


256

klukovicensis and other species of Lioharpes are the
“distinctly ovoid glabella lacking carina.... concave
brim...pronounced radiating ridges at the genal
roll/brim boundary, flat brim and clearly wider
glabella at its posterior margin” (Vanék et al. 1992:
99). This diagnosis is consistent with figured
specimens of L. venulosus, with the exception of the
ovoid glabella that is absent in the specimen of L.
klukovicensis (Vanék et al. 1992, pl. 2, fig. 1). Prantl
and Pribyl (1954) resurrected L. ruderalis,
synonymized into L. venulosus by Hawle and Corda
(1847), citing a wider cephalon (tr.), cylindrical
glabella, fine perforations on brim and the position
of the eyes. However, a wider brim is common in
slightly deformed specimens, and finer perforations
are apparent in external moulds rather than internal
moulds. Lioharpes venulosus is perhaps the most
common harpetid in the Lochkov Limestones of
Bohemia, where most harpetids are found.
Morphological variations and deformations used to
diagnose L. ruderalis above are common in most
specimens of L. venulosus.

Lioharpes montagnei (Hawle and Corda, 1847)
Harpes montagnei Hawle and Corda, 1847: 165.
Harpes perneri Prantl and Pribyl, 1954: 149.

Discussion

Prantl and Pribyl (1954) believed Kielania
dorbignyana (Barrande, 1846) to most closely
resemble L. perneri, differing only by the smaller
eyes, a raised rim, wider alae (tr.) and finer
perforations on the cheek-roll and brim. Prantl and
Piibyl (1954: 150) suggested that Lioharpes perneri
closely resembles Kielania convexus (Hawle and
Corda, 1847) and K. novaki Prantl and Pfibyl (1954),
more so than any species of Lioharpes. The bulbous
anterior boss present on the genal roll, long brim
(sag.) and strongly tapering prolongations in L.
perneri, features absent in K. dorbignyana are,
however, all characteristic of L. montagnei. Harpes
pernei is herein considered to be a subjective junior
synonym of L. montagnei.

Species included

Harpes altaicus Weber, 1932; H. bischofi Roemer,
1852; H. crassimargo Novak, 1890; H. hastatus Liitke,
1965; H. montagnei Hawle and Corda, 1847; H.
sculptus Hawle and Corda, 1847; L vektori Doubrava,
1991; H. venetus Gortani, 1915; H. sp. (Ancygin
1977); H. sp. (Alberti 1981); H. sp. (Alberti 1969); L.
sp. (Rabano and Gutierrez-Marco 1993).

Cladistic analysis

QOutgroups
Hibbertia and Eoharpes are used as outgroups in
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the Lioharpes analysis. Eoharpes displays
plesiomorphic characters of Lioharpes, such as small
eyes and alae. Hibbertia shares the ornate brim and
palpebral lobes, wide brim, anterior boss, vaulted
glabella and large alae. Hibbertia, however, lacks the
shallow to sunken alae and inflated genal roll
common in most species of Lioharpes. The type
species, Hibbertia flanaganni and Eoharpes primus, are
selected as outgroups. Lioharpes altaicus, L. bischofi,
L. venetus and L. sp 14 are based on incomplete
fragmentary material and have been excluded from
the analysis to avoid unnecessary ambiguity.
Character states are listed in Table 6.

Characters

There are only three species (L. crassimargo, L.
hastatus, and L. venulosus) of the 13 known species
of Lioharpes that have fully preserved cephala.
Ornament, prolongation length, glabellar shape,
position of eyes, direction of eye ridges are similar
in these three species. The characters below are the
few which distinguish individual species of
Lioharpes.
0. Presence of sagittal ridge. A ridge is continuous
from the base of the glabella, opposite L1 to the
frontal lobe. Sagittal crest present in Hibbertia and
absent in Eoharpes.
0 absent; 1 present.

1. Presence of sunken alae. Sunken alae is defined as
being lower than the genal area, as deeply set as the
alar furrows. State 0 are either vaulted alae as in
Hibbertia or, flat alae that are distinguished by the
outline of the alar furrow as in Eoharpes.

0 absent; 1 present.

2. Presence of continuous alar furrow. Defined as an
alar furrow continuous with the posterior border
furrow. The alar furrow may join the posterior
border furrow immediately below the ala.

0 absent; 1 present.

Results and Discussion
Standard parsimony analysis yielded an
unresolved consensus of six trees (length=9, ci 100,

Table 6 Data matrix for Licharpes.

012
Eoharpes 000
Hibbertia 101
L. hastatus 001
L. montagnei 011
L. scupltus 100
L. vektori 011
L. venulosus 110
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Figure 11 Standard parsimony analysis of Lioharpes found six equally parsimonious trees (length = 9, ci 100, ri 100). A.

First tree; B. consensus.

ri 100) (Figure 11). Three-item analysis found one
minimal tree (length=9, ci 100, ri 100) (Figure 12) in
which the Middle Devonian L. hastatus from the
Harz region of Germany, nested with the
Lochkovian L. venulosus and the Silurian L. vektori
from Bohemia.

Eight taxa from three areas provide some
information on biogeography, namely, Middle
Devonian Germany is more closely related to
Lochkovian Bohemia than it is to Silurian Bohemia.

The small analysis is included to show the lack of
data prevalent in such well known groups as
Lioharpes. Despite the lack of morphological
charactistics, a cladistic analysis, no matter how
small, is still possible.

The standard parsimony analysis provides
evidence for a non-monophyletic Lioharpes as
Hibbertia is included in the ingroup in each analysis.
Lioharpes, however, remains monophyletic in the
three-item analysis. The conflict in the results of
both analyses is due to the implementation of the
methods and the small number of characters
(evidence) used. A future analysis run with a
greater number of characters and specimens 1is
needed before the paraphyly of Lioharpes can be
substantiated.

Genus Scotoharpes Lamont, 1948a
Figure 2G

Aristoharpes Whittington, 1950a: 11.

Selenoharpes Whittington, 1950a: 10.

Type species
Scotoharpes domina Lamont, 1948a; Llandovery
(Lower Silurian), Scotland.

Diagnosis

Cephalon suboval to subcircular; prolongations
almost straight or curving adaxially. Glabella longer
than wide, with strong preglabellar and axial
furrows. Anterior two pairs of glabellar furrows
short and very shallow; posterior pair relatively
deep. Preglabellar field short (sag.), flat. Eyes
opposite anterior of glabella. Alae low, semicircular.
Genal roll with low anterior boss. Brim gently
concave or flat; girder prominent, meeting lower
internal rim some distance in front of prolongation.
Genae and fringe with pits separated by branching
caeca. Single rows of larger pits developed against
girder and upper and lower rims. Hypostome
sagittally elongate. Thorax with at least 17
segments.

Remarks

The original diagnosis of Scotoharpes by Lamont
(1948a: 376-377), which was based on a poor
specimen from the Pentland Hills, Scotland, is
inadequate. The descriptions of Selenoharpes and
Aristoharpes that were later synonymized with
Scotoharpes (Norford 1973), serve as better
diagnoses for Scotoharpes-type specimens.
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Figure 12 Single minimal tree (length = 9, ci 100, ri 100)
yielded from a three-item analysis of
Lioharpes.

Species Included

Scotoharpes aduncus Fortey, 1980; Harpes cassinensis
Whitfield, 1897; H. consuetus Billings, 1863; H.
excavatus Linnarsson, 1875; S. filiarum Dean, 1979;
Eoharpes fragilis Raymond, 1925; Harpes granti
Billings, 1865; H. judex Marr and Nicholson, 1888;
H. latior Poulsen, 1934; S. laurei Jell and Stait, 1985;
H. tobulatus Chugaeva, 1975; S. loma Lane, 1972; S.
molongloensis Chatterton and Campbell, 1980; H.
pansa Maksimova, 1960; S. planilimbatus Lu, 1975; S.
raaschi Norford, 1973; Aristoharpes rotundus Bohlin,
1955; Hibbertia sanctacrucensis Kielan, 1960; Harpes
sinensis Grabau, 1925; Selenoharpes singularis
Whittington, 1965; Scotoharpes sombrero Owen, 1981;
H. spasskii Eichwald, 1840; Aristoharpes taimyricus
Balashova, 1959; Selenoharpes tatouyangensis Chang
and Fang, 1960; Harpes telleri Weller, 1907; H.
trinucleoides Etheridge and Mitchell, 1917;
Scotoharpes vetustus Zhou and Zhang, 1978;
Selenoharpes vitilis Whittington, 1963; Scotoharpes
volsellatus Howells, 1982; Aristoharpes willsi
Whittington, 1950a; Harpes (Eoharpes) youngi Reed,
1914; S. sp. (Norford 1973); A. (?) sp. (Whittington
1950a); S. (?) sp. (Bordet et al. 1960); H. (?) sp. (Dean
1970); H. (?) sp. (Bates 1968); H. (?) sp. (Kobayashi
and Hamada 1972); H. (?) sp. (Owen and Bruton
1980); H. (?) sp. (Thomas 1978); H. (?) sp. (Ingham
1970); H. (2) sp. (Ross 1972); H. (?) sp. (Lane 1979).

Cladisitic analysis

The cladistic analyses below are restricted to 21 of
the 43 known and described species. The majority
of species were based on fragmentary material,
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insufficient for use in a cladistic analysis. Character
states are tabulated in Table 7.

Outgroups

The type species Eoharpes primus and
Bohemoharpes naumanni were chosen as outgroups
for the Scotoharpes analysis. All genera share the
vaulted glabella, small alae, coarsely pitted rim and
prolongations. Scotoharpes consists of a varying
degree of morphology that can be attributed to
either Eoharpes or Bohemoharpes. The outgroups
represent two possible ancestors to Scotoharpes.
These characteristics will assist in assessing the
monophyly of Scotoharpes.

Characters

0. Cephalon shape. Cephalon shape varies
considerably in Scotoharpes. Three basic shapes can
be determined; squat, rectangular or anteriorly
expanded variants. Semicircular cephala do not
have strongly adaxially curved prolongations, and
ovate brims may have a rectangular shape. Eoharpes
and several Bohemoharpes species have a typically
semicircular shape. Ovate, circular cephala are
possibly derived from a semicircular shape.

0: Semicircular shaped; 1: ovate; 2: circular

1. Brim length. Measured as the length of the brim
anteriorly (sag.) against the length opposite eye
(lat.). Brim length is even in Eoharpes and varied in

Table 7 Data matrix for Scotoharpes. ‘?’ indicates
missing data.

012345678911111111112222222

01234567890123456
Eoharpes 010000010100000000012000100
Bohemoharpes 2000100770000??200000?20011720
S. cassinensis 101101112000000010001101100
S. consuetus 100001072000000120070721111
S. domina 000011122010011000112110110
S. excavatus ?7?221?221200000112220202?2?272??
S. filiarum 0?20007172012210121111000111
S. fragilis ?71000112720000?22272?22220?2727272
S. judex 1100?77702?20??2?2?2100111111120
S. latior ??71000021001110200000022?727?
S. laurei 210001002100000100001001111
S. loma 0107?21012000011010102100100
S. molongloensis 100110022000001010112100110
S. planilimbatus 2100022722?22?222222222200111
S. raaschi 0??1010720011000111121072127?
S. ¢f. raaschi 01110100200100101111210112?
S. singularis 1000100020000070?222?2221110
S. sombrero 100111122100010100111021170
S. telleri 100111072?2007?2710071172001110
S. trinucleoides 1000110220000?2200112111111
S. vitilis 1110011020100011?21100001110
S. willsi 100112?2220000070001121211727?
S. youngi 10011000200007002?2?2?21111720
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Figure 13 Standard parsimony analysis of Scotoharpes.
A strict consensus of 878 most parsimonious
trees (length = 120, ci 27, ri 56).

Bohemoharpes.
0: even; 1: uneven

2. Fringe concavity (sag.). See description in
Bohemoharpes character analysis above.
0: absent; 1: present

3. Brim slope. Measured sagittally in lateral view.
Species that show any sign of anterior slope code as
state 1. Brims with sagittal concavity may show
both posterior and anterior slope. Unless there is a
distinct anterior slope, concavity is not considered
to show presence of slope. Eoharpes has a flat brim
with no slope, whereas slope varies greatly in
Bohemoharpes.

0: no slope; 1: gentle slope

4. Presence of axial furrow extension. No known
species of Scotoharpes has an anterior boss.
However, several species show the anteriorly
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extended axial furrows onto the genal roll, a
possible plesiomorphic state of an anterior boss.
Eoharpes lacks axial extensions and/or boss, present
in both Bohemoharpes and Scotoharpes.

0: absent; 1: present

5. Presence of anterior glabellar depression. The
preglabellar furrow is continuous with an anterior
glabellar depression. The depression extends
sagittally along the genal roll and girder. The
depression can be distinguished from the
preglabellar field by the transverse preglabellar
field.

0: absent; 1: present.

6. Transverse preglabellar ridge. A difference in
depth/concavity of the preglabellar field and genal
depression leads to a ridge system that runs parallel
to the preglabellar furrow. The transverse
preglabellar ridge forms when the genal depression
is deeper and/or longer (sag.) than the preglabellar
furrow. This character is unique to several species
of Scotoharpes.

0: absent; 1: present

7. Course of inner margin or fringe (sag.). See
Character 3 in Bohemoharpes character analysis.
0: straight; 1: concave; “W"” shaped

8. Course of eye ridge. Unlike Bohemoharpes, eye
ridges are distinct in Scotoharpes and occur as three
variants. Adaxial ridges only occur between the
axial furrow and eye; adaxial ridges either efface
along the palpebral margin, or are continuous with
the inner margin. Echarpes and most Bohemoharpes
species have an adaxial eye ridge.

0: adaxial; 1: effacing abaxially; 2: continuous with
Inner margin

9. Glabellar shape. The majority of glabellae in
Scotoharpes are bullet-shaped with a variety of sizes,
ranging from squat, vaulted to elongate and
narrow. Herein angular, strongly tapering glabella
are coded as [9: 1}.

0: bullet shaped; 1: triangular

10. Sagittal crest. This is a distinct ridge that runs
along the glabella, that in rare cases may extend on
to the genal roll. Extension of the crest may
eliminate the possibility of a preglabellar furrow or
genal depression. Sagittal crests occur only on
elongate, bullet shaped glabella and may act as a
strengthening structure. Both outgroups lack a
sagittal crest.

0: absent; 1: present

11. Condition of S3. S3 and S2 occur in at three
separate levels of development. An undeveloped or
absent furrow is common in Scotoharpes and both
outgroups; adaxially effacing furrows become
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shallower adaxially; medially extended furrows
have a constant depth and in the case of S3 are
continuous, with S2 abaxially and anterolaterally
directed.

0: not developed/absent; 1: effacing adaxially; 2:
effacing medially

12. Condition of S2. S2 is laterally directed in state 2.
0: not developed/absent; 1: effacing adaxially; 2:
effacing medially

13. Shape of S1. See Character 6 in Bohemoharpes
analysis. The posterolaterally directed S1 may have
two shapes: that of a straight line and a curve in the
shape of a ‘J’0: straight; 1: /]~ shaped

14. SO depth (sag.). SO depth sagittally or no
continuity in SO depth, occurs with the increase in
LO development. Anteriorly or posteriorly directed
LO may change in length (sag.) or become vaulted.
This condition is similar to the extension of the
glabellar crest and the decrease in depth of the
preglabellar furrow in Kielania neogracilis (Richter
and Richter 1924). LO development in Eoharpes and
Bohemoharpes is minimal and SO depth generally
continuous.

0: shallow sagittally; 1: even depth

15. Condition of L0 (sag.). Sagittally, LO can be either
anteriorly or posteriorly directed. Direction is
measured as the direction of the most convex
sagittal margin of LO. Convexity of L0 is minimal in
both outgroups.

0: posteriorly directed; 1: anteriorly directed

16. Alar depression. Alar depressions are formed by
the anterior widening (tr.) of the alar furrow
opposite the axial furrow. The alar depression is
usually longer (exsag.) than it is wide (tr.) and does
not exceed the depth of the alar furrow. Species
without alar depressions have furrows with
continuous length. Alar depressions are common in
Scotoharpes, but do not occur in genera with smaller
unpronounced alae. Alar depressions are absent in
both outgroups.

0: absent; 1: present

17. Posterior alar depression. The posterolateral
lengthening (exsag.) of the alar furrow is known as
the posterior alar depression. The posterior alar
depression is not as common as the alar depression
in Character 16 and may be confused with an alar
furrow continuous with the posterior border furrow
at its most posterior point (exsag.). The posterior
alar depression forms laterally to the ala and
extends posterolaterally into the posterior border
furrow. The area is usually large, equal in depth to
the alar furrow and free of any ornament. Posterior
alar depressions are absent in both outgroups.

0: absent; 1: present
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18. Alar inflation. Alar inflation refers to any relief of
the alae. Alae may remain flat, equal in relief to the
furrow, either appearing as a faint outline in a large
depression or flat surface lateral to the L1. Alar
inflation should not be confined to a vaulted ala
rising steeply toward L1.

0: absent; 1: present

19. Alar direction. Measured as the direction of the
posterior alar furrow versus the lateral axis
perpendicular to the sagittal. Alae are either parallel
or are anterolaterally directed at different angles
below 45 degrees. Most alae are asymmetrical and
direction is clearly noticeable, however with
symmetrical alae, direction is measured as the
bilateral axis. Most symmetrical alae are laterally
directed.

0: laterally directed; 1: anterolaterally directed

20. Alar size. Alar size is measured in relation to L1,
not cranidium size. Hence species with [20: 2] may
not actually possess large alae in comparison with
other larger species. Measuring ala versus L1 size is
justified as both characters are independent,
although both are treated as dependent for the
purposes of coding.

0: small; 1: equal; 2: large

21. Length of posterior border (exsag.). Measured
posteriorly to alae (exsag.) and in relation to SO. For
the purpose of coding in cases where SO is not
preserved, a long posterior border is not usually
associated with long (exsag.) posterior border furrows.
0: narrow; 1: long

22. Prolongation length (exsag.) versus cephalic length
(sag.). Prolongation length is measured sagittally as
the distance from L0 to the level of the prolongation
spine/tip, against the anterior border (sag.) to LO
(sag.).

0: less; 1: equal, 2: more

23. Internal rim concavity of prolongation. Measured
as the concavity of the internal rim of the
prolongation excluding the tip/spine.

0: straight; 1: convex

24. External rim convexity of prolongation. Measured
as the convexity of the external rim of the
prolongation, excluding the tip/spine.

0: straight, 1: convex.

25. External rim length on prolongation. A thick rim
lacks a wide rim furrow and is usually thicker than
it is high. Narrow rims usually have a wide concave
border. Prolongations possessing spines either have
both a thick internal and/or external rim.

0: narrow; 1: wide

26. Presence of prolongation spines. Measured as the
posterior extent of the external and/or internal rim.
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Figure 14 Characters mapped onto first tree of the Scotoharpes standard parsimony analysis (length = 120, ci 27, ri 56).

The presence or at least one thickened rim margin is
necessary for spine formation. Both outgroup taxa
lack spines.

0: absent; 1: present

Results and Discussion

Standard parsimony yielded a consensus of 878
most parsimonious trees {(length = 120, ci 27, ri 56)
consisting of four resolved nodes (Figure 13).
Characters are mapped on to the first tree in Figure
14. Three-item analysis yielded a minimal
cladogram (length = 7995, ci 67, ri 52) (Figure 15).

The minimal tree consists of a predominantly
Silurian clade containing nine species, of which
two are biogeographically and stratigraphically
ambiguous, as S. molongloensis is found in the

Middle Silurian of Australia and S. cassinensis in
the Lower Ordovician of Vermont, USA. The
remaining seven species span from the Ordovician
of the United Kingdom to the Silurian of Alaska.
This clade is basal to the Sino-Australian-
Laurentian clade that includes the type species 5.
domina.

Standard parsimony consensus places
Bohemoharpes in the ingroup, whereas the three-item
analysis keeps a monophyletic ingroup. These
differing results are due to the differences in
implementation. Scotoharpes may very well be non-
monophyletic and consist of several monophyletic
groups. Scotoharpes, like Harpes, has also been used
as a taxonomic dumping ground for taxa or
partially preserved taxa. The characteristics
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Figure 15 Three-item analysis of Scotoharpes yielded a
minimal tree of 216 most parsimonious trees
(length = 7995, ci 67, ri 52).

attributed to Scofoharpes are so variable that there
are no unique Scotoharpes characteristics. This is
seen in the similarities that some taxa share with
Bohemoharpes and others with Eoharpes. A new
cladistic analysis of Scotoharpes is needed. The new
analysis should include a larger number of new
specimens that are better preserved. Until such an
analysis is attempted there can be no certainty over
the monophyly of Scotoharpes.

Ordovician species are found both at basal and
topographically higher nodes. A stratigraphically
mixed clade should not be void if it does not
conform to our knowledge of the stratigraphic
record. By using stratigraphy to confine our taxa we
bias our result. The presence of deeply nested
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Ordovician sister taxa in a Silurian clade, or sister
taxa of varying ages only highlights the amount of
missing data.

NOMEN DUBIA

Arraphus corniculatus Angelin, 1854; Australoharpes
precordilleranus Baldis and Gonzalez, 1986; Harpes
antiquatus Billings, 1859; Harpes bucco Bather, 1910;
Harpes concavus Thorslund, 1940; Harpes costatus
var. actua Weber, 1948; Harpes gotlandium Kegel,
1927; Harpes kylindrorhachis Kobayashi and
Hamada, 1972; Harpes minnestoensis Clarke, 1897;
Harpes pamiricus Balashova, 1966; Harpes pygmaeus
Liitke, 1965; Harpes scanicus Angelin, 1854; Harpes
specious Miinster, 1840; Trinucleus ellipticus Miinster,
1840; Trinucleus issedon Eichwald, 1857; Trinucleus
laevis Miunster, 1840; Harpes pruniformis Alberti,
1969.

NOMINA NUDUM
Harpes latilimabtus coll. Krause (1885).
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