and highly variable in size, 0.2–0.9 mm in length. The
crown shape is smoothly rhomboidal with a rounded
anterior outline and a longer, pointed posterior part
(Fig. 34A–C, F, G). The crown has a very low inclina-
tion but anteriorly the flat or slightly convex crown
bends down slightly towards the base. Small pores are
visible on the otherwise smooth upper surface. They
have an almost concentric orientation in the posterior
part, following the growth lamellae. Pores on the cen-
tral anterior part of the upper crown surface are ar-
ranged along narrow slits or furrows of different length.
They have an antero–posterior orientation and may be
difficult to separate morphologically from the anterior
part of the more concentric rows. Just below the acute
margins, the crown gets narrower, forming a high dis-
tinctive neck. Large openings of four or six radial ca-
nals are visible on the part of the neck that joins the
lower side of the crown (Fig. 34D, E). Smaller vascular
canal openings, on a lower level on the neck, occur
posteriorly where vertical slits or furrows are also de-
veloped at the basal part of the neck. The base is round
or rhomboidal and follows the shape of the crown.
The base and the neck are clearly separated by a brim.
Posteriorly the crown is larger and projects over the
base. The anteriorly displaced base, which seldom
projects anteriorly, is usually higher in the frontal part.
Growth lines are sometimes clearly visible at the basal
surface.

Scale histology. The scales show superpositional growth
with up to nine lamellae superposed on the embry-
onic scale, but due to their thinness these are some-
times difficult to detect in the upper posterior part of
the crown. External morphological characters also sug-
gest superpositional growth. The crown is composed
of dentine with narrow ascending vascular canals ris-
ing from the basal part in each growth zone (Fig. 35A).
These dentine canals branch into fine dentine tubules,
forming a complex and multibranched dentine pattern
(Fig. 35D). Each ascending canal joins with the den-
tine canal in the next lamellae by larger horizontal
dentine canals. These radial vascular canals must not be
confused with the larger radial pore canals that belong

Fig. 36. Poracanthodes cf. P. porosus. SEM photomicrographs. Scale bars equal 0.2 mm.
A: Scale in crown view, MGUH VP 3585. B: Scale in oblique crown view, MGUH VP 3586. C: Scale in crown view, MGUH VP 3587.
D: Scale in crown view, MGUH VP 3588. E: Scale in oblique crown view, MGUH VP 3588. F: Scale in crown view, MGUH VP 3597.
G: Scale in crown view, MGUH VP 3589. H: Two joint scales in crown view, MGUH VP 3590. I: Scale in crown view, MGUH VP
3591. J: Scale in crown view, MGUH VP 3592. K: Scale in postero-basal view, MGUH VP 3593. L: Scale in oblique basal view, MGUH
VP 3593.
MGUH VP 3585–3593 from GGU sample 82738, Halls Grav; MGUH VP 3597 from GGU sample 319264, Monument.
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to the pore canal system of porosiform acanthodian
scales. The pore canals are best visible as openings on
the crown surface where they form the typical pattern
of P. cf. P. punctatus. Four or six large radial pore
canals extend from the centre and open on the neck,
close to the lower crown surface (Fig. 35B). On a
slightly higher level concentric arcade pore canals are
developed, following each growth lamellae. The base
has growth layers parallel to the subsurface, composed
of cellular bone with round or spindle-shaped osteo-
cyte cavities (Fig. 35C) which are arranged along the
boundaries of the individual layers. The basal tissue
also contains fibres and short multibranched canals.
Perpendicular to the layers and the parallel fibres both
long and short tubules of Sharpey’s fibres are devel-
oped.

Scale dimensions. Length 0.2–0.9 mm; width 0.2–1.0 mm.

Remarks. Poracanthodes punctatus Brotzen 1934 from
erratic boulders of the North German lowlands differs
from present material by not having clear narrow longer
slits on the anterior part of the crown surface. Other
specimens from erratic boulders of similar age also
lack this character and may also differ by having a
deeper sulcus in the anterior part of the crown (Gross
1947, 1971; Märss 1986a). Scales from the Late Silurian
(Pridoli) Kaugatuma Stage of Estonia, referred by Märss
(1986a) to P. aff. P. punctatus, are morphologically simi-
lar to the scales from North Greenland.

Some of the head scales of unknown affinity (Fig.
43A–C) may belong to Poracanthodes cf. P. punctatus
or other acanthodian taxa.

Occurrence. Poracanthodes cf. P. punctatus, Pridoli–
Lochkovian, Hall Land, North Greenland; Poracanth-
odes punctatus, Pridoli–Lochkovian, Estonia and Latvia;
Pridoli, Manbrook, Welsh Borderland, Great Britain;
Early Devonian, erratic boulder, lowlands of northern
Germany.

Poracanthodes cf. P. porosus Brotzen 1934
Fig. 34H–L; Fig. 36; Fig. 37

1976 ‘Gomphodus’ and ‘Poracanthodes’ types – Ben-
dix-Almgreen, fig. 443G–I, K.

Holotype. Poracanthodes porosus Brotzen 1934, plate 3,
fig. 2, Lower Devonian? erratic boulder (Bey. 36), low-
lands of northern Germany. Material seems to be lost.

Figured material. MGUH VP 3582 from GGU sample
82736, MGUH VP 3584–3595 from GGU sample 82738,
MGUH VP 3583, 3596, 3597 from GGU sample 319264.

Other material. Thousands of scales are available from
GGU samples 82734, 82736, 82737, 82738, 298937,
298953, 298954, 298960, 298963 and 319264.

Locality and age. The Halls Grav and Monument lo-
calities, Hall Land, North Greenland, Chester Bjerg
Formation, Late Silurian – Early Devonian (Pridoli–Loch-
kovian).

Diagnosis. Small and large scales with superpositional
or areal growth; rhomboidal crown with smooth or
ridged anterior part; zigzag growth pattern on poste-
rior part of crown; upper crown surface with radial rows
of large pores; pore canal system with pore canals
which run from the wide radial pore canals towards
upper crown surface; radial pore canal openings on
the upper part of the neck.

Scale morphology. Scales of Poracanthodes cf. P. porosus
are very common in all the vertebrate yielding sam-
ples from the Chester Bjerg Formation. They are badly
preserved and the posterior part of the crown is usu-
ally broken or completely destroyed. The colour of
the scales varies from white to dark brown within the
same sample. There is a high variability in size among
this morphologically homogeneous group of scales,
but it is still possible to detect several basic types.

The most common type has a posteriorly protrud-
ing crown which may be smoothly rhomboidal or
rounded and sometimes with a more irregular shape
(Fig. 36C–L), which may be due to two scales that
have grown together (Fig. 36H). The crown is usually
flat with a very low plane inclination, but it may be
slightly convex or concave (Fig. 36D, E, G, H). Up to
six rows of pore openings run radially or longitudi-
nally from the centre towards the posterior margin of
the otherwise smooth crown surface, but clear pores
are absent in some specimens (Fig. 36G, H). Up to
eight wider, deeper furrows with intermediate ridges
are developed and extend from the centre towards the
anterior crown margin. The upper crown surface often
appears heavily worn and the ornamentation is only
weakly visible. In some specimens it is possible to
detect a faint zigzag growth pattern in the posterior
part of the crown (Fig. 36C, I). The well pronounced
neck is quite low and perforated by small and larger
pores in the anterior part (Fig. 36K, L). The smaller
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pore openings are concentrated on a median level,
representing the openings of radial vascular canals.
The larger openings are arranged in short slit-like rows
on the lower side of the crown and towards the neck.
They represent the radial pore canal and associated
pore canals. The anteriorly protruding base is strongly
convex and separated from the crown and its neck by
a well marked rim. The anterior part of the concentri-
cally striped base is higher and more vaulted than the
posterior part.

A few scales have a more elongated rhomboidal
shape of the crown and show a clear zigzag pattern in
the posterior part of the crown (Fig. 34K). The ante-
rior part is smooth, often with a marginal sulcus.

A second scale type differs mainly by the ornamen-
tation of the upper crown surface. It lacks the weak
zigzag pattern in the posterior part of the crown. In-
stead these scales have concentric grooves parallel to
the postero-lateral margins (Fig. 34L; Fig. 36A). The
pore canal openings are still arranged radially and
perpendicular to these grooves. In the anterior part of
the crown up to eight regular wide furrows with inter-
mediate ridges are developed.

The third distinct scale type has a more rounded
crown with short irregular and weakly developed ridges
on the anterior part of the upper crown surface (Fig.
34I, J). Pore canal openings are arranged in radial rows
that run from the centre towards the posterior margin.
Between the rows are ridges, which are cut by con-
centric growth lines that give an overlapping zigzag
growth pattern. The scales have neck pores and ridges
on the posterior part of the clear and relatively high
neck.

Scale histology. The first and most common type of
scale has superpositional growth with at least six lay-
ers superposed on the embryonic scale. The second
type probably has superpositional growth while the
third type most likely has areal growth. The dentinous
crown has ascending vascular canals rising from the
basal part which branch into finer dentine tubules in
each growth zone (Fig. 37A). The pore canal system
of these porosiform scales is characterized by up to six
wide radial pore canals (Fig. 37B). Several wide pore
canals extend from the radial pore canals towards the
upper crown surface, where they are visible as large
pore openings. No arcade canals are found in the North
Greenland forms. The radial pore canals open on the
lower crown surface, close to the neck (Fig. 36K, L).
The smaller openings of the radial vascular canals open
on the neck. The base has growth layers composed of

cellular bone with round or spindle-shaped osteocyte
cavities parallel to the subsurface (Fig. 37A). Both long
and short tubules of Sharpey’s fibres are developed
perpendicular to the layers and the parallel fibres.

Scale dimensions. Length 0.2–1.0 mm; width 0.2–1.0 mm.

Remarks. Valiukevicius (1992) showed that the vari-
ability among scales from different parts of the body
of Poracanthodes menneri from the Lower Devonian
of Severnaya Zemlya is not notably large which, to-
gether with histological characters, suggests that scales
referred here to P. cf. P. porosus, probably belong to
several species. The three basic types of P. cf. P. porosus

Fig. 37. Poracanthodes cf. P. porosus. Histology of the scale.
A: Scale in vertical longitudinal section, MGUH VP 3594, × 122.
B: Scale in horizontal crown section, MGUH VP 3595, × 127.
Both specimens from GGU sample 82738, Halls Grav.
avc: ascending vascular canals; dt: dentine tubules; ocv: osteo-
cyte cavities; poc: pore canals; rpoc: radial pore canal; sf: tu-
bules for Sharpey’s fibres.
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from the Chester Bjerg Formation mainly differ in the
ornamentation in the anterior part of the crown and
by growth type. The first and most common type shows
regular ridges and furrows on the anterior part of the
crown. This type is similar to Poracanthodes subporosus
Valiukevicius 1998 by appearing to have superpositional
growth, but differs notably by the anterior crown or-
namentation. The second scale type (Fig. 34L, 36A)
has the same regular anterior ridges and furrows, but
differs from the first type by having concentric grooves
without any clear radially oriented pores. These two
types may together be sufficiently diagnostic to estab-
lish a new taxon, but since poracanthodid taxonomy
is still controversial, it is preferable to keep their affin-
ity open for future revision of the group. There are,
however, a few scales that show closer morphology to
P. porosus s.s. The last described morphotype (Fig. 34I,
J) is similar to scales of specimens of P. menneri found
in the Lower Devonian of Severnaya Zemlya (Valiuke-
vicius 1992). Related isolated scales are also found in
the eastern Baltic and the central Urals (Märss 1997).

Occurrence. Poracanthodes cf. P. porosus, Pridoli–
Lochkovian, Hall Land, North Greenland; Poracanth-
odes porosus, Pridoli–Lochkovian, Estonia and Latvia;
Lower Devonian, erratic boulders, Germany; Pridoli,
Manbrook, Welsh Borderland, Great Britain.

Acanthodii indet.
Spine fragments
Figs 38–40

Figured material. MGUH VP 3598 from GGU sample
82736, MGUH VP 3599–3603 from GGU sample 82738,
MGUH VP 3604, 3605 from GGU sample 298937.

Other material. Hundreds of small fragments, mostly
poorly preserved, from GGU samples 82734, 82736,
82737, 82738, 298937, 298954, 298963 and 319264.

Locality and age. The Halls Grav and Monument lo-
calities, Hall Land, North Greenland, Chester Bjerg
Formation, Late Silurian – Early Devonian (Pridoli–Loch-
kovian).

Morphology. Despite the fragmental preservation of the
fin spines from the Chester Bjerg Formation, the orna-
mentation of smooth longitudinal ribs suggests a com-
mon morphology. These fragments are derived from

both the proximal and distal parts of the spines and
show different stages of development (Figs 38, 39).

A well preserved proximal fragment of an assumed
juvenile spine, triangular in cross section, exposes a
quite short maybe broken base and a posteriorly wide
open central pulp cavity (Fig. 38C, D). Five broad,
evenly sized, spine ribs run parallel towards the bro-
ken terminations. The ribs have a characteristic smooth
surface and are rounded in cross section. The distal
part of this particular spine is lacking but the equiva-
lent stage is represented by many other fragments, with
five to seven slender ribs that converge towards the
apex (Fig. 38E, G–I). Fragments from the distal part
have a closed central cavity and a posterior shallow
furrow or slit of variable width and size. They are of-
ten round or oval in cross section, but can also be
triangular and more laterally flattened. It is difficult to
tell if the several types of fragments that represent distal
terminations are from old or young spines. Several
larger fragments with seven ribs have similar cross sec-
tions and the same gross morphology, but they repre-
sent the middle part of older spines (Fig. 40).

Most fragments have the same general morphology
with evenly sized ribs that in the most distal part con-
verge and join to form wider ribs. Some fragments,
however, from distal and other parts have ribs of vari-
able size. The variation may involve smaller ridges
occurring as striations on the larger anterior ribs (Fig.
38G) or larger lateral ridges (Fig. 38H, I). Some frag-
ments are slightly curved.

One slender fragment has narrow noded ribs, which
is a character common for spines of climatiids (Fig.
38A, B). Between each rib small pore holes are visible.

Histology. Due to the fragmental preservation it is dif-
ficult to define old or young spine fragments by only
looking at the general morphology. Old scales have
an immature proximal part and mature middle and
distal parts. Most spines under discussion seem to be
quite young and histological characters indicating ma-
turity are mainly visible in distal fragments.

The superficial layer, forming the main part of the
ribs, is the same in all fragment types (Fig. 40) and is
composed of dentinous tissue with irregular branch-
ing tubules and rare joining lacunae. This dentine or
perhaps mesodentine-like superficial layer gradually
turns into a middle layer with concentrically laminated
vascular canals. Usually this tissue, sometimes referred
to as trabecular dentine (Denison 1979) but more cor-
rectly as osteodentine (Ørvig 1967), forms the main
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Fig. 38. Acanthodian fin spine fragments. SEM photomicrographs.  Scale bars equal 0.5 mm.
A: Fragmental middle part in postero-lateral view, MGUH VP 3599. B: Fragmental middle part in postero-lateral view, close up of
noded ribs, MGUH VP 3599. C: Fragmental proximal part in anterior view, MGUH VP 3604. D: Fragmental proximal part in lateral
view, MGUH VP 3604. E: Fragmental middle part in lateral view, MGUH VP 3605. F: Fragmental distal part in lateral view, MGUH
VP 3600. G: Fragmental distal part in lateral view, MGUH VP 3598. H: Fragmental distal part in lateral view, MGUH VP 3601.
I: Fragmental middle part in lateral view, MGUH VP 3602.
MGUH VP 3598 from GGU sample 82736, Halls Grav; MGUH VP 3599–3602 from GGU sample 82738, Halls Grav; MGUH VP 3604,
3605 from GGU sample 298937, Halls Grav.
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bulk of the immature spine and slightly less of the
mature one. The vascular canals are predominantly
longitudinal and parallel to longitudinal supporting fi-
bres. Larger canals are concentrated in the anterior
region of the spine and they may be enlarged or a
number may unite to form a subcostal-like canal. It is
also possible to detect differently oriented shorter ca-
nals that connect these larger canals.

Fragments from immature parts of a spine have a
very thin basal layer of cellular bone lining the either
open or closed central cavity. The central cavity, how-
ever, is filled by central cavity denteon at maturity.
Radial canals extend from the central cavity towards
the middle layer and may sometimes merge with the
vascular canals.

Remarks. Despite the uniform type of morphology the
spines from Chester Bjerg Formation show quite pro-
nounced differences due to the size and maturity of
the spines. There may be true taxonomical differences
or reflect variation between spines from different po-
sitions on the body.

The general morphology is similar to spines of
Ischnacanthidae, Acanthidae and smooth-ribbed spines
of uncertain origin often placed within Onchus (Deni-
son 1979). However, many different types with a wide

Fig. 39. Schematic illustration showing fin spine cross sections and the different stages of development. Scale bar equals 1 mm.
A: Proximal part of immature spine. B: Proximal part of slightly matured spine. C: Middle part of immature spine. D: Distal part of
immature spine. E: Distal part of slightly matured spine.

Fig. 40. Histology of acanthodian fin spine. Cross section, MGUH
VP 3603 from GGU sample 82738, Halls Grav, × 82.
ccv: central cavity; ccvd: central cavity denteon; rc: radial ca-
nals; sl: superficial layer; vc: vascular canals.

Fig. 41. Acanthodian dental elements. SEM photomicrographs. Scale bars equal 0.2 mm.
A: Tooth whorl in lateral view, MGUH VP 3611. B: Tooth whorl in oblique upper view, MGUH VP 3606. C: Tooth whorl in visceral
view, MGUH VP 3615. D: Tooth whorl in oblique upper view, MGUH VP 3607. E: Tooth whorl in oblique upper view, MGUH VP
3608. F: Tooth whorl in lateral view, MGUH VP 3616. G: Single tooth element in lateral view, MGUH VP 3609. H: Single tooth
element in lateral view, MGUH VP 3610. I: Single tooth element in anterior view, MGUH VP 3612. J: Fragment of posterior part of
a jaw bone in upper view, MGUH VP 3613. K: Fragment of middle part of a jaw bone in postero-lateral view, MGUH VP 3617.
L: Fragment of anterior part of a jaw bone in inner lateral view, MGUH VP 3614.
MGUH VP 3606–3610 from GGU sample 82736, Halls Grav; MGUH VP 3611–3614 from GGU sample 82738, Halls Grav; MGUH VP
3615, 3616 from GGU sample 298937, Halls Grav; MGUH VP 3617 from GGU sample 319264, Monument.
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time range have been referred to Onchus, suggesting
an unsatisfactory taxonomic situation. Several of these
species probably belong to Gomphonchus. According
to Gross (1971) Gomphonchus is completely built up
by dentine and mainly characterized by unornamented
smooth ridges. The material from Greenland should
therefore be of Gomphonchus type, but Gross (1971)
included Poracanthodes within Gomphonchus, an idea
now changed by the find of articulated Poracanthodes
menneri (Valiukevicius 1992). Gomphonchus, as de-
fined by Gross (1971), is known to have spines with
an inserted base, while Poracanthodes does not (Valiu-
kevicius 1992). The presence of Poracanthodes and
Gomphonchus scales in the North Greenland material
leaves the position of the spines open to discussion.

The rarity of the single spine fragment with orna-
mented ridges may suggest a close relation with Nos-
tolepis or Climatiida indet. scales found in the same
sample. Although it is unusual for Ischnacanthidae to
have noded or tuberculate fin-spine ridges (Denison
1979), Gross (1971) figured such fragments referred to
Gomphonchus from erratic boulders in Germany.

Occurrence. Pridoli–Lochkovian, Hall Land, North
Greenland.

Dental elements
Figs 41, 42

1976 Tooth whorls of ‘Gomphodus’ (‘Plectrodus’) type
– Bendix-Almgreen, fig. 443L, M.

1976 Nostolepis sp. fragments of dentigerous jaw-
bones – Bendix-Almgreen, fig. 443O, P.

Figured material. MGUH VP 3606–3610 from GGU
sample 82736, MGUH VP 3611–3614, 3618 from GGU
sample 82738, MGUH VP 3615, 3616 from GGU sam-
ple 298937, MGUH VP 3617 from GGU sample 319264.

Other material. Several hundred tooth whorls, single
teeth and jaw bone fragments from GGU samples 82734,
82736, 82737, 82738, 298937, 298953, 298954, 298960,
298963 and 319264.

Locality and age. The Halls Grav and Monument locali-
ties, Hall Land, North Greenland, Chester Bjerg Forma-
tion, Late Silurian – Early Devonian (Pridoli–Lochkovian).

Tooth whorl description. Tooth whorls of the main type
are bilaterally symmetrical, with a series of teeth on a

curved base. They show little curvature and have only
two three-cusped tooth rows on each whorl (Fig. 41A–
D). They range greatly in total size, 0.5–1.5 mm in
length, but the main proportions are preserved even
in the smallest specimens. The tooth rows are usually
equal in size, but the anterior tooth row may be slightly
smaller than the other. Each row has a long slender
main central cusp and a pair of smaller side cusps. The
main cusp curves posteriorly and is about five times
higher than the shorter and more robust side cusps.
Small weakly developed ridges or striae run proximally
along the main cusp. In some specimens one pair of
longer lateral ridges is developed, running almost along
the whole length of the main cusp. All cusps are round
or oval in cross section, with a wider proximal part.
The base of the whorl is round, elongated or square
and usually deeply concave in basal view (Fig. 41C).
Large canal openings are visible on the upper as well
as the lower surface of the base. On the upper surface
they are often visible as a ring along the margins of
the basal part of the whorls. Due to the poor preserva-
tion and delicate structures, many specimens are found
with broken cusps, exposing the central pulp canal.
The colour is usually pale brown but may vary from
white to dark brown.

A few specimens differ mainly by having three or
four tooth rows and several variably sized side cusps.
They are often irregularly oriented and the whole whorl
tends to be less symmetrical (Fig. 41F). The side cusps
point in different directions and decrease in size later-
ally. The main cusp is short and robust with small,
pronounced, longitudinal ridges. The difference in
height between the main cusp and the largest side
cusps is less than four times. The more curved base is
only anteriorly to posteriorly concave and almost con-
vex transversely.

A third symmetric type, represented by one broken
specimen, is found with at least five tooth rows (Fig.
41E). This type is much lower than the previous ones
and the total number of tooth rows is unknown due to
posterior breakage of the only well preserved speci-
men. Each row has a robust main central cusp and
two pairs of side cusps, decreasing in size laterally.
The size of the cusps in each row also decreases
anteriorly and the cusps at front are very tiny. The
base is wide, flat and less curved than the second type,
with few visible canal openings.

In the large main tooth cusp in the first and most
common tooth whorl, dentine surrounds a large cen-
tral pulp cavity (Fig. 42), with branching dentine tu-
bules radiating towards the outer surface which may
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show a thin shiny enameloid layer. Proximally the pulp
canal branches into a net of vascular canals surrounded
by dentine and light cellular bone in the main body of
the tooth whorl. The thin layer of basal tissue is com-
posed of more dense cellular bone, penetrated by a
few short canals.

Single tooth description. The single tooth type resem-
bles a modified tooth whorl having only one row of
cusps (Fig. 41G–I). The main single central cusp is
slender and very long. It is smooth, straight or curved
and has a weak striation on the proximal part. On
each side and around the many times longer central
cusp two, or rarely up to four smaller cusps are devel-
oped. These side cusps are not necessarily symmetri-
cally oriented around the main cusp. A central pulp
cavity is exposed when the apex of the cusps is bro-
ken (Fig. 41B). The sloping upper side of the base is
round and thin, exposing large canal openings on the
dorsal surface. In basal view, the base has canal open-
ings on the deeply concave surface. Histologically, these
teeth have the same basic structures seen in tooth
whorls.

Jaw bone description. Jaw bones are very poorly pre-
served and it is difficult to find a consistent morphol-
ogy among all the small fragments. One of the best
preserved fragments is about 1.5 mm long and repre-
sents a fragment of the middle part of a jaw (Fig. 41K).
Teeth are located on the outer half of the main jaw
bone. Half the length of the lateral margin has one

row of small tightly packed mono-cusped teeth, while
the anterior half has two rows of two larger, separated,
three-cusped teeth. Each of these consists of one larger
main cusp and two smaller side cusps. Each cusp is
heavily worn and more rounded than subtriangular.
The inner teeth are slightly larger than the marginal
ones. The jaw bone has a vertical lateral outer side
and an inner side that slopes gently antero-laterally in
the posterior part. In the inner anterior part the slope
is initially more vertical, forming an almost L-shaped
cross-section. In basal view, the jaw-bone fragment is
almost square with a concave basal surface. On the
broken anterior and posterior ends, several large pores
and cavities after the vascular system are visible. Both
marginal rows of teeth are in line with the vertical
outer lateral side of the jaw bone.

Another fragment shows the anterior broken part of
the jaw with a large tooth cusp and a posterior row of
smaller side cusps (Fig. 41L). The fragment is 1.8 mm
long. The slightly broken main cusp is 0.5 mm high,
about 75% of the total jaw height, and has a subtrian-
gular parabasal section with straight lateral and poste-
rior sides, forming an almost perpendicular postero-
lateral corner. The antero-lateral side is more rounded
between the other two sharp corners. In width, the
main cusp forms almost the whole part of the support-
ing jaw bone, which is triangular in cross section. Three
laterally flattened side cusps run posteriorly along the
outer lateral edge and vertical side. They have an el-
liptical parabasal section and are about 1/3 of the main
cusp height.

Fig. 42. Histology of acanthodian tooth
whorl. Vertical longitudinal section,
MGUH VP 3618 from GGU sample 82738,
Halls Grav, × 91.
dcd: dense cellular bone; den: dentine;
lcb: light cellular bone; pc: pulp canal;
vc: vascular canal.
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A fragment from the posterior part of a jaw (Fig.
41J) is broken at both ends and is about 0.9 mm long
and 1.0 mm wide. In upper view, it has a trapezoid-
like shape and is narrower posteriorly. It is smooth
and convex on the upper surface, with a flattened an-
terior area bearing small irregular rounded denticles.
The denticles are very low and seem to be heavily
worn. The whole fragment, however, is quite low and
flat or slightly concave in basal view. Spaces after the
cancellous vascular system are visible at the broken
ends.

Remarks. Tooth whorls of the most common type, with
only two three-cusped tooth rows (Fig. 41A–D), were
referred to as Gomphodus by Bendix-Almgreen (1976),
and are similar to the symmetric multiple tooth whorls
of Gomphonchus (Gross 1957). The enclosed basal
concavity suggests that the presence of only two tooth
rows is original and not a result of breakage; this is
also the dominant preservational state. Although re-
ported by Bendix-Almgreen (1976), this form has ap-
parently not been recorded by earlier workers. Gross
(1967b) suggested that less curved whorls in Gomphon-
chus were symphysial, while heavily curved whorls
with many rows where located somewhere in the
mouth cavity. The evidence for this is not unambigu-
ous and, as pointed out by Ørvig (1973), there are no
clear ideas about the relation between tooth whorls
and jaw bones in early ischnacanthids or climatiids.
Whorls can be symphysial, located in the mouth cavity
or even in the branchial region (Gross 1971; Ørvig
1973). Faunal composition and the proportion of acan-
thodian scales suggest that most dental elements de-
scribed in this paper are ischnacanthids represented
by Gomphonchus and poracanthodian scales. The high
number of whorls or ‘semi’ whorls of the first type in
comparison with the low number of preserved jaw
bones, suggests that tooth whorls are from the mouth
cavity or possibly even from the branchial region. No
whorls of the type described as Nostolepis by Gross

(1971) have been found in the material from Hall Land.
The two other types of tooth whorl, rare and with a

higher number of rows, may be similarly interpreted.
They are more similar to the whorls illustrated by Gross
(1957) as Gomphodus. Burrow (1995) argued that an
asymmetric tooth whorl may be parasymphysial, but
not ankylosed to the jaw bone, like the tooth whorls
of, for example, dipnoans. This explanation can be
invoked for the rare multiple tooth whorls under dis-
cussion, but the differences between the types of tooth
whorl may reflect not only different position, but also
different taxonomical affinity.

The single teeth fragments from Greenland are more
or less of one type and are closely related in shape
and histology to the whorls with two teeth rows, indi-
cating a common origin.

The anterior dental jaw bone fragment (Fig. 41L) is
similar to the anterior part of jaw bones earlier attrib-
uted to Nostolepis (Gross 1957, 1971). The subtriangu-
lar parabasal section of the main cusp was originally a
character differentiating it from Gomphonchus Gross
(1957, 1971). He also based this on the idea that very
few higher taxa were present in his material from the
Beyrichienkalk and those present thereby fell conven-
iently into either Gomphonchus or Nostolepis. How-
ever, as pointed out by Denison (1976, 1979), the
histology does not support this idea, since the jaw-
bone attached teeth show no indication of mesoden-
tine, which is characteristic of scales, fin spines and
tooth whorls of Nostolepis. Gross (1971) regarded Po-
racanthodes to be specialized scales of Gomphonchus,
but the find of the articulated Poracanthodes menneri
described by Valiukevicius (1992) suggests that the di-
versity was higher than Gross (1971) originally believed.
Poracanthodes menneri (Valiukevicius 1992) has a
subtriangular parabasal section in the larger main cusps,
suggesting that poracanthodiformes could contain Nos-
tolepis-type jaw bones as defined by Gross (1971). This
is supported by the occurrence of poracanthodiform
scales and Nostolepis-type jaw bone fragments from

Fig. 43. Incertae sedis. SEM photomicrographs. Scale bars equal 0.2 mm.
A–C, E–G. Acanthodian scales and tesserae. A: Scale in oblique crown view, MGUH VP 3619. B: Scale in oblique crown view,
MGUH VP 3623. C: Scale in oblique crown view, MGUH VP 3628. E: Tesserae in crown view, MGUH VP 3620. F: Scale in oblique
crown view, MGUH VP 3624. G: Tesserae in oblique crown view, MGUH VP 3625.
D, H, J. ?Chondrichthyans. D: Unit of odontodes in oblique crown view, MGUH VP 3629. H: Unit of odontodes in oblique crown
view, MGUH VP 3621. J: Unit of odontodes in crown view, MGUH VP 3630.
I: Pisces indet. Plate in upper view, MGUH VP 3626.
K, L. ?Actinopterygian. K: Plate fragment in upper view, MGUH VP 3627. L: Plate fragment in upper view, MGUH VP 3622.
MGUH VP 3619 from GGU sample 82736, Halls Grav; MGUH VP 3620–3627 from GGU sample 82738, Halls Grav; MGUH VP 3628–
3630 from GGU sample 319264, Monument.
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Late Silurian beds of Cornwallis Island, Arctic Canada
(Burrow 1995; Burrow et al. 1997). Assignment to Nos-
tolepis cannot be completely excluded since dental jaw
bone is known in Nostolepis-like articulated acanthodi-
ans (J. Valiukevicius, personal communication 1998).
Ørvig (1973) suggested, and Valiukevicius (1992), dem-
onstrated that the upper jaw of ischnachantids also
has teeth, indicating that the anterior fragment described
here may be from the upper or lower jaw.

The posterior jaw fragment, whether it is from the
upper or lower jaw, is similar to Silurian and lower
Devonian ischnacanthids described by Gross (1971)
and Burrow (1995), but the ornamentation is much
more worn.

The bone fragment from a probably middle part of
a jaw may belong to the same jaw type as the anterior
and the posterior fragments, but the teeth are quite
different. This difference may be taxonomic, but can
also reflect a positional difference.

Occurrence. Pridoli–Lochkovian, Hall Land, North
Greenland.

Incertae sedis

Fig. 43

Figured material. MGUH VP 3619 from GGU sample
82736, MGUH VP 3620–3627 from GGU sample 82738,
MGUH VP 3628–3630 from GGU sample 319264.

Other material. Hundreds of unidentified fragments
from all GGU samples processed, see Fig. 4.

Remarks. Some of the more distinctive of the many
poorly preserved remains found in the residues of the
Chester Bjerg Formation are mentioned here.

Several of the fragments may represent scales from
the head region of acanthodians (Fig. 43A–C, F). They
all have irregular ornamentation on the crown which
merges into the neck anteriorly. The ornamentation
may vary but the scales have the same general mor-

phology. Some rare remains with irregular ornamenta-
tion may also be specialized scales or tesserae of
acanthodians (Fig. 43E, G).

Polyodontodia-like remains (sensu Karatajute-Tali-
maa 1992) usually occur as single specimens and can-
not with certainty be assigned to the true chondrich-
thyans (Fig. 43D, H, J). The odontodes are different in
all these remains and can be rounded or three-cusped,
but they all possess the characteristic neck canals.

One fragmental plate or scale has several smooth,
high and narrow, elongate tubercles on a low com-
pact basal layer (Fig. 43I). Several fragments or plates
with compact tissue have irregularly shaped tubercles
of similar tissue (Fig. 43K, L). These tubercles are heavily
worn and show no distinctive features. They show some
similarity with indeterminate fragments from Gotland,
loosely assigned to Andreolepis hedei (Fredholm 1988).
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