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is probable that the base of the Devonian is absent in 
the sections we are concerned with here.

The stratigraphic occurrence of tesseraspids is 
very restricted in the Lower Devonian of Severnaya 
Zemlya. Tesseraspis mosaica and Tesseraspis sp. 
were collected in the topmost part of the Severnaya 
Zemlya Formation, in locality 1-21 of the Matusevich 
River section, while Tesseraspis sp. was collected in 
localities 21-9 of the Ushakov River section, 41-12 of 
the Spokoinaya River section (equivalent to outcrops 
‘40’ described by Matukhin and Menner 1999, fig. 8; 
see Matukhin and Menner 1999, fig. 2-III; Männik et 
al. 2002, fig. 9), and 67-12 of the Pod’emnaya River 
section (Text-fig. 3 and Appendix). Tesseraspids are 
thus dated as early Lochkovian in the Severnaya 
Zemlya archipelago. This very restricted strati-
graphic distribution may make T. mosaica a potential 
index heterostracan taxon for the Lower Devonian of 
the Arctic regions if further work supports this.

A QUESTION OF SEMANTICS: 
WHAT ARE TESSERAE?

A short historical survey

There is uncertainty as to the meaning of the 
word ‘tessera’ used to describe small bony platelets 
that constitute part or whole of the head carapace of 
some heterostracans. It is classically used for, e.g., the 
Ordovician genus Astraspis Walcott, 1892 to which 
Tesseraspis is sometimes compared (see section 
‘Preliminary nomenclatorial and taxonomic remarks’ 
below). It seems that “it will be difficult to find the 
earliest usage for such a common term because it 
is used outside fish studies and much earlier than 
for fossil fishes (agnathans, placoderms…)” (H.-P. 
Schultze, e-mail on 5.06.2017). For instance, in his 
book “The Pattern of Vertebrate Evolution”, Halstead 
(1969) does not say who coined the term or first dis-
cussed the concept (S. Turner, e-mail on 12.08.2017). 
For Gross (1963, p. 141): “… Tesserae, [sind] kleine, 
polygonale Plättchen…” (small polygonal platelets). 
Tarlo (1962, 1964, a.k.a. Halstead or Halstead Tarlo) 
who made a thorough review of heterostracans with 
tesserae (or what were supposed to be tesserae), does 
not seem to have given a strict definition of the term. 
He simply says that in Astraspis and Eriptychius 
Walcott, 1892 the “Carapace [is] composed of dis-
crete polygonal tesserae” (Tarlo 1962, pp. 252, 254), 
that in Tesseraspis it is “composed of independent 
polygonal plates or tesserae which may be fused to 
form discrete larger plates” (Tarlo 1962, p. 258), and 

that tesserae are ‘small polygonal plates’ (Tarlo 1964, 
p. 2), although he distinguishes the ‘independent tes-
serae’ of Tesseraspis (Tarlo 1964, p. 41) from the 
‘superficial tesserae’ of, e.g., Psammosteus megalop-
teryx (Trautschold, 1880) (Tarlo 1964, pl. 1, fig. 5; 
also his fig. 14A ‘superficial polygonal cyclomorial 
tesserae’). The latter can in fact not be considered 
as actual tesserae (see here below the paragraph de-
voted to psammosteids). Tarlo (1967) did not give 
a definition of tesserae, but proposed a series of 
growth stages leading to a tessellated pattern for the 
heterostracan carapace in which small independent 
bony elements form by accretion of concentric tu-
bercle rings around a central primordial tubercle, 
as is observed on Astraspis (Tarlo 1967, fig. 2; also 
Halstead 1973, fig. 6a–c; what was called cyclomo-
rial growth by, e.g., Ørvig 1951 – fide Tarlo 1967). 
For Dineley and Loeffler (1976, p. 137) “… tesserae 
… are separate in their deep and superficial layers”. 
Reif (1982, p. 297) mentions that “In Drepanaspidae 
[i.e., psammosteids] the large, probably growing head 
plates are separated by a mosaic of small plates (“tes-
serae”)”. For Francillon-Vieillot et al. (1990, p. 486): 
“Tesserae are either small plates of dermal armor 
in fossil ostracoderms and placoderms … or prisms 
or small blocks of calcified tissue belonging to the 
cartilaginous endoskeleton of elasmobranchs and ho-
locephalans …”. They and Moss (1968) argue that 
the term tesserae should be used for bony structures 
and not for prismatic cartilage. Janvier (1996, p. 87) 
defines tesserae as “loosely attached polygonal units 
of spongy aspidine”. For Dean et al. (2010, p. 263): 
“Each tessera is a geometric block (hundreds of mi-
crons deep and wide in adults), comprised of hy-
droxyapatite crystals on a collagen scaffold”. These 
definitions do not say what is the size limit of a tes-
sera or small polygonal platelet.

What can be retained

Tesserae are small plates of dermal bony armour 
of fossil ostracoderms (and gnathostomes); they are 
independent of other bony dermal elements, not be-
ing fused with their surrounding tesserae, platelets or 
plates (sensu Dineley and Loeffler 1976; Francillon-
Vieillot et al. 1990). They are distinguished from 
scales of the trunk and tail by the absence of overlap-
ping or overlapped areas.

Tesserae have been considered to occur in cor-
vaspids (see e.g., Tarlo 1960, 1964, 1965, and thus 
classified as psammosteids). However, as Tarlo (1965, 
p. 16 and pl. 3) says in the diagnosis of Corvaspis 
kingi, its dermal armour has an “Ornamentation of 
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certainly be interpreted as a synapomorphy of the 
group when considered as derived from pteraspids 
[Obruchev 1945 ( fide Tarlo 1964, p. 21); Blieck 1984], 
but contra Halstead 1973, who considered pteraspids 
as derived from a ‘stock’ of tessellated (or suppos-
edly tessellated) heterostracans that Tarlo (1964, 
1965) classified within the order Psammosteiformes. 
This included Tesseraspis, Oniscolepis Pander, 1856, 
Kallostrakon Lankester, 1868, Corvaspis Woodward, 
1934, Weigeltaspis Brotzen, 1933 and all psammo-
steids, that is all heterostracans with tesserae or 
supposed tesserae. Psammosteids (sensu Obruchev 
1964: order Psammosteida; or Glinskiy 2017: mono-
phyletic group [Drepanaspididae [Guerichosteidae 
[[Obrucheviidae + Pycnosteidae] [‘Psammolepididae’ 
+ Psammosteidae]]]]) and pteraspids share a series 
of apomorphic characters, including radiating sen-
sory canals on the dorsal median plate (or disc), the 
occurrence of paired cornual plates, and an unpaired 
dorsal spine (or spinal plate) (Blieck 1984, p. 97). 
Additionally, the smallest known (thus supposedly 
the youngest) Drepanaspis gemuendenensis Schlüter, 
1887 specimen has a head carapace that is made only 
of plates, without tesserae (Kutscher 1933, pl. 34, fig. 
2; Gross 1963, pl. 9, fig. 3), contrary to all adult spec-
imens which show plates and intermediate tesserae 
(e.g., Gross 1963). So, it has been suggested that these 
‘first type’, intermediate tesserae are secondary for 
psammosteids, they appear during ontogenic devel-
opment and their number is important in allowing the 
adult individuals to grow larger (Blieck 1984, p. 97). 
They are considered as non-homologous to the tes-
serae of e.g., Tesseraspis that are supposedly primary.

The second type of ‘tesserae’ in psammosteids 
has been illustrated by Mark-Kurik (1999), Blom et 
al. (2006), Glinskiy and Mark-Kurik (2016), Glinskiy 
(2017), and Glinskiy and Nilov (2017). Mark-Kurik 
(1999) has published a series of dermal skeletal mi-
croremains of Psammosteus sp. from Essi, in SE 
Estonia, collected in the Givetian (Middle Devonian) 
Abava Substage of the Burtnieki Stage. “The ele-
ments described … are small independent ones, both 
single and complex. Some of them resemble turiniid 
thelodont scales, the others chondrichthyan scales.” 
(Mark-Kurik 1999, p. 5). “The single elements may 
be very small, 0.3–0.5 mm high, but they can also 
reach 1.0 mm in height. In the larger complex ele-
ments, forming tiny platelets (“tesserae”) or scales, 
the size range varies from 1.0 to 2.1 mm in length and 
from 0.8 to 2.5 mm in width” (Mark-Kurik 1999, p. 9 
and figs 3–6), thus much smaller than the ‘first type 
tesserae’ of psammosteids. Mark-Kurik (1999, p. 7) 
clearly says that “The detachment of the “tesserae” 

is the reason why a fragment of the dorsal plate of 
Psammosteus sp. (Figure 8a), … found from the Essi 
locality, is completely lacking ornamentation” and 
“Loose attachment characterizes the platelets (“tes-
serae”) and tubercles of the carapace plates, partic-
ularly the median plates of representatives of this 
genus [Psammosteus]”. She refers to a vertical thin 
section of a bony plate of Psammosteus megalopteryx 
figured by Gross (1933, fig. 4B) showing “that the 
fusion of the vascular canals in the upper part of the 
“spongiosa” enables the detachment of the “tesserae” 
from a median plate” (Mark-Kurik 1999, p. 7).

Glinskiy (2017, poster fig. 3F) also shows such 
“cavities between the tessera and the plate” of 
Psammosteus megalopteryx and P. asper Obruchev 
in Obruchev and Mark-Kurik, 1965. Tarlo (1964, fig. 
14A) also figured part of the superficial sculpture 
(‘ornamentation’) of a plate of Psammosteus meg-
alopteryx with “superficial polygonal cyclomorial 
tesserae showing cavity due to loss of tessera” (com-
pare with Tarlo 1964, pl. 1, figs 2, 5 where the ‘su-
perficial tesserae’ are in situ). Keating et al. (2015, 
p. 673 and fig. 10A: P. megalopteryx) say that “A 
discontinuity exists between these layers [that is, 
between their reticular Layer L1 and trabecular 
Layer L2 (the ‘spongiosa’ of Gross)], which is inter-
preted as a line of arrested growth demarking two 
distinct phases of mineralisation (Fig. 10A).” So, all 
the Psammosteus Agassiz, 1844 microremains de-
scribed by Mark-Kurik (1999) seem to correspond to 
detached elements from head plates of the carapace. 
They are either ‘single’ (one tubercle with a pulp 
cavity, thus corresponding to an odontode) or ‘com-
plex’ (with two or more tubercles). They most often 
lack a base (Mark-Kurik 1999, p. 10 and fig. 3a, b). 
Similar elements, that Blom et al. (2006, fig. 2A–D) 
have attributed to Psammosteus sp., have been de-
scribed from the late Frasnian of a locality on Ymer 
Ø in East Greenland. Other ‘complex elements’ with 
a “high cone-shaped central tubercle, surrounded 
by circles of smaller ones” and 3.1×2.2 mm in size, 
have been published by Glinskiy and Mark-Kurik 
(2016, fig. 7C, D) from the ventral side of a bran-
chial plate of Psammosteus livonicus Obruchev in 
Obruchev and Mark-Kurik, 1965 (Amata Stage, lower 
Frasnian, Latvia). These are interpreted as ‘cyclomo-
rial tesserae’ by Glinskiy and Mark-Kurik (2016). 
Glinskiy and Nilov (2017), while describing various 
Psammosteus species from the early Frasnian Amata 
Stage of eastern Latvia and NW Russia, defined sev-
eral types of what they call micromeric elements: (i) 
discrete, single elements (sensu Mark-Kurik 1999) 
with a crown, a neck and a cancellous aspidin layer 
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mosaica. The main difference between T. tessellata 
and T. mosaica is that the former has a carapace 
which is organised into longitudinal, differentiated 
bands of tesserae that are not seen on T. mosaica. The 
latter only shows three longitudinal rows of slightly 
thicker tesserae on the rear part of the dorsal surface 
of its carapace (Text-fig. 4A). The T. tessellata dorsal 
shield is wider (c. 83 mm) than the dorsal surface of 
the head carapace in T. mosaica (c. 50 mm) (com-
pare Text-figs 4A and 11). However, because of the 
very small number of specimens collected, we do not 
know what the variability of both species was, and 
this size difference may not be significant.

Wills (1935) described several thin sections of tes-
serae of T. tessellata which are 2–2.5 mm thick, with 
a clear superficial layer of dentine tubercles capped 
by enameloid (‘e’ on Wills 1935, pl. 5, fig. 2), a com-
pact reticulated Layer 1 (both being united into ‘el’ 
by Wills 1935, pl. 5, fig. 1), a middle cancellous Layer 
2 (‘ml’ of Wills 1935), and a basal strongly laminated 
Layer 3 (‘bl’ of Wills 1935, pl. 5, fig. 1). This corre-
sponds well to the histology of T. mosaica as figured 
here (Text-fig. 8). Tarlo (1964, fig. 19A, and pl. 8, figs 
3–7, pl. 9, figs 1, 3, 4) illustrated several thin sections 
through elements of T. tessellata, with the same ar-
rangement of mineralised tissues (but with different 
interpretations as to the origin of these tissues, par-
ticularly concerning the aspidin of Layer 2). There 

are some differences in the type of dentine in tuber-
cles of T. mosaica and T. tessellata. The dentine of the 
superficial layer (Sup. L) of tubercles of T. mosaica is 
more regularly organised into small, closely packed, 
parallel canaliculi, perpendicular to the outer edge 
of the tubercles (Text-figs 8, 9), forming a typical 
orthodentine. On T. tessellata, this superficial layer is 
made of packs of dentine canaliculi branching from 
the wider canals of Layer 1 (the ‘complex pulp cavity’ 
of Tarlo 1964, pl. 9). Sansom et al. (2005, fig. 1g, i) 
and Keating et al. (2015, fig. 3C) mostly brought new 
information on the ‘tubular’ or ‘fibrous’ structure of 
the enameloid capping of tubercles of T. tessellata, 
which is perforated by very thin branches generating 
from the dentine canaliculi of Layer 1.

The type-locality of T. tessellata is Earnstrey Hall 
Farm brook on the western slope of Brown Clee Hill 
in Shropshire, England (Wills 1935, pp. 427, 435), 
a.k.a. Earnstrey Brook (Leath 3) in the “Downton 
Series, Red Downton Formation, c. 70 ft. [c. 21 m] be-
low the “Psammosteus Limestone” (Ball and Dineley 
1961, locality 25; White 1961, p. 245). The associ-
ated vertebrate fauna includes ‘Traquairaspis’ sy-
mondsi Lankester, 1870 (Phialaspis symondsi sensu 
Tarrant 1991), Anglaspis macculloughi Woodward, 
1891, Corvaspis kingi Woodward, 1934, cf. Ctenaspis 
sp., Cephalaspis sp. and Onchus sp. (Wills 1935; 
Ball and Dineley 1961) as well as Turinia pagei 

Text-fig. 11. Reconstruction of Tesseraspis tessellata Wills, 1935. A – by Tarlo (1962, fig. 5), and B – by Tarlo (1964, fig. 4), with addition 
of a metric scale (deduced from Wills 1935, pl. 4, fig. 5, lectotype – see Tarlo 1965), and the longitudinal areas of tesserae as described by 
Wills (1935) and Tarlo (1965). Abbreviations: C, central area; B, intermediate area of very thick oblong tesserae; A, lateral areas; M, marginal 

tesserae
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(Turner et al. 2017, table 1). This is in the Zone of 
‘Traquairaspis’ symondsi sensu Ball and Dineley 
(1961, p. 201 and table 1), in the Upper Ledbury 
Formation, Upper Downton Group, and dated as 
lowermost Lochkovian (Blieck and Janvier 1989, 
fig. 11, ‘Traquairaspis’ Zone, and references therein; 
now within the Daugleddau Group, Milford Haven 
Subgroup, Moor Cliffs Formation [Raglan Mudstone 
Formation], where the ‘Psammosteus’ Limestone is 
renamed Chapel Point Limestone; see Barclay et al. 
2015, fig. 4; Turner et al. 2017, fig. 2). We must re-
call here that this uppermost part of the Moor Cliffs 
Formation, with its ‘Traquairaspis’ symondsi ver-
tebrate assemblage including Turinia pagei, is, by 
correlation based upon vertebrates and miospores, 
equivalent to the lowermost Lochkovian (Blieck and 
Janvier 1989), not to the upper Pridoli (as indicated 
in Barclay et al. 2015, table 4 and fig. 4; Turner et 
al. 2017, fig. 2; however, the latter authors indicate 
a Lochkovian age for the “Daugleddau Gp symondsi 
Zone”, in their appendix 1, p. 3). The Silurian–
Devonian (Pridoli–Lochkovian) boundary does not 
coincide with the Chapel Point Limestone (formerly 
‘Psammosteus’ Limestone, at the former Downton–
Ditton boundary), but lies lower in the succession, at 
least below the ‘Traquairaspis’ Zone. So, T. tessellata 
in its type-locality is lowermost Lochkovian in age.

Tarlo (1964, 1965) described and figured T. tes-
sellata specimens from the type-locality (Earnstrey 
Hall), some of which were already studied by Wills 
(1935; see Tarlo 1964, pl. 4, figs 1–4, pl. 7, figs 5, 6, 
pl. 8, figs 3–7, pl. 9, figs 1, 3, 4; and Tarlo 1965, fig. 1 
and pl. 1, figs 1–6). Tesseraspis tessellata was also re-
corded in two sites of the UK Geological Conservation 
Review programme by Dineley and Metcalf (1999):
 – Lydney, in Gloucestershire (locality 15, Dineley 

and Metcalf 1999, fig. 3.19, table 1.2 and p. 101) in 
the Fish Conglomerate of the Raglan Marl Group, 
in association with Anglaspis macculloughi, Cor-
vaspis kingi, Protopteraspis leathensis White, 
1935 [synonym of P. gosseleti (Leriche, 1906), see 
Blieck and Tarrant 2001], and Turinia pagei, thus 
equivalent to the Protopteraspis Zone sensu Blieck 
and Janvier (1989, fig. 11, lower Lochkovian; not 
Silurian as indicated by Dineley and Metcalf 1999);

 – Devil’s Hole, in Shropshire, NE of Brown Clee 
Hill (locality 18 of Dineley and Metcalf 1999, table 
1.2, fig. 4.8) in two lower fish horizons of a section 
along the Lye Brook (LB1 and LB3 of Dineley 
and Metcalf 1999; Lye Brook 1 and 3 of Ball and 
Dineley 1961, localities 55, 57, p. 229 and geo-
logical map; ‘Traquairaspis Band’ and ‘Arthrodire 
Band’ of Rowlands and Cleal 1985), in associa-

tion with ‘Traquairaspis’ symondsi, Turinia pagei, 
cephalaspid, arthrodire and acanthodian remains 
(Ball and Dineley 1961; Rowlands and Cleal 1985; 
Dineley and Metcalf 1999), thus equivalent to the 
‘Traquairaspis’ Zone sensu Blieck and Janvier 
(1989, fig. 11, lowermost Lochkovian).
Tesseraspis toombsi Tarlo, 1964. This species is 

based upon a single specimen, its holotype. It was not 
figured in the original publication (contrary to ICZN 
1999, Appendix B, General recommendation 3, p. 
125), but briefly described (Tarlo 1964, p. 110). This 
material was illustrated by Tarlo (1965). It does cor-
respond to “part of an articulated carapace which has 
been broken up into patches of associated tesserae” 
(Tarlo 1965, p. 6) and was poorly figured (Tarlo 1965, 
pl. 1, figs 7–10). It is distinguished from T. tessellata 
by the ‘sculpture’ of the (supposed) different parts 
of the carapace, with “Tesserae of median areas or-
namented by large flat tubercles, usually with larger 
elongated, oval tubercle ringed with smaller ones. 
Some tesserae ornamented by short dentine ridges 
or elongated tubercles, arranged on either side of a 
similar median one. Scales ornamented by short, lon-
gitudinally aligned ridges.” (Tarlo 1965, p. 6). So, 
this “Species [is] very close to Tesseraspis tessellata” 
although “the ornamentation of the different parts of 
the carapace [mostly of the trunk scales] … seems 
to be quite distinct from Tesseraspis tessellata” af-
ter Tarlo (1965, pp. 6, 7). Tesseraspis toombsi being 
based upon its ‘sculpture’ of tubercles on one side, 
and the variability of this sculpture on both T. tes-
sellata and T. mosaica being important on another 
side, T. toombsi does not seem to be clearly distin-
guished from either of the others, and may not be dif-
ferent from T. tessellata (Dineley and Loeffler 1976, 
p. 138). Tesseraspis toombsi comes from the “Lower 
Devonian (Gedinnian), Lower Dittonian; Mad Bay, 
Skokholm Island, Pembrokeshire, Wales” (Tarlo 
1964, p. 110), now “LORS/Devonian: Lochkovian 
Daugleddau Gp symondsi Zone” in Turner et al. 
(2017, appendix 1, p. 3), thus lower Lochkovian as are 
T. tessellata and T. mosaica.

Tesseraspis mutabilis (Brotzen, 1934) nov. comb. 
Tarlo, 1965. This species was created by Tarlo (1965, 
p. 7) for fragments of plates with superficial tuber-
cles, coming from the “Lower Devonian (Gedin nian), 
Beyrichienkalk, Traquairaspis zone; Rauhen Bergen, 
near Steglitz (Berlin), Germany” ( fide Tarlo 1965). 
These fragments were originally attributed to Lophaspis 
crenulata (as ‘Aspiphoridae’, i.e., Heterostraci) and to 
Lophosteus mutabilis (as Incertae sedis vertebrates) 
by Brotzen (1934, figs 2 and 5, 6 respectively), and 
considered as being of the same taxon by Gross (1947, 
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p. 111: “typische Heterostracenschilder”). These re-
mains are 1.2 to 3.1 mm long fragmentary plates with 
c. 0.7 to 1.0 mm long superficial tubercles. These tu-
bercles are typically oak-leaf-shaped (Brotzen 1934, 
fig. 2 right), or ‘fleur-de-lys’-like (Brotzen 1934, fig. 
5D), or oval with slightly crenulated edges (Brotzen 
1934, fig. 2 left). On the latter specimen, narrower 1 
mm long tubercles are intercalated between wider 1 
mm long ones, that resemble the superficial sculpture 
of several traquairaspidids described and illustrated 
by Dineley and Loeffler (1976, e.g., figs 4, 8), with no 
trace of superficial grooves between tesserae. Ørvig 
(1969) already recognised that “the ‘Lophosteus muta-
bilis’ Brotzen from this erratic rock, recently referred 
to Tesseraspis by Tarlo, has presumably to be clas-
sified as Traquairaspis sp. together with ‘Orthaspis 
plana’ Brotzen [1934, fig. 1] and ‘Lophaspis crenu-
lata’ Brotzen”, and if this appears to be a separate spe-
cies of Traquairaspis, “the name T. plana is of course 
available for it” (Ørvig 1969, p. 226; also Ørvig 1961, 
p. 523), ‘plana’ being the first of these three species 
names to appear in Brotzen’s (1934) paper. So, it seems 
probable that T. mutabilis is a traquairaspidid (Dineley 
and Loeffler 1976, p. 138). The few specimens pub-
lished by Brotzen (1934) have nothing in common with 
T. mosaica when considering their detailed superficial 
sculpture.

Tesseraspis oervigi Tarlo, 1964 emend. Dineley 
and Loeffler, 1976. Based on ICZN 1999, Article 27, 
the specific name introduced by Tarlo (1964, p.110) 
in honour of Dr. T. Ørvig, should be emended to 
Tesseraspis oervigi Tarlo, 1964, as written by Dineley 
and Loeffler (1976, p. 138, perhaps in error). This ‘spe-
cies’ was created for a single “fragment of exoskeletal 
plate” (Ørvig 1961, fig. 4: Drepanaspida gen. et sp. 
indet.), re-interpreted as a “fragment of tessera” by 
Tarlo (1964, p. 110; 1965, pp. 7, 8). This fragment is 
1.15 mm wide and 1.9 mm long, so much smaller than 
T. mosaica (Text-figs 4, 5) and T. tessellata (Text-fig. 
11) tesserae. It bears superficial tubercles with a nearly 
flat top and crenulated margins, and “situated close 
to each other” (Ørvig 1961, p. 523 and fig. 4). This 
‘sculpture’ is very similar to that of some psammoste-
ids illustrated by Bystrov (1955, fig. 26: Psammolepis 
paradoxa Agassiz, 1844, cf. Ørvig 1961, p. 523), Tarlo 
(1964, pl. 14, fig. 1, Guerichosteus kozlowskii Tarlo, 
1964), or Obruchev and Mark-Kurik (1965, pl. 7, fig. 
2, Schizosteus toriensis Mark-Kurik in Obruchev and 
Mark-Kurik, 1965; pl. 19, fig. 2, Schizosteus asat-
kini Obruchev, 1940). The tubercles on T. oervigi 
are 0.66×0.4 to 0.66×0.73 mm large vs. 1.5×1.12 to 
2.18×1.25 mm on P. paradoxa, c. 0.8×1.0 mm on G. 
kozlowskii, and c. 0.6×0.6 mm on S. toriensis, that is, 

in a similar size range as T. oervigi and S. toriensis. 
Additionally, the original figure of Ørvig (1961, fig. 
4) clearly shows that the unique specimen of T. oer-
vigi presents only the outer tuberculated and middle 
spongiose (L2) layers of bone, but that the basal lam-
inated layer (L3) is lacking. This is reminiscent of the 
psammosteid micro-elements figured by Glinskiy and 
Mark-Kurik (2016) and Glinskiy and Nilov (2017) (see 
section ‘Psammosteids’ above). So, as expressed by 
Ørvig himself, “the material on which this ‘species’ [T. 
oervigi] is based (Ørvig 1961, fig. 4) is appropriately 
classified as Psammosteida (= Drepanaspidida) gen. 
et sp. indet.” (Ørvig 1969, p. 225), an opinion retained 
by Dineley and Loeffler [1976, p. 138: “T. oervigi [sic] 
was a psammosteid (sensu stricto)”]. However, this 
is the opinion of neither Novitskaya (2004, p. 197) 
nor Voichyshyn (2011, p. 82) who both maintain T. 
oervigi within the Tesseraspidiformes. This ‘species’ 
was collected in the “Upper part of Czortków Group, 
Jagielnica Stara, Western Podolia” (Ørvig 1961), dated 
as “Lower Devonian (Gedinnian) … Traquairaspis 
zone” by Tarlo (1964, 1965), now “Jagilnytsia Stara, 
Lochkovian (Ivanie Stage of the Tyver formation) of 
Podolia (Ukraine)” (Voichyshyn 2011, p. 82). As stated 
by Ørvig (1961, p. 523), if it is confirmed that the frag-
mentary bony plate that he described is of a “psammo-
steid (sensu stricto)” (Dineley and Loeffler 1976, that 
is sensu Obruchev 1964, Obruchev and Mark-Kurik 
1965, or Novitskaya 2004), it is among the earliest 
psammosteids ever described.

Tesseraspis denisoni Tarlo, 1964. This ‘species’ 
was created by Tarlo (1964, p. 111) for three spec-
imens originally attributed to ‘Heterostraci indet., 
Type D’ by Denison (1963, figs 81D and 82C: spec-
imen considered as holotype of T. denisoni by Tarlo 
1964; plus two other unfigured specimens). The 
specimen figured by Denison (1963) is a 24×33 mm 
large fragment of bony plate, covered with “short, 
broad, ovoid [and denticulated] tubercles” grading 
into narrower tubercles “with very prominent side 
processes” toward one edge of the fragment. There 
are no intermediate fine ridges between these tuber-
cles, contrary to what Denison (1963, fig. 82A, B) 
described on other specimens from the same locality. 
No trace of superficial or deep grooves is seen be-
tween the tubercles of T. denisoni, so that no tessera 
or superficial ‘scale unit’ is visible. Its tuberculated 
‘ornamentation’ is compared by Denison (1963, p. 
138) to T. oervigi’s ‘ornamentation’ (Drepanaspida 
gen. et sp. indet. of Ørvig 1961, fig. 4) although tuber-
cles are not so closely situated on T. denisoni, where 
they are well separated (Tarlo 1964, p. 111; 1965, p. 
8). Denison (1963) also compared his ‘Heterostraci 
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a pulp chamber with fine tubules radiating from the 
pulp cavity identified as orthodentine (Denison 1967). 
Below that is a middle layer distinguished by its com-
plex meshwork of canals and a horizontally laminated 
basal layer (Denison 1967). The Harding Sandstone is 
middle Mohawkian, lower–middle Caradoc in British 
terms (Sansom et al. 1997), that is, late Sandbian 
in the new standard Ordovician stratigraphic scale 
(Cooper et al. 2012, fig. 20.9). Additional material 
of Astraspis desiderata has also been reported from 
the Gull River Formation in Québec (Darby 1982) 
which is dated to the middle and lower part of the 

Black River Stage, which is also Caradoc. As cur-
rently understood Astraspis desiderata is restricted to 
the Middle and Upper Ordovician of North America 
(Sansom et al. 1997).

Eriptychius. Eriptychius americanus Walcott, 
1892 consists of isolated plates and scales showing 
varied sculpture but distinctive histology (Walcott 
1892; Bryant 1936). The only associated material is 
the rostral portion of a headshield (Field Museum, PF 
179500), which is split through the middle and shows 
the presence of several large elements of globular cal-
cified cartilage that are evidently part of the internal 
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Text-fig. 12. Three phylogenetic hypotheses that include the genus Tesseraspis. A – after Tarlo (1962, fig. 15). Amph, Amphiaspidiformes; 
Astr, Astraspidiformes; Card, Cardipeltiformes; Cyath, Cyathaspidiformes; Eript, Eriptychiiformes; Psamm, Psammosteiformes; Pter, Ptera-
spidiformes; Traq, Traquairaspidiformes; Asp, Aspidosteidae; Cor, Corvaspididae; Drep, Drepanaspididae; Psl, Psammolepididae; Pst, Psam-
mosteidae; Pyc, Pycnosteidae; Tess, Tesseraspididae; We, Weigeltaspididae. B – after Halstead (1973, fig. 12). C – after Keating (2013, fig. 4). 
a), Tesseraspis; b), Lepidaspis; c), Psammolepis (erroneously attributed to Drepanaspis by Keating); d), Errivaspis; e), Rhinopteraspis; f), Dory-
aspis; g), Kureykaspis (erroneously attributed to Eglonaspis by Keating); h), Eglonaspis (erroneously attributed to Ctenaspis by Keating); 

i), Torpedaspis; j), Anglaspis (reconstructions are not to scale)




















