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Family Monograptidae 1

rian to early Devonian graptoloids. Lapworth 
(1873) separated the genus Rastr i te s 
Barrande, 1850, based on its isolated thecae, 
and the genus Cyrtograptus Carruthers, 
in Murchison, 1867 with its compound 
tubarium. Numerous monograptid species 
have been included in Monograptus over 
the years due to a lack of understanding of 
their constructional details and evolutionary 
relationships. Even though more than 100 
genera are now described to subdivide the 
original genus Monograptus, many species are 
still included in the form genus Monograptus 
sensu lato or ‘Monograptus’ (e.g., Bulman, 
1970; Koren’, 1983; Štorch & others, 
2018) as their differentiation is uncertain. 
Lenz (2013, p. 1101) still employed the 
genus Monograptus as a “form genus for 
those whose thecae are not fully understood” 
and included within it a number of early 
Devonian taxa. Thus, numerous not neces-
sarily closely related monograptid species 
have been and continue to be included 
under this umbrella name. These taxa are 
not included in the overview or classifica-
tion herein. 

Family MONOGRAPTIDAE  
Lapworth, 1873

[Monograptidae Lapworth, 1873, table 1, facing p. 555]
[=Pristiograptidae Gürich, 1908, p. 32; =Rastritidae Gürich, 
1908, p. 35; =Cyrtograptidae Averianow, 1929, p. 103; 
=Demirastritidae Hundt, 1943, p. 263; =Diversograptidae 
Hundt, 1943, p. 263; =Dibranchiograptidae Hundt, 1949a, 
p. 20; =Gangliograptidae Hundt, 1949a, p. 21; =Linograptidae 
Obut, 1957, p. 18; =Wolynograptidae Tsegelnjuk, 1976, p. 

110; =Tirassograptidae Tsegelnjuk, 1976, p. 118]
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TERMINOLOGY AND 
TAXONOMIC NOTE

Mitchell and others (2013) suggested use 
of the term tubarium (Lankester, 1884), 
initially used exclusively for extant Ptero-
branchia, for the housing construction 
of all Pterobranchia including fossil and 
extant taxa and suggested replacing the 
term rhabdosome previously used for the 
graptolites. Not all researchers have accepted 
this replacement and several (e.g. Štorch, 
Roqué Bernal, & Gutiérrez-Marco, 
2019; Loydell, 2020), including one of the 
authors of this chapter, much prefer to use 
the term rhabdosome. The term tubarium 
is used herein for consistency with other 
chapters in the Treatise.

One remaining problem for the taxonomy 
and understanding of the Monograptidae is 
the old and much used genus Monograptus 
sensu lato. Geinitz (1852) used the genus 
Monograptus to include all single-stiped Silu-
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Uniserial Neograptina with and without 
cladia; the main or primary stipe grows 
along the sicula in the opposite direction 
to the sicular aperture. Silurian, Llandovery 
(Rhuddanian, Akidograptus ascensus/Paraki-
dograptus acuminatus Biozone)–Lower Devo-
nian (Emsian, Uncinatograptus yukonensis 
Biozone): worldwide.

Monograptidae is regarded as a mono-
phyletic clade (Melchin & others, 2011), 
forming the Monograptoidea with the para-
phyletic stem group, the Dimorphograp-
tidae. Melchin and others (2011) indicated 
that the loss of the dicalycal theca and the 
loss of any downward growth of the first 
theca are the defining synapomorphies of 
the clade. However, they indicated that 
a number of biserial Neograptina lack a 
dicalycal theca; thus, this character may be 
a plesiomorphic character or was derived 
independently more than once. 

Přibyl (1946) introduced a number of 
subfamilies, most of them including a single 
genus, but this was before many monograptid 
genera were established. Urbanek (1958, p. 
6) discussed Přibyl’s (1946) approach as a 
“purely pragmatic rather than a theoreti-
cally evidenced taxonomy” and regarded it 
as a starting point for further discussion. A 
number of additional family and subfamily 
groups were introduced subsequently to the 
monograptid classification and are discussed 
herein as appropriate in the text. Some of 
these taxonomic units are used herein as 
a guide to differentiate particular groups 
within the Monograptidae. These may or 
may not represent monophyletic taxa and 
details are provided where available. Bulman 
(1955, 1970) did not acknowledge these 
suprageneric taxa in the previous versions 
of the Treatise and ignored any subdivisions 
of the Monograptidae, except for the accep-
tance of the Cyrtograptidae for taxa with 
cladial branching. Bulman and Rickards 
(1970), in an addendum to Bulman (1970), 
discussed some of the available monograptid 
genera but regarded most of them to be of 
dubious value. They did not mention or 
discuss any of the previously introduced 

subfamilies and families. Rickards, Hutt, 
and Berry (1977) took the same approach 
and again none of the monograptid subfami-
lies was mentioned in their discussions.

There is no cladistic analysis available to 
differentiate phylogenetically meaningful 
units within the Monograptidae. However, 
in the light of the high number of genus- 
level taxa (more than 100 described genera), 
it seems reasonable to use previously estab-
lished taxonomic units or clades herein. 
These names were introduced to separate 
morphologically distinctive groups based on 
characters considered to be phylogenetically 
meaningful by the original authors.

A differentiation into cladia-bearing and 
non cladia-bearing taxa was introduced by 
Yin (1937) and Mu (1950), who referred 
all cladia-bearing monograptids to the 
Cyrtograptinae and all other monograptids 
to the Monograptinae. This division has 
been maintained in the last two editions 
of the Graptolite Treatise (Bulman, 1955, 
1970) and is included in most classification 
systems (see overview in Rigby, 1986). The 
few attempts at a cladistic interpretation of 
monograptids (Muir, 1999; Melchin & 
Koren’, 2001; Lenz & Melchin, 2008) 
cover only a very limited number of taxa. 
Muir (1999, abstract) stated that “at present, 
many genera are polyphyletic,” a statement 
that still may be true and indicates the need 
for a thorough investigation of monograptid 
phylogeny.

MORPHOLOGY 
SICULAR DEVELOPMENT 

All Monograptidae initially grew a single 
stipe from a sicula of variable (conical) shape 
and dimensions, and the definition of the 
family Monograptidae is essentially that of 
Lapworth (1873). Little is known about the 
development of a conus and cauda in the 
prosicula, even though numerous chemically 
isolated monograptids have been described. 
Kraft (1926) discussed the nema prosiculae 
(cauda) in a species of Monograptus (Fig. 
1.1) and described the spiral line and the 
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longitudinal rods of the conus (prosicula 
proper). A cauda has not been mentioned 
in later descriptions of chemically isolated 
monograptids. The shape of the sicula 
ranges from very slender and long (e.g., in 
Coronograptus), short and straight (e.g., in 
Streptograptus), or variably curved (e.g., in 
Spirograptus). Siculae with a broad triangular 
outline and a considerably widened aperture 
appear in several groups independently 
(Fig. 1.5–1.7). These features were initially 
described from the Wenlock species Colo-
nograptus deubeli (Jaeger, 1959) but appear 
independently in the early Wenlock species 
Monograptus riccartonensis  Lapworth , 
1876b (see Loydell & Large, 2019); in the 
Ludlow species Saetograptus leintwardinensis 
(Lapworth, 1880) (see Maletz, 1997; 
Štorch, Manda, & Loydell, 2014); and 
in the Devonian Uncinatograptus hercynicus 
(Perner, 1899) and may be present in other 
genera as well.

Longitudinal ridges (see Kraft, 1926) 
are present on the prosicula of many grap-
toloids, but their origin and further evolu-
tion has not been investigated. It is unclear 
whether these ridges are formed in constant 

numbers in the graptoloids or are formed 
randomly. They first appeared as paired 
ridges in Floian taxa (Williams & Clarke, 
1999) and are present in latest Silurian 
monograptids (Fig. 1.8-1.9). Koren’, Kim, 
and Walliser (2007) described longitudinal 
rods in the early Devonian Uncinatograptus 
falcarius (Koren’, 1969). 

Sicular annuli occur in many monograp-
tids (Fig. 1.2–1.6, 1.8–1.10). The origin 
and constructional purpose of the sicular 
annuli are unknown. Sectioned material 
clearly shows the secretion of the annuli to 
be cortical additions on the inside of the 
sicula (Walker, 1953; Urbanek, 1958) 
(Fig. 1.2–1.3). They are typically present 
in many Homerian (late Wenlock, Silu-
rian) and younger monograptids (Lenz & 
Kozłowska-Dawidziuk, 1998). Very little 
is known about sicular annuli in older taxa 
because these have rarely been investigated in 
detail. Sicular annuli appear to have formed 
in fixed positions in most monograptids 
(Urbanek, 1997a). Maletz (1997) recog-
nized a variable number of sicular annuli in 
Saetograptus leintwardinensis (Fig. 1.5–1.7), 
ranging from two to six, with most speci-

Fig. 1. The sicular development of the uniserial Axonophora (Monograptidae). 1, monograptid prosicula, schematic 
(Kraft, 1926, fig. 2); 2–3, cross section of sicula (3) and enlargement of sicular annulus (2) (Urbanek, 1958, fig. 
5A, 6C); 4, Pristiograptus frequens (Jaekel, 1889)?, sicular development (Kraft, 1926, fig. 3); 5–7, Saetograptus 
leintwardinensis (Lapworth, 1880), showing sicular shape and annuli (Maletz, 1997, fig. 1); 8–9, Skalograptus 
ultimus (Perner, 1899), siculae with longitudinal rods, showing origin of virgella at first metasicular annulus (Kříž 
& others, 1986, fig. 35); 10, Pristiograptus frequens ?, showing sicular annuli (Kraft, 1926, fig. 4). Scale bars, 0.01 

mm in 2, all others, 1 mm.
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mens possessing four to six annuli. The first 
of the sicular annuli appears at the boundary 
between the prosicula and metasicula. The 
later ones are more indistinct and indi-
cate their successive construction as the 
metasicula grew (Maletz, 1997). Porębska 
(1984) recognized sicular annuli in many 
latest Silurian to early Devonian monograp-
tids but was unable to confirm their presence 
in all specimens of the taxa because she had 
only shale material at hand.

The development of the foramen for 
the origin of th1 changes considerably 
throughout the evolution of the Monograp-
tidae (Maletz & others, 2019). Initially, a 
resorption foramen (Fig. 2.1) was present, 
in species of the genera Atavograptus, Coro-
nograptus, Lagarograptus, Pernerograptus, and 
probably in early Monoclimacis (Lukasik & 
Melchin, 1994, 1997; Melchin & Koren’, 
2001). Most details are unknown for the 
contemporary Pribylograptus because very 
few siculae have been attributed to this 
genus, and they are not known in enough 
detail (see Koren’ & Bjerreskov, 1997, 
fig. 22L regarding ?Pribylograptus sp.; and 
Russel-Houston, 2001, pl. 5e regarding 
Pribylograptus leptotheca Lapworth, 1876b). 
Melchin and Koren’ (2001) discussed a 
modified resorption foramen in specimens of 
Monoclimacis (Fig. 2.2), in which the fuselli 

involved in the formation of the foramen 
are slightly deflected with the sicula bulging 
outward at this point. A lenticular porus 
(Fig. 2.3) is present as a third type in early 
monograptids (Dawson & Melchin, 2007). 
In this type, a number of pre-porus fuselli 
are deflected proximally and a few truncated 
fuselli can be seen. The post-porus fuselli are 
deflected in the opposite direction, forming 
the lenticular porus in Paramonoclimacis 
and Streptograptus. Derived monograptids 
may have a primary porus formed through 
the typical sinus and lacuna stage of devel-
opment described by Eisenack (1942) for 
Pristiograptus frequens. This porus type was 
considered to be typical of all monograptids 
(e.g., Bulman, 1970). Dawson and Melchin 
(2007) illustrated this primary porus for 
Monograptus priodon from the mid-Shein-
woodian, representing the stratigraphically 
earliest known record of this character.

TUBARIUM SHAPE 

The tubarium shape is highly variable in 
monograptids and/or ranges from straight 
to dorsally and ventrally curved uniserial 
stipes to multiramous taxa with numerous 
cladial branches. The shape appears to be 
characteristic for certain groups and also for 
certain stratigraphical intervals, but partic-
ular shapes appear to also have evolved inde-

Fig. 2. The porus type in the Monograptidae. 1, Coronograptus gregarius (Lapworth, 1876a), resorption foramen 
in metasicula, GSC 116236; 2, Monoclimacis? galeritus Melchin & Koren’, 2001, modified resorption foramen, 
GSC 118589; 3, Monograptus cf. Monograptus arciformis Chen & Lin, 1978, lenticular porus, GSC 130563; 4, 
Monograptus priodon (Bronn, 1835), primary porus with sinus and lacuna stages, GSC 130558. Scale bars, 0.1 

mm (Maletz & others, 2019, fig. 5).
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pendently in separate groups. Spirally coiled 
tubaria are common in a number of taxa and 
may be planispiral or trochospiral. However, 
in many taxa, the precise mode of coiling 
is difficult to recognize. Large specimens 
of Oktavites spiralis (Geinitz, 1842) may 
appear to be planispiral (Fig. 3.5), but the 
astogeny derived from early growth stages 
indicates a trochospiral development when 
seen in lateral preservation (Schauer, 1971). 
High trochospiral development is typical 
of Spirograptus turriculatus (Barrande, 
1850) (Fig. 3.7), a species usually preserved 
in lateral view. Also, many specimens of 
Cyrtograptus (Fig. 3.2) are coiled in a trocho-
spiral fashion, even though larger specimens 

appear to have a planispiral shape when 
preserved on shale surfaces (Bouček, 1933; 
Lenz & others, 2012). The shape of colonies 
of Cyrtograptus has been modeled as a loga-
rithmic spiral forming planispiral colonies 
and this has been suggested as a character 
useful for the discrimination of taxa (e.g., 
Huo, Fu, & Shu, 1986; Deng, 1986).

It is important to differentiate dorsally 
(Fig. 3.1–3.3) and ventrally (Fig. 3.4) curved 
taxa. Dorsally coiled tubaria were particu-
larly common during the Telychian Age 
(e.g., Pernerograptinae, Monograptinae), 
whereas ventrally curved taxa proliferated 
during Gorstian and early Ludfordian times 
(e.g., Linograptinae), but details need to be 

Fig. 3. The tubarium shape. 1, Lituigraptus convolutus (Hisinger, 1837), dorsally coiled tubarium, NIGP 168325, 
Yangtze platform, China (Maletz, Wang, & Wang, 2021, fig. 11E); 2, Cyrtograptus sp. cf. C. laqueus Jackson & 
Etherington, 1969, dorsally curved proximal end lacking the sicula, Cape Phillips Formation, Arctic Canada 
(Lenz & Melchin, 1989, fig. 3c); 3, Pernerograptus variabilis (Ni, 1978), dorsally curved proximal end, NIGP 
168346, Yangtze Platform, China (Maletz, Wang, & Wang, 2021, fig. 17A); 4, Cochlograptus veles (Richter, 
1871), GSC 34909, Devon Island, Arctic Canada (Lenz & Melchin, 2008, fig. 1D); 5, Oktavites spiralis (Gein-
itz, 1842), seemingly planispiral colony, dorsally coiled, SMF XXIV 188, Johannesberg, Thuringia, collected by  
Hemmann, 1942 (new); 6, Pseudostreptograptus williamsi Loydell, 1991, ventrally curved fish-hook-shape, NMW 
UCWG935B, Osmundsberget, Dalarna, Sweden (Loydell & Maletz, 2004, fig. 23); 7, Spirograptus turriculatus 
(Barrande, 1850), high spiral, dorsally coiled, BAF 111/H/4135, Hohenleuben, Thuringia (Hundt, 1949b, fig. 
on p. 330); 8, Monograptus priodon (Bronn, 1835), nearly straight tubarium, SMF 75780, glacial boulder (new). 

Scale bars, 1 mm unless stated otherwise. 
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investigated. A high degree of variation of 
dorsally, dorso-ventrally, and ventrally curved 
tubaria occur especially in streptograptines, 
in which both types appear. Many of the 
slender taxa are quite variable in shape, but 
a distinct dorsal curvature may be present 
along the first few thecae in Streptograptus. 
Distally, the curvature changes to ventral 
or the stipe is straight (as is shown in an 
overview of the biostratigraphical ranges of 
streptograptine genera by Maletz & others, 
2019, fig. 4). This is also seen in the straight 
to slightly dorsally curved proximal end and 
strong ventral curvature of the distal part in 
Pseudostreptograptus (Fig. 3.6) and the Strep-
tograptus exiguus group, with their fish-hook-
shaped tubaria (Loydell & Maletz, 2004).

CLADIA

Cladia are a way of secondary branching 
(Maletz, Lenz, & Bates, 2016), first devel-
oped by the Dichograptina (e.g., Pterograptus, 
see Skwarko, 1974) and the Diplograptina 
(e.g., Nemagraptus, see Finney, 1985) during 
the Ordovician. For a number of monograptid 
taxa, cladial branching was used as an option 
to form multiramous colonies. Cladia were 
the only way in which monograptids added 
new stipes to their tubaria. In this way, they 
differed from the earlier Dichograptina, in 
which dichotomous branching was the main 
mode of producing additional stipes (see 
Maletz, Lenz, & Bates, 2016). The cladia 
in monograptids invariably included the 
formation of a secondary nema along which 
the cladial stipe grew (Thorsteinsson, 
1955). Urbanek (1963) differentiated the 
procladium (the main stipe) and the meta-
cladia (sicular and thecal cladia) and recog-
nized that cladia of several orders may be 
developed in some taxa. The term procla-
dium for the main stipe should not be used 
as it might be misleading (see Maletz & 
others, 2014). An analysis of the appear-
ance of cladial branching has never been 
attempted, but it appears certain that cladia 
originated independently in several clades of 
monograptids. Thus, the family Cyrtograp-
tidae of earlier workers, represents a highly 
polyphyletic taxonomic unit and should not 

be used. The genus Cyrtograptus is the most 
prominent taxon in which cladial branching 
has been investigated from chemically 
isolated material (Thorsteinsson, 1955; 
Teller, 1976), but cladial development has 
also been described in great detail for the 
linograptines (Urbanek, 1963, 1997b).

Early taxa with cladial branching appeared 
during the upper Aeronian and lower Tely-
chian with the genera Paradiversograptus and 
Sinodiversograptus (Manck, 1923; Loydell, 
1990a). Little is known about the develop-
ment of the cladia in these taxa because chem-
ically isolated material does not exist. The 
genus Sinodiversograptus from the Spirograptus 
guerichi Biozone (Loydell, 1990a) is the 
stratigraphically earliest record of regular 
and frequent thecal cladial branching in a 
Silurian monograptid. The process began 
with the formation of a strongly curved 
bipolar tubarium. It appears that thecal cladia 
were produced from each theca on the main 
stipe, but it is uncertain at what stage in the 
astogeny of the colony the cladial growth was 
initiated.

An independent origin of cladial branching 
occurred in Linograptinae. Urbanek (1963) 
discussed in great detail the development of 
cladial branching in this clade, indicating 
that the stratigraphically early taxon Neodi-
versograptus showed a bipolar tubarium 
with a single cladium originating from the 
sicular aperture. The derived taxa Linograptus 
and Abiesgraptus produced numerous cladia, 
either from the sicula (Linograptus) or paired 
cladia from the sicula and from later thecae 
(Abiesgraptus) (Urbanek, 1997b). In Abies-
graptus, a single sicular cladium initially 
formed a bipolar tubarium from which addi-
tional paired thecal cladia were formed at 
certain distances, producing a multiramous 
tubarium.

Subfamily PERNEROGRAPTINAE 
Hundt, 1943 

[Pernerograptinae Hundt, 1943, p. 263, ex Pernerograptidae 
Hundt, 1943, p. 263; Přibyl, 1946, p. 277]

Uniserial Neograptina without cladia; 
single stipe straight to strongly dorsally 
curved, commonly variable; resorption 
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foramen for emergence of th1 or a derived 
pattern, but development unknown in most 
species; sicula may be elongated; thecal style 
highly variable with or without geniculum; 
various apertural modifications may be 
present, mainly based on apertural hood 
or hook. Silurian, Llandovery (Rhuddanian, 
Akidograptus ascensus /Parakidograptus 
acuminatus Biozone)–Wenlock (Homerian, 
Cyrtograptus lundgreni Biozone): worldwide. 

Přibyl (1946) discussed the Pernero-
graptinae as a subfamily, but it was initially 
listed by Hundt (1943) as a family. However, 
this taxonomic unit has not been discussed 
in detail subsequently and needs consider-
able attention. Přibyl (1946) differentiated 
the subfamily from the Monograptinae due 
to the biform nature of the thecal develop-
ment in Pernerograptus. A differentiation 
into taxa with short and with long siculae 
may be useful and has been made herein. 
Further investigation is necessary to under-
stand the evolutionary relationships of early 
monograptids. All taxa show a slightly to 
considerably dorsally curved tubarium, at 
least proximally. The sicular length is quite 
variable. The thecae are slender with low 
overlap or lacking overlap proximally, but 
overlap may increase considerably distally. 
A geniculum is often present and the thecal 
apertures are simple, hooded, or provided 
with lateral lobes. According to Melchin 
and others (2011, fig. 7), Atavograptus and 
the derived monograptids originated in the 
early Rhuddanian Akidograptus ascensus/
Parakidograptus acuminatus Biozone as a 
sister group to the genus Dimorphograptus.

The proximal end and thecal style of early 
monograptids appear to be quite variable 
but can be reduced to a few fundamental 
features. Melchin and others (2011) consid-
ered the species Atavograptus ceryx (Rick-
ards & Hutt, 1970) from the Akidograptus 
ascensus/Parakidograptus acuminatus Biozone 
to be the earliest monograptid. The sicula is 
about 1.5–1.8 mm long, slowly widening 
toward the aperture (Fig. 4.1). The origin 
of th1 is in the lower third of the meta-
sicula. The thecae widen from the origin, 
forming a rounded geniculum, after which 

they are parallel-sided, nearly parallel to the 
dorsal line of the stipe. They have low thecal 
overlap and apparently no or only a slight 
increase of this feature distally. Atavograptus 
ceryx has considerable dorsal curvature 
(Fig. 4.2), reminiscent of the tubarium 
shape in the genus Coronograptus. An early 
thecal differentiation in Atavograptus atavus 
(Zalasiewicz, 2000a) has very slender prox-
imal thecae and a conspicuous but gradual 
distal widening of the stipes. 

Distinct elongation of the slender meta-
sicula is present in Coronograptus (Fig. 
4.4) and also in a few other genera (Rick-
ards, Hutt, & Berry, 1977) as well as an 
enhancement of the geniculum with the 
formation of genicular flanges (Fig. 4.6, 4.8). 
A differentiation of the thecal apertures with 
the formation of lateral apertural flanges and 
lobes also occurs (Fig. 4.5–4.8). The precise 
evolutionary relationship of these features 
has not been studied.

GENERA WITH SHORT SICULAE 

The sicula is about 1–2 mm long in these 
taxa, but details of the development are 
rarely available. The dimensions of the 
prosicula are unknown in most taxa.

Atavograptus Rickards, 1974, p. 141 [*Monograptus 
atavus Jones, 1909, p. 531; OD]. Straight to 
somewhat dorsally curved tubarium that becomes 
straight distally; sicula 1.2–1.8 mm long; first 
theca arises from middle part of metasicula via 
a resorption porus; thecae simple overlapping 
tubes, commonly with rounded genicula; thecal 
apertures simple, straight. Silurian, Llandovery 
(Rhuddanian, Akidograptus ascensus/Parakidograptus 
acuminatus Biozone–Aeronian, Neodiplograptus 
magnus Biozone): worldwide.——Fig. 5,1a–c. *A. 
atavus (Jones); 1a, lectotype, GSM 23710, stipe 
fragment (Zalasiewicz, 2000a, Atlas 1.6); 1b, latex 
cast of topotype, proximal end with sicula, GSM 
95254 (Zalasiewicz, 2000a, Atlas 1.6); 1c, proximal 
end, PŠ 3521, Czech Republic (Štorch, 2015, fig. 
10M). Scale bars, 1 mm.

Euroclimacis Štorch, 1998a, p. 120 [*Monograptus 
aduncus Bouček, 1931, p. 295; OD]. Tubarium 
dorsally curved proximally and ventrally curved or 
almost straight distally; sicula short; thecae with 
sharp geniculum, narrow aperture, and, particularly 
in proximal thecae, pronounced apertural hoods 
formed by elongated dorsal thecal wall. [Štorch 
(1994) discussed the strong intraspecific variation 
in the development of the genicular hoods of 
E. adunca].  Silurian, Llandovery (Telychian, 
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ulate, with supragenicular wall parallel to or less 
commonly inclined to axis of tubarium; apertural 
excavations semi-circular or semi-elliptical, often 
with overhanging hood, outgrowth of the dorsal 
wall; in some species, small number of proximal 
thecae are hooked. Silurian, Llandovery (Rhud-
danian, Cystograptus vesiculosus Biozone)–Wenlock 
(Homerian, Cyrtograptus lundgreni Biozone): world-
wide.——Fig. 5,3a–c. *M. vomerina (Nicholson); 
3a, neotype (Strachan, 1971, p. 91), proximal end 
only, Riccarton Beds, Elliotsfield, Scotland (Zalasie-
wicz, 2000c, Atlas 1.48); 3b–c, proximal end and 
distal fragment, BGS RCV2012, BGS RCV236, 
Buttington quarry, Wales (Loydell & Cave, 1993, 
fig. 7E–F). Scale bars, 5 mm.

Pernerograptus Přibyl, 1941, p. 9 [*Graptolites argen-
teus Nicholson, 1869, p. 239; OD] [=Pernero-
graptus (Quasipernerograptus) Zhao, 1984, p. 105 
(type, P. (Q.) leptotheca, OD), syn. by Loydell, 
herein; =Pseudopernerograptus Wang in Wang & 
others, 1987, p. 380 (type Monograptus revolutus 

Monoc l imaci s  c renulata  Biozone)–Wenlock , 
(Homerian, Cyrtograptus lundgreni Biozone): Spain, 
Czech Republic, UK, Estonia, Latvia, Morocco, 
Arctic Canada.——Fi g .  5,2a–c .  *E. adunca 
(Bouček); 2a, ?lectotype (selected by Přibyl, 1940b, 
p. 8), NMP L30665, showing the shape of the 
colony, Vyskočilka, Czech Republic (Zalasiewicz & 
Williams, 2000, Atlas 1.43); 2b, proximal end from 
type slab NMP L30665 (Zalasiewicz & Williams, 
2000, Atlas 1.43); 2c,  PŠ 475, Cyrtograptus 
murchisoni Biozone, Velká Ohrada, Czech Republic 
(Štorch, 1994, fig. 5,20c). Scale bars, 1 mm.

Monoclimacis Frech, 1897, p. 621 [*Graptolites 
vomerinus Nicholson, 1872, p. 52; OD] [=Hemi-
monograptus Zhao, 1984, p. 101 (type, Monocli-
macis opercula Mu & others, 1974, p. 218, OD), 
syn. by Maletz, herein] [?=Hubeigraptus Li, 1995, 
p. 268 (type, H. semilunatus, OD), syn. by Maletz, 
herein]. Tubarium straight or dorsally curved proxi-
mally; sicula short; first theca originates via modi-
fied resorption porus or derived type; thecae genic-

Fig. 4. The proximal end and thecal development of early monograptids. 1–2, Atavograptus ceryx (Rickards & Hutt, 
1970); 1, SM A67088, complete proximal end of longer specimen (Rickards & Hutt, 1970, fig. 1D), 2, holotype, 
SM A67087, pyritic internal mold (Rickards & Hutt, 1970, fig. 2A); 3, Atavograptus primitivus (Li in Yang & 
others, 1983) proximal end (Lukasik & Melchin, 1994, fig. 1,1); 4, Coronograptus gregarius (Lapworth, 1876a), 
proximal end, GSC 116247 (Lukasik & Melchin, 1997, fig. 7I); 5, Pribylograptus pleganopsis Lukasik & Melchin, 
1997, stipe fragment showing genicular hoods and lateral apertural lobes, GSC 116240 (Lukasik & Melchin, 
1997, fig. 7B); 6, Huttagraptus tholians Lukasik & Melchin, 1997, stipe fragment showing genicular hoods and 
flared apertures, note fragment of prosicula, GSC 116254 (Lukasik & Melchin, 1997, fig. 7P); 7, Pribylograptus 
incommodus (Törnquist, 1899), fragment, latex cast of part of specimen, LO 1456T (new); 8, Pribylograptus 
argutus (Lapworth, 1876a), thecal style, NMW 2002/19G.29D (adapted from Loydell & Maletz, 2009, pl. 6,7 ); 
9, Huttagraptus acinaces (Törnquist, 1899), holotype, LO 1436T, latex cast, showing long sicula and increasing 

thecal overlap (new). Scale bars, 1 mm.
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1975, pl. 17,3); 5e, proximal end with sicula, SM 
A85016, Yewdale Beck, England (Hutt, 1975, fig. 
17,2). Scale bars, 1 mm.——Fig. 5,5f–g. P. lepto-
theca (Zhao, 1984), proximal and distal fragments 
(Zhao, 1984, fig. 4A,C). Scale bars, 1 mm.

Pribylograptus Obut & Sobolevskaya, 1966, p. 33 
[*Monograptus incommodus Törnquist, 1899, 
p. 11; OD]. Tubarium long, variably and gently 
curved proximally, straight distally; sicula rarely 
recorded but usually 1.8–2.0 mm long; thecae 
simple, gradually widening tubes proximally, often 
with increasing overlap distally; transitions between 
thecal morphologies gradual; thecal apertures 
flanked by lateral lappets throughout colony; 
geniculate thecae have flanges or hoods over-
hanging thecal apertures; unpaired genicular or 
supragenicular spines may be present. Silurian, 
Llandovery (Rhuddanian, Cystograptus vesiculosus 
Biozone–Aeronian, Stimulograptus sedgwickii 
Biozone): worldwide.——Fig. 5,4a–c. *P. incom-
modus (Törnquist), Röstånga, Scania, Sweden; 
4a–b, holotype, LO 1456T, thecal style (Koren’ 

Kurck, 1882, p. 299, OD), syn. by Loydell, 
herein]. Straight to dorsally curved proximal part of 
tubarium with straight distal part; dorsal curvature 
accentuated in mesial part of colony; biform thecae; 
sicula small, apex not reaching to first metatheca; 
proximal thecae slender, axially elongated without 
overlap, terminated by apertural hoods that are 
either simple or transversely expanded; apertural 
hoods retreat in mesial thecae leaving only lateral 
lappets and dorsal apertural hoods which also 
subsequently retreat resulting in simple cylindrical, 
greatly overlapping distal thecae. Silurian, Llando-
very (Rhuddanian, Pernerograptus revolutus/Coro-
nograptus cyphus Biozone–Aeronian, Lituigraptus 
convolutus Biozone): worldwide.——Fig. 5,5a–b. 
P. revolutus (Kurck), syntype, LO 475t, Bollerup, 
Scania, Sweden, scale bars, 1 mm (Hutt, 1974, fig. 
1a–b).——Fig. 5,5c. P. sudburiae (Hutt, 1974), 
holotype, LO 4454T, Tommarp, Sweden, scale bar, 
1 mm (Hutt, 1974, fig. 1d).——Fig. 5,5d–e. *P. 
argenteus (Nicholson); 5d, lectotype, NHMUK 
Q3148, Skelgill, Lake District, England (Hutt, 

Fig. 5. Pernerograptinae (short siculae) (p. 7–9).



10 Treatise Online, number 156

Huttagraptus Koren’ & Bjerreskov, 1997, p. 13 
[*Atavograptus praestrachani Hutt & Rickards in 
Rickards, Hutt, & Berry, 1977, p. 102; OD]. 
Long, slender, slightly to strongly dorsally curved 
tubarium; sicula long (2–7 mm); first theca origi-
nates high on metasicula via resorption foramen; 
typically long overlapping thecae with free ventral 
walls at very low angle or parallel to tubarium axis 
and with pronounced angular geniculum proxi-
mally, creating marked thecal excavation, and in 
some species these features are retained mesially 
or throughout entire tubarium; genicular flanges 
may overhang thecal apertures forming distinct 
hoods; in some species geniculum retreats gradu-
ally and thecae become simple tubes with increased 
inclination of free ventral wall to the tubarium 
axis in species with thecae lacking genicula mesi-
ally or distally. Silurian, Llandovery (Rhuddanian, 
Cystograptus vesiculosus Biozone–Aeronian, Demir-
astrites triangulatus Biozone): worldwide.——Fig. 
6,2a–c,e. *H. praestrachani (Hutt & Rickards 
in Rickards, Hutt, & Berry), holotype, SM 
A60415a–b, Keisley, northern England, scale bars, 
1 mm (Hutt & Rickards, 1970, fig. 3C; Zalasie-
wicz, 2008a, Atlas 2.73); 2e, MGUH 24205, 
proximal end, Kos-Istek region, southern Urals, 
Russia, scale bars, 1 mm (Koren’ & Bjerreskov, 
1997, fig. 10B).——Fig. 6,2d. H. acinaces (Törn-
quist, 1899), holotype, LO 1436T, scale bar, 1 mm 
(Koren’& Bjerreskov, 1997, fig. 12H). 

Lagarograptus Obut & Sobolevskaya in Obut, Sobo-
leveskaya, & Merkureva, 1968, p. 90 [*L. inex-
peditus; OD]. Narrow, dorsally curved tubarium; 
long sicula (1.9–4.35 mm); first theca originates 

& Bjerreskov, 1997, fig. 21A); 4c, paratype, LO 
1457t, fragment (Koren’ & Bjerreskov, 1997, fig. 
21B). Scale bars, 0.1 mm.

GENERA WITH LONG SICULAE 

The sicula is more than 2 mm long in all 
taxa included in this group, and siculae of up 
to 16 mm in length have been documented 
for Coronograptus maxiculus Štorch, 1988 
(see Štorch, 1988).
Coronograptus Obut & Sobolevskaya in Obut, Sobo-

leveskaya, & Merkureva, 1968, p. 92 [*Monograptus 
gregarius Lapworth, 1876a, p. 317; OD]. Strongly 
dorsally curved tubarium that may become straight 
distally; sicula long (2.5–16 mm), with majority of 
length contributed by metasicula, which possesses 
a resorption porus; first theca emerges high on 
metasicula; thecae long overlapping tubes; genicu-
late immediately above or below thecal apertures, 
with concave free ventral thecal walls subaperturally 
at least in proximal thecae; flared, unornamented 
thecal apertures; genicular hoods may be developed 
proximally or throughout tubarium but are absent 
in most species. Silurian, Llandovery (Rhuddanian, 
Coronograptus cyphus Biozone–Aeronian, Lituigraptus 
convolutus Biozone): worldwide.——Fig. 6,1a. *C. 
gregarius (Lapworth), syntype, BU 1435, Dob’s 
Linn, Scotland, scale bar, 1 mm (Zalasiewicz, 2000b, 
Atlas 1.13).——Fig. 6,1b. C. cyphus (Lapworth, 
1876b), typical specimen BU 1430, Dob’s Linn, 
Scotland, scale bar, 5 mm (Zalasiewicz, Williams, 
& Akhurst, 2003, fig. 2A).

Fig. 6. Pernerograptinae (long siculae) (p. 10–11).
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via a resorption porus; overlapping, sharply genicu-
late thecae with free ventral walls subparallel to 
tubarium axis; shallow and narrow apertural exca-
vations; tonguelike ventral apertural process and 
dorsal apertural hood present on all thecae. Silu-
rian, Llandovery (Rhuddanian, Coronograptus cyphus 
Biozone–Aeronian, Campograptus curtus Biozone): 
Siberia, Kazakhstan, northern and Arctic Canada, 
China.——Fig. 6,3a–b. *L. inexpeditus Obut & 
Sobolevskaya; 3a, proximal end, MGUH 24347, 
Kos-Istek region, southern Urals, Russia (Koren’ & 
Bjerreskov, 1997, fig. 23H); 3b, distal fragment, 
MGUH 24343, Kos-Istek region, southern Urals, 
Russia (Koren’ & Bjerreskov, 1997, fig. 23B). Scale 
bars, 1 mm.

Neolagarograptus Štorch, 1998b, p. 228 [*Laga-
rograptus helenae Štorch, 1988, p. 24; OD]. 
Tubarium arcuately dorsally curved, slowly expanding 
in dorso-ventral width, with tendency to be parallel 
sided; sicula long (3.5–5.1 mm); long, overlapping, 
geniculate thecae with simple, slightly widened 
apertures, shallow apertural excavations and, in 
some species, a single ventral apertural process. Silu-
rian, Llandovery (Aeronian, Pribylograptus leptotheca 
Biozone–Stimulograptus sedgwickii Biozone): Czech 
Republic, Great Britain, Latvia, Myanmar, Iran, 
Saudi Arabia.——Fig. 6,4. *N. helenae (Štorch), 
holotype, PŠ 274, Tmaň, Czech Republic, scale bars, 
5 mm (Štorch, 1988, fig. 4D).

‘STREPTOGRAPTINES’ 

Dorsally or ventrally curved to proximally 
vaguely S-shaped and distally straight to 
fish-hook-shaped tubaria; proximal thecae 
without overlap in earlier taxa bearing thecae 
with distally increasing overlap; younger 
taxa lacking thecal overlap; sicula small 
with comparably large prosicula; origin of 
th1 from lenticular porus development low 
in sicula if known (sinus and lacuna stages 
not described or illustrated for any taxon 
of the group); isolated metathecae with 
coiled apertural part, bearing proximo-
ventrally directed nozzle; thecae originate 
through paired cupulae in derived taxa; 
thecae typically bear genicular platform with 
longitudinal convexity; uncoiled initial part 
of thecae widening distally or with bulge, 
widest part at base in some. Silurian, Llando-
very (Aeronian, Demirastrites triangulatus 
Biozone)–Wenlock (Homerian, Cyrtograptus 
lundgreni Biozone): worldwide.

Bouček and Přibyl (1943, 1951) and 
Bouček and Přibyl in Přibyl, 1948) dis-
cussed Streptograptus and Mediograptus as 
characterized by their special thecal aper-

tures, but identified them as subgenera 
of Monograptus. The authors differenti-
ated several distinct groups in the two taxa. 
Maletz and others (2019) used the term 
streptograptid to describe the character-
istic thecal construction of the genus Strep-
tograptus and of related genera, here included 
in the informal group referred to as the 
‘streptograptines.’  The streptograptines may 
be identified as a subfamily if the construc-
tional details prove to be phylogenetically 
meaningful. They can be viewed as related 
through their complex thecal apertures 
bearing conspicuous distal (lateral) lobes and 
the proximally directed nozzle (Fig. 7.3, Fig. 
8.4). The tubarium shape is highly variable, 
ranging from dorsally curved in Paramono-
climacis (Fig. 7.1) to fish-hook-shaped, with 
initial dorsal curvature and distal ventral 
curvature. Many slender forms are more 
variable in shape but are only slightly sinu-
ously curved. The isolated hooked distal 
metathecae may be of a variable length, but 
are often conspicuous. The apertures are 
strongly introverted and open into the ventral 
metathecal sides, typically into a platform 
with thickened rim (Fig. 8.10) (Loydell & 
Maletz, 2004). Earlier taxa without cupulae 
usually possess metathecae with a relatively 
long, isolated hook (Fig. 8.1) before the 
development of the thecal aperture.

Specimens of the genus Paramonoclimacis 
may easily be misidentified as Pernerograptus 
species with simple apertural hoods when 
flattened. A thecal gradient comparable 
to that of Pernerograptus is also visible in 
Paramonoclimacis (see Fig. 7.1, displacement 
of cupulae) but not in other genera of the 
group and may indicate the phylogenetic 
relationship of the streptograptines to the 
earlier pernerograptines.

Important characters such as the char-
acteristic cupulae (Fig. 8) of derived strep-
tograptines or the increasing thecal overlap 
of earlier forms (Fig. 7.1) are typically not 
recognizable in flattened material. Therefore, 
the generic assignment of many species is 
difficult. Chemically isolated material clearly 
shows remains of cupulae in Mediograptus 
species and also the characteristic thecal 
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Fig. 7. Streptograptine proximal ends and colony construction. 1–2, Paramonoclimacis sidjachenkoi (Obut & Sobo-
levskaya in Obut, Sobolevskaya, & Bondarev, 1965); 1, thecal apertures and associated cupulae (blue) are labeled; 
2, proximal end illustrating important tubarium features (based on Maletz & others, 2019, fig. 1); 3, Streptograptus 
dalecarlicus Loydell & Maletz, 2004, thecal aperture showing distinct nozzle and outward-directed distal lobes 

on thecal aperture. Prothecae (green) and metathecae (purple) are color coded (new).

Fig. 8. Tubarium character of streptograptines. 1, Streptograptus ansulosus (Törnquist, 1892), thecal style with long 
isolated part, lacking cupulae and platform; 2–5, Streptograptus dalecarlicus Loydell & Maletz, 2004, showing 
cupulae and laterally extended distal lobes; 6–7, Streptograptus sartorius (Törnquist, 1881) with apron covering the 
platform in mature thecae; 8, Streptograptus johnsonae (Loydell, 1991), proximal end with complete th1 showing 
apron, th2 and th3 without apron; 9, Mediograptus antennularius (Meneghini, 1857), reconstruction of proximal 
end showing simplified metatheca and origin of th2 (adapted from Teller, 1986, fig. 8); 10, Streptograptus sartorius 
specimen, Solberga, Dalarna, Sweden (Maletz & others, 2019, fig. 3L). Illustrations not to scale. The following are 

color-coded: cupulae, red; prothecae, orange; metathecae, yellow; apron, green (new).



Family Monograptidae 13

apertural nozzle. The cupulae may be reduced 
in size. Teller (1986) described isolated 
specimens of Mediograptus antennularius 
(Meneghini, 1857) and Mediograptus flex-
uosus (Tullberg, 1883) from the Monograptus 
flexilis Biozone (Sheinwoodian, Wenlock) 
of Poland. Mediograptus flexuosus appears to 
have cupulae (Teller, 1986, pl. 6.11). The 
illustrations are partly simplified (Fig. 8.9) 
but show the main characters of the tubaria. 
Jaeger (1991) described Streptograptus serex-
iguus (Jaeger, 1991) from the Homerian 
Testograptus testis Biozone (equivalent to the 
Cyrtograptus lundgreni Biozone) of Nevada as 
the youngest form within the Streptograptus 
exiguus group.

Streptograptus Yin, 1937, p. 297 [*Graptolithus 
plumosus Baily, 1871, p. 22; SD ICZN, 1993, p. 
90 (replacement of Monograptus nodifer Törnquist, 
1881, sensu Elles & Wood, 1913, pl. 46,2a–d; 

Yin, 1937, p. 297; proposed to ICZN by Loydell 
& Chen, 1991)] [=Globosograptus Bouček & Přibyl 
in Přibyl, 1948, p. 37 (type, Monograptus wimani 
Bouček 1932, p. 153, OD), syn. by Loydell, 1996, 
p. 891; =Awarograptus Zalasiewicz & Howe, 2003, 
p. 45 (type, Monograptus nodifer Törnquist, 1881, 
OD), syn. by Loydell & Nestor, 2006, p. 590]. 
Tubarium straight, dorsally, ventrally or dorso-
ventrally curved; sicula small; first theca originates 
via a lenticular porus; metathecae coiled; thecal 
apertures with central, proximo-ventrally directed 
nozzle, in some taxa developed only in the apron. 
Silurian, Llandovery (Aeronian, Pribylograptus lepto-
theca Biozone)–Wenlock (Homerian, Cyrtograptus 
lundgreni Biozone): worldwide.——Fig. 9,1a–b.  
*S. plumosus (Ba i ly) ;  1a,  neotype, BELUM 
K12274d, Tieveshilly, County Down, Northern 
Ireland, scale bar, 1 mm (Loydell, 1990b, fig. 
1); 1b, larger specimen showing tubarium shape, 
MGM6646-0, El Pintado reservoir, Seville Prov-
ince, Spain, scale bar, 1 mm (Loydell, Frýda, & 
Gutiérrez-Marco, 2015, fig. 21AQ).——Fig. 
9,1c–d. S. nodifer (Törnquist), neotype (Zalasie-
wicz & Howe, 2003, p. 46), proximal end and 
distal thecal style, LO 6465t, Nitsjö, Dalarna, 

Fig. 9. Streptograptines (p.13–14).
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Sweden (Zalasiewicz & Howe, 2003, fig. 1). Scale 
bars, 1 mm.——Fig. 9,1e–f. S. wimani (Bouček, 
1932); 1e, lectotype (Bouček & Přibyl in Přibyl, 
1948, p. 38), Vyskočilka, Czech Republic (Bouček, 
1932, fig. 1i); 1f, proximal end showing sicula, 
MGM 142-S, Jabalón River section, central Spain 
(Loydell & others, 2009, fig. 4F). Scale bars, 1 mm.

Mediograptus Bouček & Přibyl in Přibyl, 1948, p. 39 
[*Monograptus kolihai Bouček, 1931; OD]. Slender, 
dorsally or dorso-ventrally curved tubarium; sicula 
short, apex reaching no higher than top of first 
theca; long, narrow prothecae in some species 
with cupulae at base; metathecae complex, the 
aperture comprising central, more or less well 
defined, proximal-facing portion, and two laterally 
curved parts, which may face laterally, dorsally, 
ventrally, proximally, distally, or a combination of 
the above depending on degree of twisting of horn-
like lateral regions of metatheca; thecae exhibit 
overlap throughout tubarium. Silurian, Llandovery 
(Telychian, Cyrtograptus insectus Biozone)–Wenlock 
(Homerian, Cyrtograptus lundgreni Biozone): world-
wide.——Fig. 9,2a–b. *M. kolihai (Bouček); 2a, 
lectotype (Přibyl, 1948, p. 39), NMP L30671 
Motol Formation, Vyskočilka near Malá Chuchle, 
Prague, Czech Republic (Bouček, 1931, fig. 8A); 
2b, proximal end, PŠ 481.11 (Štorch, 1994, fig. 
5.6 ) Scale bars, 1 mm.——Fig. 9,2c. M. flittoni 
Loydell & Cave, 1996, holotype, BGS RCV3587,  
Banwy River section, Powys, Wales, scale bar, 1 mm 
(Loydell & Cave, 1996, fig. 13B). 

Paramonoclimacis Wang & Ma in Wang & others, 
1977, p. 360 [*P. typicalis; OD; =Pernerograptus 
sidjachenkoi; Obut & Sobolevskaya in Obut, 
Sobolevskaya, & Bondarev, 1965; syn. by Mu 
& others, 2002, p. 896]. Initially dorsally plani-
spirally coiled, distally straight distinctly widening 
tubarium; small sicula; cupulae at base of prothecae; 
proximal thecae lack overlap and have coiled meta-
thecae with lateral apertural lobes and nozzle; 
thecal overlap increases distally; distally coiling of 
metathecae becomes steadily less pronounced and 
distalmost thecae have a thecal apertural excava-
tion and overhanging hood. Silurian, Llandovery 
(Aeronian, Lituigraptus convolutus Biozone): China, 
Russia, Canada, USA (Alaska).——Fig. 9,3a–b. P. 
sidjachenkoi (Obut & Sobolevskaya); 3a, holotype, 
proximal end, CNIGR 8783/89, Taimyr (Maletz & 
others, 2019, fig. 2A); 3b, *P. typicalis, holotype, 
large specimen (Wang & others, 1977, fig. 47). 
Scale bars, 1 mm.

Pseudostreptograptus Loydell, 1991, p. 236 [*P. 
williamsi; OD]. Tubarium strongly ventrally 
curved; sicula small; prominent cupulae at base 
of prothecae; retroverted metathecae terminate in 
upturned lip as in Streptograptus but are also later-
ally expanded and furnished with lateral spines 
or more distally branching spatulate processes; 
platform concave. Silurian, Llandovery (Telychian, 
Spirograptus guerichi Biozone): Wales, Spain, 
Sweden, Australia.——Fig. 9,4. *P. williamsi, 
topotype, BGS DKL 1372, south of Craig-y-Delyn, 
Aberystwyth, Wales, scale bar, 1 mm (Loydell, 
1991, fig. 9H).

Trimorphograptus Zhao, 1984, p. 102 [*Pernero-
graptus qijiangensis  Ye,  1978, p. 478; OD]. 
Tubarium dorsally curved considerably near prox-
imal end, straight distally; proximal end unknown; 
proximal thecae hooked; mesial thecae with genic-
ulum, apertural excavation and thecal hoods; distal 
thecae with rounded geniculum or straight ventral 
walls; thecal details unknown. Silurian (Aeronian): 
China.——Fig. 9,5. T. minor Zhao, 1984, nearly 
complete specimen, scale bar, 1 mm (Zhao, 1984, 
fig. 3).

Subfamily MONOGRAPTINAE 
Lapworth, 1873

[Monograptinae Lapworth, 1873, table 1, facing p. 555, 
ex Monograptidae Lapworth, 1873, table 1, facing p. 555] 
[=Rastritinae Gürich, 1908, p. 35, ex Rastritidae Gürich, 
1908, p. 35, Přibyl, 1946, p. 276; =Demirastritinae Hundt, 
1943, p. 263, ex Demirastritidae Hundt, 1943, p. 263, Přibyl, 
1946, p. 276; =Diversograptinae Hundt, 1943, p. 263, ex 
Diversograptidae Hundt, 1943, p. 263, Přibyl, 1946, p. 276; 
=Spirograptinae Obut, 1950, p. 265; =Cyrtograptinae Aver-
ianow, 1929, p. 103, ex Cyrtograptidae Averianow, 1929, p. 

103, Yin, 1937, p. 296] 

Straight to dorsally coiled, planispiral to 
trochospiral, S-shaped, or ventrally coiled 
tubarium with hooked, triangular to rastritid 
thecae with or without thecal overlap; hooks 
may be lost and thecal overlap may increase 
distally; sicula with lenticular porus or 
derived one; apertures hooked, generally 
bearing paired apertural spines or lappets. 
Silurian, Llandovery (Aeronian, Demirastrites 
triangulatus Biozone)–Wenlock (Homerian, 
Cyrtograptus lundgreni Biozone): worldwide.

The subfamilies introduced by Hundt 
(1943) and Přibyl (1946) for taxa here 
included in the Monograptinae are not 
considered necessary. Obut (1950) used the 
subfamily Spirograptinae in his text, but the 
taxon was never defined or discussed further. 
Přibyl (1946) included the genus Spirograptus 
in his subfamily Monograptinae, however, 
Obut (1957, 1964) did not mention the 
Spirograptinae.

MORPHOLOGY

Most taxa of the Monograptinae have a 
variably developed dorsal curvature, either 
planispiral or trochospiral. Distally, the 
stipes may be straight. The relationships to 
the ventrally curved genera Cochlograptus 
and Testograptus with similar thecal style 
have been uncertain in the past. Lenz and 
Melchin (2008) analysed the two genera 
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and concluded that both originated indepen-
dently from monograptid ancestors as a result 
of convergent evolution. Cochlograptus may 
be related to Stimulograptus or Monograptus 
and Testograptus could have its origin in a 
Monograptus flemingii type ancestor.

The thecae in the Monograptinae (Fig. 
10) are quite variable at first sight, but 
have certain commonalities. They are vari-
ably elongated with an apertural hood or 
hook, thus an opening that is proximally or 
ventrally directed. The shape may change 
gradually along the stipes in a typical 
biform fashion. In general, it is triangular 
with an isolated apertural part, however, 
parallel-sided isolated prothecae are also 
common. Metathecae may be completely 
isolated and parallel sided as in Rastrites or 
in the proximal thecae of Lituigraptus (Fig. 
10.1–10.2, 10.4) and early Torquigraptus, 
such as Torquigraptus decipiens (Törnquist, 
1899). In Lituigraptus, the thecae bear 
paired laterally directed hornlike exten-
sions in distal thecae. The thecal aperture is 
directed proximally or ventrally and bears a 

wide dorsal hood (Fig. 10.2). Distally, the 
thecae are more robust and the prothecae 
widen considerably (Loydell & Maletz, 
2009). The apertural hood may be strongly 
laterally extended as in Oktavites contortus 
(Fig. 10.7). Thecal overlap may be close 
to none, as in Spirograptus and Oktavites, 
but is absolutely none in Rastrites, with 
its very slender parallel-sided prothecae 
(Fig. 10.4). Considerable thecal overlap is 
present in many species of Monograptus. 
Campograptus harpago (Törnquist, 1899) 
and Campograptus lobiferus (M‘Coy, 1850) 
have proximal thecae with hooked apertures 
and distinct paired spines as do species of 
the genus Monograptus, for example, as 
in Monograptus priodon (Bronn, 1835). 
The spines diminish distally and the thecal 
apertures curve and aperturally grow back 
on themselves as they also do in Lapwor-
thograptus grayae (Chopey-Jones, Williams, 
& Zalasiewicz, 2003). In Stimulograptus 
sedgwickii, the thecal apertures bear paired 
lateral spines, but a dorsal hood is lacking. 
The central part of the thecal aperture is 

Fig. 10. Thecal style in the Monograptinae. 1–2, Lituigraptus convolutus (Hisinger, 1837), isolated thecae in lateral 
(1) and ventral (2) views; 3, Torquigraptus sp., isolated theca with torsion and laterally widened aperture; 4, Rastrites 
sp., single theca; 5, Spirograptus turriculatus (Barrande, 1850), juvenile; 6, Stimulograptus sedgwickii (Portlock, 
1843), two thecae with paired spines; 7, Oktavites contortus (Perner, 1897), thecal apertures with pointed lateral 
extensions and wide hood (new). All specimens Kalholn Shale, Dalarna. Scale bars, 1 mm in 6; all others 0.1 mm. 
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directed ventrally with the paired spines in 
a proximal position (Fig. 10.6), producing a 
wide and much more open aperture in distal 
thecae. Proximal thecae clearly show the 
apertural hood and paired lateral spines, indi-
cating a considerable transformation of thecal 
shapes along the stipes in the Monograptinae, 
leading to the development of biform thecal 
styles.

Torsion of the metathecae can be seen 
in Torquigraptus, in which the thecal aper-
tures are twisted to the reverse side of the 
tubarium, and the thecal hood may be some-
what laterally expanded (Fig. 10.3). Asym-
metry without torsion is visible in the thecae 
of Spirograptus turriculatus (Fig. 10.5), in 
which the second apertural spine is missing 
in most thecae, and the aperture becomes 
tear-shaped (Melchin & Lenz, 1986).

Triangulate thecae with a distinct hood 
or hook and a proximally oriented aperture 
bearing paired spines, along with a strong 
dorsal hood or lobe (Fig. 11.1, 11.2), are 
also present in many Cyrtograptus species 
(see Teller, 1976), while their cladial stipes 
often bear more simple thecae with some 
thecal overlap and distally directed, paired 

apertural lobes (Fig. 11.7). These hooked 
apertures and apertural spines are either 
symmetrical or asymmetrical in species of 
Cyrtograptus (Lenz & Melchin 1989). A 
distinct thecal gradient from triangulate 
thecae proximally to those with low incli-
nation may also occur. Increased thecal 
overlap also signals changes in the apertural 
development (Fig. 11.6). Simple apertural 
development, without any hooks, hoods, 
or lobes, is present in Cyrtograptus hamatus 
(Fig. 11.8) and some other species of the 
genus Cyrtograptus. The genus has been 
suggested to be polyphyletic (e.g., Rickards, 
Hutt, & Berry, 1977; Fu, 1994; Williams 
& Zalasiewicz, 2004; Urbanek & Teller, 
1997), and Lenz and others (2012) decided 
not to use the family Cyrtograptidae but 
include the genus Cyrtograptus in Monograp-
tidae instead. 

Taxa with and without cladia are here 
differentiated for purely practical reasons. 
The differentiation does not have any taxo-
nomic implications, and the cladia-bearing 
taxa may have evolved independently from 
other taxa of the Monograptinae. The pres-
ence or absence of cladia cannot be regarded 

Fig. 11. Tubarium development in Cyrtograptus. 1 and 8, Cyrtograptus hamatus (Baily, 1862) (adapted from Teller, 
1976, fig. 11–12); 2–7, Cyrtograptus perneri Bouček, 1933 (2,5,7; adapted from Thorsteinsson, 1955, fig. 1–4 as 
Cyrtograptus rigidus n. ssp.; Lenz & others, 2012, p. 32); 3–4, adapted from Bulman (1955, fig. 47); 6, adapted 

from Bulman (1970, fig. 65; correction after Bulman, 1955, fig. 47). Illustrations not to scale. 
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as a useful taxonomic character but has been 
used as an important and even defining char-
acter for the genus Cyrtograptus in the past.

NON-CLADIA BEARING TAXA

Rickards, Hutt, and Berry (1977; fig. 1) 
provided the only available interpretation of 
early monograptids, suggesting the origina-
tion of several independent lineages from the 
genus Atavograptus and of the Monograptus 
priodon group from Monoclimacis. The non-
cladia bearing taxa of the Monograptinae 
form a paraphyletic taxon and gave rise to 
cladia-bearing taxa multiple times.
Campograptus Obut, 1949, p. 24 [*Monograptus 

convolutus var. communis Lapworth, 1876b, p. 
358; SD Obut, 1964, p. 328]. Tubarium gently 
to strongly dorsally curved proximally, becoming 
almost straight distally; thecae triangular with no 
overlap; prothecal bases broad; simply hooked 
metathecae, thecal hook proximally involving 
primarily dorsal and, to much lesser extent, ventral 
thecal wall, and mesially and distally probably 
dorsal wall only; thecal apertures of proximal, 
mesial and, in some species, even distal thecae 
possess paired ventro-laterally or proximo-laterally 
directed spines; proximal thecae may be axially 
elongated. Silurian, Llandovery (Aeronian, Demir-
astrites triangulatus Biozone–Stimulograptus sedg-
wickii Biozone): worldwide.——Fig. 12,1a–c. 
*C. communis (Lapworth); 1a, lectotype (Přibyl, 
1948, p. 48), BU 1684a, proximal end not shown 
(Lapworth, 1876b, fig. 4a); 1b, proximal end in 
relief, internal mould, SM A24487, C horizon 
(Demirastrites triangulatus Biozone), Rheidol Gorge 
(Sudbury, 1958, fig. 20). Scale bars, 1 mm.

Cochlograptus Obut, 1987, p. 142 [*Nautilus veles 
Richter, 1871, p. 243, fig. 1; OD]. Disk-shaped, 
ventrally and continuously planispirally coiled 
tubarium with sharp ventral deflection near apex 
of sicula; tubarium development by means of pseu-
dovirgula; sicula moderately to strongly ventrally 
curved; prominent triangular dorsal tongue on 
sicular aperture; thecae hooked, with well-devel-
oped, paired lateral spines. Silurian, Llandovery 
(Telychian, Streptograptus crispus Biozone–Oktavites 
spiralis Biozone): worldwide.——Fig. 12,2a–b. 
*C. veles (Richter); 2a, lectotype, BGR X11901a, 
Thuringia, Germany (precise locality unknown) 
(Maletz, 2001, fig. 3a); 2b, holotype of Monograptus 
discus Törnquist, 1883, LO 1071T, Kallholn, 
Dalarna, Sweden (Maletz, 2017a, fig. 6D). Scale 
bars, 1 mm. 

Cultellograptus Loydell & Nestor, 2006, p. 602 
[*Monograptus cultellus Törnquist, 1881, p. 434; 
OD]. Tubarium straight, except for initial ventral 
curvature that involves the sicula; thecae with 
extremely wide metathecae, hooked, nonspinose, 

lacking overlap; common canal narrow. Silurian, 
Llandovery (Telychian, Oktavites spiralis Biozone)–
Wenlock (Sheinwoodian, Cyrtograptus murchisoni 
Biozone): UK, Czech Republic, Germany, Romania, 
Baltic States, Sweden, Morocco.——Fig. 12,9a–b. 
*C. cultellus; 9a, MGUH 31.681, Sommerodde-1 
core, Bornholm, Denmark, (Loydell & others, 
2017, fig. 16I); 9b, isolated proximal end, Ventspils 
D-3 drill core, Latvia (adapted from Loydell & 
Nestor, 2006, fig. 9E). Scale bars, 1 mm.

Demirastrites Eisel, 1912, p. 27 [*Rastrites triangu-
latus Harkness, 1851, p. 59; SD Bulman, 1929, p. 
175]. Tubarium with proximally accentuated dorsal 
curvature; sicula small, apex reaching to about level 
of first metatheca at maximum; metathecae isolated, 
inclined at high angle to the tubarium axis; thecal 
apertural hoods or hooks may be extended trans-
versely into pair of lateral horns; mesial and distal 
thecae are more or less high-triangular in profile; 
first theca rastritid or triangular, axially elongated; 
up to several succeeding proximal thecae may have 
very slender elongated prothecae, slightly widening 
toward the base of widely separated, parallel-sided 
rastritiform metathecae. Silurian, Llandovery (Aero-
nian, Demirastrites triangulatus Biozone–Demir-
astrites pectinatus Biozone): worldwide.——Fig. 
12,3a–c. *D. triangulatus (Harkness); 3a, lectotype 
(Přibyl & Münch, 1941, p. 5), strongly distorted 
specimen, BGS 6941, Birkhill Shales, Frenchland 
Burn, Scotland (Zalasiewicz, 2008b, Atlas 2.92); 
3b, specimen missing proximal end, PŠ 3517, 
Všeradice, Czech Republic (Štorch, 2015, fig. 
17f ); 3c, proximal end, PŠ 3643, Všeradice, Czech 
Republic (Štorch, 2015, fig. 17m). Scale bars,  
1 mm.

Lapworthograptus Bouček & Přibyl, 1952, p. 13, 
ex Monograptus (Lapworthograptus) Bouček & 
Přibyl, 1952, p. 13; Zalasiewicz, 1995, p. 30. 
[*Cyrtograptus Grayi Lapworth, 1876c, p. 545; 
OD] [=Prochnygraptus Přibyl & Štorch, 1985, 
p. 159 (type, Monograptus singularis Törnquist, 
1892, p. 22, OD), syn. by Zalasiewicz, 1995, 
p. 34]. Tubarium irregularly curved or coiled in 
loose spiral; prothecae narrow, expanding gradu-
ally distally; metathecae initially growing ventrally 
to dorso-ventrally, then bending sharply through 
180 degrees to grow dorsally; thecal apertures 
face dorsally or proximally. [Possible cladium only 
known from holotype (Zalasiewicz & Loydell, 
2008); needs to be verified.] Silurian, Llandovery, 
Telychian (Monoclimacis crenulata Biozone–Okta-
vites spiralis Biozone): UK, Germany, Sweden, Baltic 
States.——Fig. 13,3a–c. *L. grayae (Lapworth); 
3a–b, holotype, NHMUK Q847, specimen and 
thecal detail, Penwhapple Glen, Girvan, Scotland, 
scale bars, 5 mm (Zalasiewicz & Loydell, 2008, 
Atlas 2.33); 3c, isolated thecae, NRM PZ Holm 
1352, Stygforsen, Dalarna, Sweden, scale bar, 1 mm 
(Bulman, 1932, pl. 6,13–6,14).——Fig. 13,3d. L. 
singularis (Törnquist, 1892), PŠ 218/1, fragment, 
Prague-Řepy, Czech Republic, scale bar, 1 mm 
(Přibyl & Štorch, 1985, fig. 3C). 
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Fig. 12. Monograptinae (p. 17–20).
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Lituigraptus Ni, 1978, p. 412, ex Rastrites (Lituigraptus) 
Ni, 1978, p. 412, Štorch, 1998b, p. 248 [*Rastrites 
(Lituigraptus) glomeratus; OD; =Prionotus convolutus 
Hisinger, 1837, syn. by Štorch, 1998b, p. 248] 
[=Corymbites Obut & Sobolevskaya in Obut, 
Soboleveskaya, & Nikolaev, 1967, p. 132 (type, 
C. sigmoidalis, OD) syn. by Loydell, herein; non 
Corymbites Linnaeus, 1758 (Coleoptera, Elateridae, 
modern beetle)]. Dorsally enrolled spiral tubarium; 
distally tubarium axis may gradually twist and 
thecae may be situated ventrally or perpendicular 
to spiral plane; proximal thecae rastritiform, with 
threadlike prothecae and straight, tubular meta-
thecae with hooded apertures; mesially thecae grad-
ually become high triangular; apertural hoods grad-
ually retreat being substituted by prominent paired, 
ventrally to ventro-proximally directed, lateral 
processes. Silurian, Llandovery (Aeronian, Demir-
astrites simulans Biozone–Telychian, Spirograptus 
guerichi Biozone): worldwide.——Fig. 12,4a–d. 
P. convolutus (Hisinger); 4a, holotype, NRM Cn 
68951, Furudal, Dalarna, Sweden (Hisinger, 1837, 
pl. 35.7 ); 4b, medium-sized specimen with thecal 
apertures, BB 697, Tmaň, Czech Republic (Štorch, 
1998b, fig. 11.7B); 4c, proximal end with sicula, 
PŠ 724, Tmaň, Czech Republic (Štorch, 1998b, 
fig. 11,7D ); 4d, holotype of *L. glomeratus Ni, 
1978, NIGP 45401 (Ni, 1978, fig. 7.7 ). Scale 
bars, 1 mm.

Monograptus Geinitz, 1852, p. 32, nom. correct. pro 
Monograpsus Geinitz, 1852, p. 32; ICZN, Opinion 
198, 1954; pro Lomatoceras Bronn, 1835, p. 56; 
pro Monoprion Barrande, 1850, p. 36, ICZN, 
Opinion 198, 1954 [*Lomatoceras priodon Bronn, 
1835; SD Bassler, 1915, p. 822] [=Pomatograptus 
Jaekel, 1889, p. 677 (type, Lomatoceras priodon 
Bronn, 1835, SD Bulman, 1929, p. 180) obj.; 
=Priodon Nilsson cited in Bronn, 1835, p. 56; 
=Ancylograptus Obut & Morozova in Obut & 
others, 1988, p. 62; ex Monograptus (Ancylograptus) 
Obut & Morozova in Obut & others, 1988, p. 62 
(type, Monograptus flexilis Elles, 1900, p. 407; OD; 
=Graptolithus (Monograpsus) belophorus Meneghini, 
1857, p. 165, syn. by Štorch & Manda, 2019, 
p. 53), syn. herein]. Tubarium straight or dorsally 
curved proximally and then straight; thecae 
hooked with or without paired apertural spines 
or processes; thecal apertures face proximally or 
proximo-dorsally; thecae overlap, typically for half 
their length or more distally. Silurian, Llandovery 
(Telychian, Spirograptus guerichi Biozone)–Wenlock 
(Homerian, Colonograptus praedeubeli-deubeli 
Biozone): worldwide.——Fig. 12,5a–b. *M. priodon 
(Bronn); 5a, holotype, fragment (Bronn, 1835, 
pl. 1.13; not found in the Bronn collection at the 
Museum of Comparative Zoology, Harvard Univer-
sity, Cambridge, MA, USA (personal communica-
tion, Jessica D. Cundiff, 2014), scale unknown; 5b, 
proximal end in relief, SMF 75780, glacial boulder, 
scale bar, 1 mm (Maletz, 2017b, pl. 15B).

Oktavites Levina, 1928, p. 10 [*Graptolithus spiralis 
Geinitz, 1842, p. 700; SD Obut, 1964, p. 328] 

[=Obutograptus Mu, 1955, p. 10 (type, Graptolithus 
spiralis Geinitz, 1842, p. 700, OD, obj.)]. Dorsally 
curved or spirally coiled tubarium; metathecae 
triangular, sometimes almost rastritiform proxi-
mally, with little or no overlap; thecal apertures 
laterally expanded, sometimes asymmetrically; 
torsion, affecting the entirety of metatheca, devel-
oped distally; extension of metathecal dorsal wall 
over central portion of aperture causes this to face 
dorsally. Silurian, Llandovery (Aeronian, Stimu-
lograptus sedgwickii Biozone–Telychian, Cyrtograptus 
lapworthi Biozone): worldwide.——Fig. 12,6a. 
*O. spiralis (Geinitz), syntype (not preserved, 
see Maletz, 2001, p. 171) (Geinitz, 1842, pl. 
10.26 ); 6b–c, stipe fragments showing thecal style, 
Dalarna, Sweden (Bulman, 1932, pl. 6,15–16 ). 
Scale unknown.

Rastrites Barrande, 1850, p. 64 [*R. peregrinus; 
SD Hopkinson, 1869, p. 158] [=Rastrograptus 
Hopkinson & Lapworth, 1875, p. 633 pro Rastrites 
Barrande, 1850; =Stavrites Obut & Sobolevskaya 
in Obut, Sobolevskaya, & Merkureva, 1968, p. 
111 (type, S. rossicus, OD), syn. by Loydell, herein]. 
Tubarium straight or dorsally curved proximally 
to various degrees, straight distally; threadlike 
prothecae; straight, isolated metathecae, inclined 
at high angle to tubarium axis throughout length 
of colony; thecal apertures slightly hooked or 
hooded, sometimes with small paired apertural 
spines or lateral extensions. [Rickards, Hutt, and 
Berry (1977) and Štorch and Loydell (1992) 
discussed a possibly polyphyletic concept of the 
genus]. Silurian, Llandovery (Aeronian, Demirastrites 
triangulatus Biozone–Telychian, Monoclimacis grie-
stoniensis Biozone): worldwide.——Fig. 12,7a–c. 
*R. peregrinus; 7a, lectotype, fragment, NMP 
L27954, Libomyšl, Czech Republic (Štorch, 2000a, 
Atlas 1.87); 7b, complete specimen, NMP L30073, 
Bykoš, Czech Republic (Štorch, 2000a); 7c, long 
specimen with complete sicula, PŠ 724, Tmaň, 
Czech Republic (Štorch, 1998b, fig. 11,3B).——
Fig. 12,7d. R. rossicus (Obut & Sobolevskaya in 
Obut, Sobolevskaya, & Merkureva, 1968) holo-
type, CNIGR 270/9765 (Obut & Sobolevskaya 
in Obut, Sobolevskaya, & Merkureva, 1968, pl. 
31,6 ). Scale bars, 1 mm. 

Spirograptus Gürich, 1908, p. 34 [*Graptolithus 
turriculatus Barrande, 1850, p. 56; SD Bulman, 
1929, p. 182] [=Tyrsograptus Obut, 1949, p. 24 
(type, Graptolithus turriculatus Barrande, 1850, 
p. 56, SD Obut, 1964, p. 328), obj.]. Tubarium 
trochospirally coiled; sicula small (<1.5 mm) and 
dorsally curved, and in one species at least also 
exhibits dextral torsion; thecae hooked in manner 
of those of Stimulograptus, and bearing one or 
two apertural spines; thecal apertures may be 
symmetrical or asymmetrical resulting from differ-
ential development of the apertural margin, but 
without significant torsion; thecal overlap is negli-
gible; common canal wide. Silurian, Llandovery 
(Aeronian, Stimulograptus halli Biozone–Telychian, 
Streptograptus sartorius Biozone): worldwide.——
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Fig. 12,8. *S. turriculatus (Barrande), lectotype, 
NMP L27597, Litohlavy, Czech Republic, scale 
bar, 5 mm (Štorch, 2000b, Atlas 1.92). 

Stimulograptus Přibyl & Štorch, 1983, p. 221, ex 
Monograptus (Stimulograptus) Přibyl & Štorch, 
1983, p. 221[*Graptolithus halli Barrande, 1850, 
p. 48; OD] Tubarium straight, dorso-ventrally 
curved, or dorsally curved proximally then straight 
distally; sicula less than 2 mm long; hooked, 
triangular thecae bear paired latero-ventrally 
directed spines; thecal overlap insignificant; distal 
thecae may be ventrally directed and without 
hook. Silurian, Llandovery (Aeronian, Lituigraptus 
convolutus Biozone–Telychian, Oktavites spiralis 
Biozone): worldwide.——Fig. 12,10a–c. *S. halli 
(Barrande); 10a, lectotype, NMP L20322, Rastrites 
linnaei Biozone, Želkovice, Czech Republic (Přibyl 
& Štorch, 1983, pl. 2.1); 10b, proximal end, PŠ 
106b, Hlásná Třebaň, Czech Republic (Přibyl & 
Štorch, 1983, fig. 2A); 10c, distal fragment, PŠ 
108/3, Hlásná Třebaň, Czech Republic (Přibyl & 
Štorch, 1983, fig. 2B).

Testograptus Přibyl, 1967b, p. 49, ex Monograptus 
(Testograptus) Přibyl, 1967b, p. 49; Loydell & 
Cave, 1994, p. 612 [*Graptolithus testis Barrande, 
1850; OD]. Tubarium planispirally and ventrally 
coiled through up to 450°, curvature strongest 
proximally with abrupt ventral flexure immediately 
distal of sicular apex; sicula weakly ventrally curved; 
tubarium development occasionally by means of 

pseudovirgula; thecae biform, with long, paired, 
laterally directed spines; proximalmost thecae 
with strongly hooked metatheca, distal thecae 
with lesser hook; thecal overlap about 50–75%. 
Silurian, Wenlock (Homerian, Cyrtograptus lund-
greni Biozone): worldwide.——Fig. 13,1a–c. *T. 
testis (Barrande); 1a, ?lectotype, scale unknown 
(Barrande, 1850, pl. 3.19 ); 1b, isolated specimen, 
scale bar, 5 mm (Urbanek & Teller, 1974, pl. 24); 
1c, small isolated specimen showing tubarium 
details, scale bar, 1 mm (Urbanek & Teller, 1974, 
fig. 1). 

Torquigraptus Loydell, 1993, p. 112 [*Graptolithus 
proteus var. plana Barrande, 1850, p. 58; OD]. 
Tubarium curved, or coiled, bearing thecae that 
exhibit torsion only of apertural part of the meta-
theca, toward reverse side of tubarium, in most cases 
throughout length of the colony, in some species 
only mesially and distally; thecal apertures simple, 
with no marked asymmetry or lateral expansion; 
early thecae may be axially elongate or rastritiform; 
distal thecae triangulate. Silurian, Llandovery (Aero-
nian, Pribylograptus leptotheca Biozone–Telychian, 
Oktavites spiralis Biozone): worldwide.——Fig. 
13,2a–d. *T. planus (Barrande); 2a, ?holotype, 
Czech Republic (Barrande, 1850, pl. 4.15); 2b–d, 
isolated specimens, Dalarna, Sweden (Hutt, Rick-
ards, & Skevington, 1970, pl. 3,51–52,54, as 
Monograptus proteus); 2e, large specimen, Wales, 
UK, scale bar, 5 mm (Loydell, 1993, fig. 21,19). 

Fig. 13. Monograptinae (p. 17–20).
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CLADIA BEARING TAXA

The cladia-bearing Monograptinae have 
previously been included in the family 
Cyrtograptidae (see Averianow, 1929; 
Bouček, 1933). Yin (1937) defined the 
subfamily Cyrtograptinae as branched, 
suggesting the presence of cladia as the sole 
character to separate the taxon from the 
rest of the Monograptidae. Bulman (1955, 
1970) separated the Cyrtograptidae, with 
its two subfamilies Cyrtograptinae and 
Linograptinae, from the Monograptidae. 
It is now clear that the Cyrtograptidae is 
not as useful taxonomically as was origi-
nally intended and needs to be abandoned. 
Cladia appear independently in a number 
of monograptid lineages. The compilation 
of the cladia-bearing taxa here is for purely 
practical reasons and does not imply any 
phylogenetic relationship.

Cyrtograptus Carruthers, in Murchison, 1867, p. 
540, nom. correct. Lapworth, 1873 pro Cyrtograpsus 
Carruthers in Murchison, 1867; ICZN, Opinion 
650, 1963; non Cyrtograpsus Dana, 1851, p. 288 
(Decapoda) [*C. murchisoni; OD] [=Pleurograp-
toides Averianow, 1931, p. 21 (type, P. erectus, 
OD), syn. herein; =Averianowograptus Obut, 1949, 
p. 29 (type, Cyrtograptus magnificus Averianow, 
1931, p. 9, OD), syn. herein; =Damosiograptus 
Obut, 1950, p. 270 (type, Cyrtograptus spiralis 
Averianow, 1931, OD), syn. by Rickards, Hutt, 
& Berry, 1977, p. 76; =Uralograptus Koren’, 1962, 
p. 724 (type, U. insuetus Koren’, 1962, p. 724, 
OD), syn. by Bulman, 1970, p. 135; =Kurganak-
ograptus Golikov, 1969, p. 515 (type, K. primus, 
OD), syn. herein]. Dorsally curved, low helically 
spiralled or dorsally curved then straight tubarium 
bearing at least one thecal cladium; thecae of main 
stipe hooked throughout, often laterally expanded 
and spinose, or hooked proximally then with hooks 
retreating distally, becoming hooded initially and 
then simple tubes with lateral lappets flanking 
aperture; thecae of thecal cladia hooked, hooded, 
simple adnate or isolated tubes in some cases with 
lateral lappets flanking aperture; secondary and 
tertiary cladia may develop from cladial thecae. 
[The genus has been considered polyphyletic, 
e.g., Rickards, Hutt, and Berry (1977), and 
needs re-investigation]. Silurian, Llandovery (Tely-
chian, Cyrtograptus lapworthi Biozone)–Wenlock  
(Homerian, Cyrtograptus lundgreni Biozone): world-
wide.——Fig. 14,1a–c. *C. murchisoni, Builth 
District, Wales; 1a, counterpart of holotype, GSM 
10718; 1b, topotype, proximal end, GSM 10716; 
1c, topotype, proximal end with sicula, GSM 10716, 

scale bars, 5 mm, 1 mm in 1b (a–c, Zalasiewicz & 
Williams, 2008, Atlas 2.60).——Fig. 14,1d. C. 
insuetus (Koren’), holotype, scale bar, 5 mm (Rick-
ards, Hutt, & Berry, 1977, fig. 39).——Fig. 14,1e. 
C. magnificus (Averianow), holotype, scale bar, 5 
mm (Obut, 1950, fig. 6).

Barrandeograptus Bouček, 1933, p. 62, ex Mono-
graptus (Barrandeograptus) Bouček, 1933, p. 62; 
Münch, 1938, p. 53][*Cyrtograptus pulchellus 
Tullberg, 1883, p. 36; OD]. Slender tubarium, 
strongly dorsally and/or ventrally curved proxi-
mally, less strongly curved distally; up to at least 
three orders of thecal cladia may be developed; 
thecae slender and axially elongated; proximally 
appearing hooked; distal thecae triangular tubes 
typically with pronounced notch between dorsal 
wall and ventral wall of succeeding protheca; 
apertures of distal thecae may be furnished with 
lateral lappets. Silurian, Llandovery (Telychian, 
Oktavites spiralis Biozone)–Wenlock (Sheinwoodian, 
Monograptus riccartonensis Biozone): worldwide.——
Fig. 14,2a–c, d ?. *B. pulchellus (Tullberg); 2a, 
holotype, SGU 5684, complete specimen showing 
sicula, Röstånga, Scania, Sweden (Tullberg, 1883, 
pl. 3.12); 2b–c, MGUH (MMH) 13497, fragments 
showing distal thecal style (Bjerreskov, 1975, fig. 
27C–D); 2d, proximal theca tentatively referred 
to B. pulchellus, inverted SEM photo (Loydell & 
Nestor, 2006, fig. 13C). Scale bars, 1 mm; 0.2 
mm in 2d. 

Diversograptus Manck, 1923, p. 283 [*D. ramosus; 
SD Bulman, 1929, p. 176] [=Dibranchiograptus 
Hundt, 1949a, p. 19 (type, D. bibrachiatus, OD), 
syn. herein]. Narrow tubarium comprising main 
stipe and one sicular cladium with or (usually) 
without thecal cladia; stipes straight or gently 
curved; thecae hooked, with retroflexed aper-
tures flanked by small lateral lappets. Silurian, 
Llandovery  (Telychian, Oktavites spiralis Biozone–
Cyrtograptus lapworthi Biozone): Germany, UK 
(Wales, Scotland), Estonia, Latvia, Czech Republic, 
Turkey, Morocco.——Fig. 14,3a–c. *D. ramosus; 
3a, lectotype (selected by Bouček & Pribyl, 1953, 
p. 489), repository unknown, scale bar, 5 mm 
(reconstruction from Bulman, 1970, fig. 102,3a); 
3b, specimen showing bipolar growth, MGM 
146-S, Jabalón River section, central Spain, scale 
bar, 1 mm (Loydell & others, 2009, fig. 4J); 3c, 
stipe fragment, MGM 419-52, Aizpute-1 drill 
core, Latvia, scale bar, 1 mm (Loydell & Nestor, 
2006, fig. 11C).——Fig. 14,3d–e. D.? pergracilis 
(Bouček, 1931, p. 302), fragments showing thecal 
style, Ventspils D-3 drill core, 826.7 m, Latvia 
(Loydell & Nestor, 2006, fig. 12A–B). Scale bars, 
1 mm (d ); 0.1 mm (e). 

Paradiversograptus  Sennikov, 1976, p. 225, ex 
Monograptus (Paradiversograptus) Sennikov, 1976, 
p. 225; Loydell, 1993, p. 143 [*Rastrites capillaris 
Carruthers, 1867b, p. 368; OD]. Gently ventrally 
or dorso-ventrally curved tubarium; sicular 
cladium; metathecae simply hooked; no thecal 
overlap. Silurian, Llandovery (Aeronian, Lituigraptus 
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convolutus Biozone–Telychian, Spirograptus guerichi 
Biozone): worldwide.——Fig. 14,4a–b. *P. capil-
laris  (Carruthers);  4a,  holotype, NHMUK 
Q86, stipe fragments, Birkhill Shales, Moffat, 
Dumfriesshire, Scotland, UK (Strachan, 1969, 
fig. 6a); 4b, proximal end, BB 696, Tmaň, Czech 
Republic (Štorch, 1998b, fig. 8,3). Scale bars, 1 
mm.——Fig. 14,4c–d. P. runcinatus (Lapworth, 
1876d), Glenkiln Burn, Dumfriesshire, Scotland, 
UK; 4c, proximal end in relief; 4d, specimen with 
sicular cladium (Strachan, 1952, fig. 1B–C). Scale 
bars, 1 mm.

Sinodiversograptus  Mu & Chen, 1962, p. 147 
[*S. multibrachiatus; OD; =Streptograptus lien-
tanensis Mu, 1948, syn. by Loydell, 1990a, p. 
847]. Tubarium with sicular cladium and thecal 
cladia; sicula small; both main stipe and sicular 
cladium ventrally curved, with curvature decreasing 
distally; tubarium develops through three stages: 
monograptid, diversograptid (with sicular cladium), 
and sinodiversograptid (with thecal cladia); meta-
thecae hooked; gently ventrally curved cladia 
originate from almost all proximal and mesial 
thecae. Silurian, Llandovery (Telychian, Spirograptus 

Fig. 14. Monograptinae with cladia (p. 21–22).
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guerichi Biozone): Australia, Canada, China.——
Fig. 14,5a–c. S. lientanensis (Mu); 5a, holotype, 
specimen with sicular cladium, Lientan, Guandong 
Province, China, scale bar, 5 mm (Loydell, 1990a, 
fig. 2.5); 5b, small proximal end, Lientan, Guan-
dong Province, China, scale bar, 1 mm (Loydell, 
1990a, fig. 2.1); 5c. holotype of *S. multibrachiatus 
(Mu & Chen), mature specimen with numerous 
cladia, NIGP 11580a, Qiaoting, Nanjiang District, 
Sichuan Province, China, scale bar, 5 mm (Loydell, 
1990a, fig. 1). 

Subfamily PRISTIOGRAPTINAE 
Gürich, 1908

[nom. correct. Přibyl, 1946, p. 277, ex Unterfamilie Pristiograp-
tidi Gürich, 1908, p. 32] [=Heisograptinae Tsegelnjuk, 1976, 
p. 102; =Saetograptinae Urbanek, 1958, p. 50; =Uncinatograpti-
nae Tsegelnjuk, 1976, p. 96; =Wolynograptinae Tsegelnjuk, 

1976, p. 110; herein] 

Tubarium straight or gently dorsally or 
ventrally curved proximally; thecal length 
increasing along first few thecae, later 
constant in most taxa, but may increase in 
others; sicula of medium length with low 
metasicular origin of th1; thecae usually 
straight, with straight or nearly straight, 
outward-inclined ventral wall; rarely, prox-
imal thecae show isolation of metathecae; 
geniculum may be present; thecal aper-
ture straight, outward-inclined to hooked, 
or provided with lateral lobes or spines; 
thecal style may be modified considerably 
in derived taxa. Silurian, Llandovery (Rhud-
danian, Cystograptus vesiculosus Biozone)–
Lower Devonian (Emsian, Uncinatograptus 
yukonensis Biozone): worldwide.

The Pristiograptinae are difficult to 
define in the light of the numerous species 
included in the genus Pristiograptus and 
the independently derived lineages from 
this stem. Rickards, Hutt, and Berry 
(1977) provided an overview of the then 
identified taxa and their biostratigraphic 
ranges. Earliest taxa were considered close 
to Atavograptus by the authors. They differ-
entiated the Pristiograptus regularis (Lland-
overy) and Pristiograptus dubius (upper 
Llandovery Spirograptus turriculatus Biozone 
and upward) lineages as having only short 
biostratigraphical overlap during the upper 
Llandovery.

Tsegelnjuk (1976) erected a number 
of subfamilies that are here referred to the 

Pristiograptinae. Tsegelnjuk (1998, p. 271) 
especially discussed the Uncinatograptinae 
and their stratigraphical value in the upper 
Silurian. Due to the incomplete knowledge 
of many tubarium characters, these subfami-
lies are not differentiated herein, awaiting a 
detailed phylogenetic analysis based upon 
well-preserved material. The Pristiograptinae 
are considered to derive from an ancestor in 
the genus Atavograptus during the Rhudda-
nian, early Silurian (see Rickards, Hutt, & 
Berry, 1977; Štorch, 1988). Evolutionary 
investigations of this clade, however, are 
largely restricted to the Pristiograptus dubius 
lineage. Pristiograptus dubius is a particularly 
long-ranging taxon from which a number of 
derived taxa originated, leading to iterative 
speciation and the evolution of new groups 
of monograptids (Urbanek & others, 2012; 
Whittingham, Radzevičius, & Spiridonov, 
2020).

MORPHOLOGY

The morphology of early Pristiograptinae 
is fairly simple, with basically straight 
tubarium shapes and simple thecae having 
an angular, straight aperture, typically 
adorned only with a thickened rim (Fig. 
15.1–15.2). Dorsal curvature is present in 
Formosograptus, Slovinograptus, and Woly-
nograptus, associated with thecal elongation 
and isolation of metathecae. Distally, the 
thecae possess increasing overlap in these 
taxa. Ventral curvature may be present and 
affects the sicula and very few proximal 
thecae. Regular ventral curvature is typical 
for Pristiograptus paradoxus Loydell & 
Walasek, 2019 and Pristiograptus macrodon 
Štorch, 1992, both of which exhibit only 
slight dorso-ventral curvature. Further exam-
ples of this are Pseudomonoclimacis tetlitensis 
Lenz, 1988 and Monograptus banksi Rick-
ards & others, 1995.

The sicula is straight to somewhat curved 
ventrally and in many species bears a variable 
number of sicular annuli (Fig. 15.4). The 
number and position of the sicular annuli 
appears to have become stabilized during 
the uppermost Silurian in which most taxa 
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possessed three or fewer annuli (Urbanek, 
1997a).

The prosicula is small and slender and 
bears a small number of longitudinal rods 
(Fig. 15.6). The metasicula widens slowly, 
except in taxa with trumpetlike siculae such 
as Colonograptus deubeli (Jaeger, 1959) and 
a number of other taxa, including some 
early Devonian forms (see Jaeger, 1988). 
Apertural modifications of the sicula are rare, 
but dorsal lappets are present in a number of 
taxa (Fig. 15.4), and slight lateral lappets or 
lobes appear to be present in Uncinatograptus 
falcarius (Fig. 15.6) and probably in other 
related taxa.

The origin of th1 may be through a 
sinus and lacuna development in all Pris-
tiograptinae but has been verified from only a 
few taxa. It has been described in Pristiograptus 
frequens (Eisenack, 1942), Heisograptus micro-
poma (Maletz, 1999), Wolynograptus acer 
(Urbanek, 1997a), Formosograptus (Urbanek, 
1997a) and Skalograptus (Urbanek, 1997a). 

Lukasik and Melchin (1994) illustrated a 
possible primary porus in Pristiograptus sp. 
cf. Pristiograptus regularis from Arctic Canada. 
Walker (1953) described in great detail the 
early growth of th1 in Pristiograptus and 
Saetograptus from glacial boulders found in 
northern Germany. The specimens show a 
distinct unconformity in the early growth on 
the reverse side but not on the obverse side 
in Pristiograptus (Fig. 15.8) and to a lesser 
extent in Saetograptus (Fig. 15.5).

Many taxa have a gradient in the develop-
ment of thecal apertures, from low lateral 
lobes or spines to simple straight apertures 
distally. Geniculae are present in some taxa, 
rounded in Heisograptus but also angular as 
in Uncinatograptus. The details of the devel-
opment of thecal hoods in the Pristiograptinae 
are known from a number of taxa (Urbanek, 
1958, 1997a; Koren’, Kim, & Walliser, 
2007). Heisograptus has hoods formed from 
microfusellar material as secondary addi-
tions at the genicula (Fig. 15.3). In Unci-

Fig. 15. Morphology of Pristiograptinae. 1, Pristiograptus sp. cf. Pristiograptus regularis (Törnquist, 1899) (SEM 
photo inverted from Russel-Houston, 2001, pl. 12C); 2, Pristiograptus frequens (Jaekel, 1889), proximal end in 
obverse view showing thecal shape (Maletz, 1999, fig. 2R); 3, Heisograptus micropoma (Jaekel, 1889), development 
of microfusellar hoods (Urbanek, 1958, fig. 67); 4, Skalograptus lochkovensis (Přibyl, 1940a), proximal end (adapted 
from Urbanek, 1997a, fig. 49); 5, Saetograptus chimaera (Barrande, 1850), proximal end (adapted from Walker 
1953, fig. 4G); 6–7, Uncinatograptus falcarius (Koren’, 1969), showing sicular development and formation of dorsal 
hood (Koren’, Kim & Walliser, 2007, fig. 4R, pl. 1.9 ); 8, Pristiograptus dubius (Suess, 1851), juvenile in reverse 
view, showing prothecal unconformity (Walker, 1953, fig. 2B); 9–10, Uncinatograptus uncinatus (Tullberg, 1883), 

development of thecal hood (Urbanek, 1958, fig. 21). Scale bars, 1 mm; reconstructions, no scale.
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natograptus, apertural hoods are present at 
least on the proximal thecae but may be 
lacking in distal thecae. These hoods look 
similar to genicular developments but are 
true hoods formed as extensions of the dorsal 
thecal wall. In Uncinatograptus falcarius and 
related early Devonian taxa, the initial part 
of the thecal hood is reduced in width, but 
distally a considerable lateral extension is 
visible forming a spatulate process (Fig. 15.7) 
and not a thecal hood as in Uncinatograptus 
uncinatus (Fig. 15.9–15.10). The thecal hood, 
thus, does not cover the thecal aperture.

Colonograptus Přibyl, 1943, p. 2, ex Pristiograptus 
(Colonograptus) Přibyl, 1943, p. 2 [*Graptolithus 
colonus Barrande, 1850; OD] [=Ludensograptus 
Tsegelnjuk, 1978, p. 88 (type, Graptolithus 
Ludensis Murchison, 1839, OD), syn. herein] 
[=Conomograptus, misspelling in Přibyl, 1983, p. 
149]. Tubarium gently ventrally curved throughout 
or only proximally, being straight distally; sicula 
ventrally curved; biform thecae; proximal two 
or three thecae with ventrally projecting broad 
fusellar lappets; distal thecae simple tubes. Silurian, 
Wenlock (Homerian, Colonograptus praedeubeli/
deubeli Biozone)–Ludlow (Ludfordian, Saetograptus 
leintwardinensis Biozone): worldwide.——Fig. 
16,1a–b. *C. colonus (Barrande), lectotype, NMP 
L19771, Butovice-Nová-Ves, Czech Republic, 
Neodiversograptus nilssoni Biozone, proximal end 
and distal part of specimen preserved in relief, scale 
bars, 1 mm (new; drawing by Štorch, & Strossova, 
2021). 

Dulebograptus Tsegelnjuk, 1976, p. 98 [*D. bresticus 
Tsegelnjuk, 1976, p. 98; OD]. Tubarium straight 
or ventrally curved proximally and straight distally; 
proximal one to three thecae with complete fusellar 
hoods formed of dorsal walls of thecae; succeeding 
thecae have apertures with symmetrical lateral 
lobes which retreat distally; distal thecae becoming 
simple with straight margins, similar to those in 
Pristiograptus. Silurian, Pridoli (Skalograptus lochk-
ovensis Biozone): Ukraine, Belarus, Poland.——Fig. 
16,2a–c. D. trimorphus Tsegelnjuk, 1976; 2a, 
specimen in ventral view; 2b, sicula with first bud, 
showing presence of sicular annuli; 2c, fragment 
showing style of thecal apertures (Urbanek, 1997a, 
pl. 14.A; text-fig. 42). Scale bars, 1 mm.

Formosograptus Bouček, Mihajlovic, & Vaselinovic, 
1976, p. 84 [*Monograptus formosus Bouček, 1931, 
p. 300; OD] [=Tamplograptus Tsegelnjuk, 1976, 
p. 114 (type, Monograptus ( ?Spirograptus) convexus 
Přibyl, 1940a, p. 73; OD), syn. by Přibyl, 1983, 
p. 150]. Dorsally curved tubarium; sicula straight 
or very gently ventrally curved, with dorsal process; 
proximal thecae non-overlapping, subtriangular 
with distinctly isolated apertural part; distal thecae 
overlap for approximately half their length with 

metathecae that are more adnate; thecal aperture 
overhung by laterally expanded lobe, with semitu-
bular lateral processes terminating in auriculum. 
Silurian, Ludlow (Ludfordian, Pseudomonoclimacis 
latilobus Biozone)–Pridoli (Neocolonograptus ultimus 
Biozone): worldwide.——Fig. 16,3a–c. *F. formosus 
(Bouček), Mielnik drill core, Poland;  3a, prox-
imal end showing shape of tubarium (adapted 
from Urbanek, 1997a, fig. 19B); 3b–c, distal frag-
ment showing increase of thecal overlap (Urbanek, 
1997a, fig. 21). Scale bars, 1 mm.

Heisograptus Tsegelnjuk, 1976, p. 103 [*Pomatograptus 
micropoma Jaekel, 1889, p. 682; OD]. Tubarium 
straight or nearly so; sicula ventrally curved, with 
dorsal tongue; thecae with sharp geniculae and 
supragenicular walls that are parallel to tubarium 
axis; apertural excavations semi-circular or semi-
elliptical; aperture may be overhung by hood of 
microfusellar tissue. Silurian, Ludlow (Gorstian, 
Neodiversograptus nilssoni Biozone–Lobograptus 
scanicus Biozone): worldwide.——Fig. 16,4a–d. 
*H. micropoma (Jaekel); 4a, lectotype (selected 
by Jaeger, 1959, pl. 6,7 ), MB.G 470d, glacial 
boulder, Zölling bei Neusalz an der Oder, now 
Nowa Sól, Poland (Wilkinson, 2018a, Atlas 3.52); 
4b–c, juveniles in reverse (4b) and obverse (4c) 
views, showing presence of sicular annuli (Maletz, 
1999, fig. 2C,E); 4d, specimen showing apertural 
hoods (Jaeger, 1959, fig. 20D). Scale bars, 1 mm.

Neomonograptus Mu & Ni, 1975, p. 18 [*N. hima-
layensis; OD; =Monograptus atopus Bouček, 1966, 
syn. by Jaeger 1983, p. 250]. Tubarium straight 
throughout or with dorsal curvature proximally; 
first theca robust and strongly hooked, concealing 
aperture; subsequent thecae with dorsal hoods 
above semi-circular or semi-elliptical apertures, 
these becoming much less pronounced in mesial 
and distal thecae; thecae are strongly geniculate 
throughout. Lower Devonian (Lochkovian, Unci-
natograptus uniformis Biozone)–Emsian, Unci-
natograptus yukonensis Biozone): worldwide.——
Fig. 16,5a–b. N. atopus (Bouček), holotype, 
proximal end (5a) and distal thecae (5b), scale 
bars, 1 mm (Bouček, 1966, fig. 1C); 5c, holotype of 
*N. himalayensis, scale bar, 1 mm (Chen & others, 
2021, fig. 5F). 

Pristiograptus Jaekel, 1889, p. 667 [*P. frequens; 
OD]. Tubarium straight or gently dorsally or 
ventrally curved; thecal length increasing over 
first few thecae, later constant; sicula of medium 
length with low origin of th1; thecae straight, 
cylindrical, with straight or nearly straight ventral 
wall; thecal aperture without any supplementary 
structures except thickened apertural rim. Silurian, 
Llandovery (Rhuddanian, Cystograptus vesiculosus 
Biozone)–Pridoli (Skalograptus perneri Biozone): 
worldwide.——Fig. 16,8a–d. *P. frequens (Jaekel); 
8a, neotype, MB.G 458.3.1, selected by Štorch, 
Manda, & Loydell, 2014, p. 1016 (Jaeger, 1991, 
fig. 26.9); 8b–d, P. dubius (Suess, 1851), isolated 
specimens, glacial boulder, note the lack of sicular 
annuli (Maletz, 1999, fig. 2Q-S). Scale bars, 1 mm.
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Proteograptus Lenz, Senior, Kozłowska, & Melchin, 
2012, p. 26 [*Monograptus opimus Lenz & Melchin, 
1991, p. 230; OD]. Gently ventrally curved 
tubarium that widens rapidly proximally; sicula 
straight with dorsal tongue; thecae appear hooked 
in profile view, but this hook is formed from paired 
lateral lappets that may fuse centrally, particularly 
in proximal part of tubarium to produce a pseu-
dohood, the dorsal side of which has a consis-
tently present laterally ovate opening onto the 
protheca. Silurian, Wenlock (Sheinwoodian, Prote-
ograptus opimus–Cyrtograptus perneri Biozone): 
Arctic Canada.——Fig. 16,6a–d. *P. opimus (Lenz 
& Melchin), GSC 134694, Cape Phillips, Arctic 
Canada; 6a–b, reverse (6a) and ventral (6b) views 
of colony showing thecal style, (Lenz & others, 
2012, pl. 12,1–2); 6c, change in thecal style over 
first four thecae (Lenz & others, 2012, pl. 12,3); 
6d, development of distal thecae (Lenz & others, 
2012, pl. 12.6 ). Scale bars, 1 mm.

Pseudomonoclimacis Mikhailova, 1975, p. 156 [*P. 
elegans; OD]. Tubarium gently ventrally curved 
proximally and mesially, straight distally; sicula 
ventrally curved, with dorsal process; thecae moder-
ately to strongly geniculate, generating a thecal 
excavation. Silurian, Ludlow (Gorstian, Lobograptus 
progenitor Biozone)–Pridoli (Skalograptus perneri 
Biozone): worldwide.——Fig. 16,7a. *P. elegans, 
CNIGR 20/10290, holotype, scale bar, 1 mm 
(Mikhailova, 1975, pl. 38,3).——Fig. 16,7b. P. 
dalejensis (Bouček, 1936), specimen showing curva-
ture of sicula, Všeradice section, Prague syncline, 
Czech Republic, scale bar, 1 mm (Štorch, Manda, & 
Loydell, 2014, fig. 6F).——Fig. 16,7c–e. P. antiqua 
Štorch, Manda, & Loydell, 2014; 7c, slender 
specimen, Všeradice section, Prague syncline, 
Czech Republic (Štorch, Manda, & Loydell, 2014, 
fig. 6Q); 7d–e. juvenile specimens in reverse (7d ) 
and obverse (7e) view, glacial boulder, Bramsche, 
northern Germany (Maletz, 1999, fig. 2M–N; 
identified as Heisograptus sp.). Scale bars, 1 mm.

Saetograptus Přibyl, 1943, p. 11 [*Graptolithus 
chimaera, Barrande, 1850, p. 52; OD]. Straight 
or dorsally curved tubarium; sicula with vari-
ably developed dorsal apertural tongue; tubular 
thecae terminated by paired apertural spines devel-
oped on all or only proximal thecae; aperture of 
first theca has broad, triangular, spine like lateral 
lappets; other thecal apertures have ventral notch 
and laterally to dorso-laterally situated spines 
separated by trough from ventral wall of next 
theca. Silurian, Ludlow (Gorstian, Neodiversograptus 
nilssoni Biozone–Ludfordian, Saetograptus leintwar-
dinensis Biozone): worldwide.——Fig. 16,10a–b. 
*S. chimaera (Barrande); 10a, holotype, NMP 
L19973 (new; drawing by P. Štorch, 2021); 10b, 
chemically isolated specimen (Přibyl, 1943, fig. 1, 
redrawn from original illustration in Münch, 1938, 
pl. 5,1a). Scale bars, 1 mm.

Skalograptus Tsegelnjuk, 1976, p. 100 [*Skalograptus 
vetus; OD; =Monograptus ultimus Perner, 1899; 
Kříž & others, 1986, p. 322; Koren’ & Sujarkova 
1997, p. 87] [=Istrograptus Tsegelnjuk, 1988, p. 

85 (type species not selected; illustrated as Is(tr)-
ograptus transgrediens (Perner, 1899) and Istro-
graptus ultimus (Perner, 1899); =Neocolonograptus 
Urbanek, 1997a, p. 165 (type, Monograptus lochk-
ovensis Přibyl, 1940a, Urbanek 1997a, p. 128, table 
1, OD), syn. herein].Tubarium gently ventrally 
curved, gently dorso-ventrally curved or straight; 
sicula moderately to strongly ventrally curved; 
thecae with bilobate apertural elaborations, ranging 
from gentle undulations to strong lappets oriented 
antero-laterally; apertures of distal thecae may 
lack these elaborations; ventral walls of thecae 
sigmoidal or straight. Silurian, Pridoli (Skalograptus 
parultimus Biozone–Skalograptus transgrediens 
Biozone): worldwide.——Fig. 16,9a–b. S. ultimus 
(Perner); 9a, lectotype (selected by Přibyl, 1948, 
p. 77) Praha-Dvorce (formerly Dworetz), Czech 
Republic (Perner, 1899, fig. 14a); 9b, chemically 
isolated specimen, Kosov Quarry, Czech Republic, 
Skalograptus ultimus Biozone, ~4 m above base of 
Pridoli (adapted from Kříž & others, 1986, fig. 
36a). Scale bars, 1 mm. 

Slovinograptus Urbanek, 1997a, p. 129 [*Monograptus 
balticus Teller, 1966, p. 556; OD; Urbanek, 
1997a, p. 128; =Monograptus kallimorphus Kraatz, 
1958, p. 48, syn. by Jaeger 1978, p. 514]. Tubarium 
slender and dorsally curved proximally, straight 
distally; sicula ventrally curved; thecal apertures 
provided with globose hoods, adnate to the ventral 
wall; substantial thecal overlap, especially distally. 
Silurian, Ludlow (Ludfordian, Pseudomonoclimacis 
latilobus/Slovinograptus balticus Biozone)–Lower 
Devonian (Lochkovian, Uncinatograptus uniformis 
Biozone): worldwide.——Fig. 16,11a–e. S. kalli-
morphus (Kraatz); 11a, holotype of *Monograptus 
balticus (Koren’ & Suyarkova, 1997, fig. 9G); 11b–d, 
S. kallimorphus (Kraatz); 11b, CGM 26/12879, 
Peshkaut Valley, southern Tien Shan (Koren’ & 
Suyarkova, 1997, fig. 9A); 11c, proximal end, KR 
58d, Mollenberg, Harz Mountains, Germany (new); 
11d, distal fragment, KR 58A, Mollenberg, Harz 
Mountains (new). Scale bars, 1 mm.

Un c i n a t o g r a p t u s  T s e g e l n j u k ,  1 9 7 6 ,  p .  9 6 
[*Monograptus uncinatus Tullberg, 1883, p. 30; 
OD] [=Tirassograptus Tsegelnjuk, 1976, p. 119 
(type, Monograptus (Pomatograptus) uncinatus 
var. uniformis Přibyl, 1940a, p. 71; OD), syn. 
herein; =Metamonograptus Wang, 1977, p. 198 
(type Monograptus (Metamonograptus) qinzhouensis 
Wang, 1977, p. 198; OD), syn. herein]. Tubarium 
straight or dorsally curved proximally and mesi-
ally, becoming straight distally; sicula straight or 
ventrally curved, aperture flaring with or without 
distal curving lappet; thecae with dorsal hoods, 
often best developed in proximal thecae but 
present throughout the tubarium; ventrolateral 
margin of aperture may be lobate and also spinose; 
thecal overlap increases distally. Silurian, Ludlow 
(Gorstian, Neodiversograptus nilssoni Biozone)–
Lower Devonian (Pragian, Uncinatograptus yuko-
nensis Biozone): worldwide.——Fig. 16,12a–c. 
*U. uncinatus (Tullberg); 12a, lectotype, selected 
by Přibyl, 1948, p. 35 (Tullberg, 1883, pl. 1,25; 
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Fig. 16. Pristiograptinae (p. 25–28).
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?LO collection, specimen not identified); 12b–c, 
proximal end in lateral (3b) and ventral (3c) views 
(Urbanek, 1958, pl. 1,3a–3b). Scale bars, 1 mm. 

Wandograptus Rickards & Jell, 2002, p. 118 [*W. 
wandovalensis; OD]. Pristograptus-like tubarium 
but with more frequent and irregular curvature 
and development of thecal cladia. [The taxonomic 
position of the genus is uncertain. Rickards and 
Jell (2002) described it as related to Pristiograptus, 
but bearing cladia. The proximal end and thecae 
are very similar to those of early Pristiograptus 
and Atavograptus.] Silurian, Llandovery (Telychian, 
Spirograptus turriculatus Biozone–Streptograptus 
crispus Biozone): Australia (Queensland).——Fig. 
16,14a–b. *W. wandovalensis, fragments from the 
holotype slab, UQ 35968, Queensland, Australia;  
(Rickards & Jell, 2002, fig. 4I–J, L–M). Scale bars, 
1 mm. 

Wolynograptus Tsegelnjuk, 1976, p. 110 [*W. vallecu-
losus; OD) [=Acanthograptus Tsegelnjuk, 1976, p. 
113 (type A. spineus; OD), syn. by Přibyl, 1983, 
p. 150, homonym of Acanthograptus Spencer, 1878 
[Dendroidea]); =Bugograptus Tsegelnjuk, 1998, p. 
272 (type, A. spineus Tsegelnjuk, 1976, OD), syn. 
herein]. Tubarium dorsally curved proximally and 
mesially, becoming straight distally; sicula straight 
or ventrally curved, bearing two annuli; thecae with 
extensive dorsal hoods; anterolateral margin of aper-
ture may be lobate and also spinose; thecal overlap 
increases distally. Silurian, Ludlow (Gorstian, Neodi-
versograptus nilssoni Biozone–Ludfordian, Woly-
nograptus spineus Biozone): worldwide.——Fig. 
16,13a. W. aculeatus Tsegelnjuk, 1976, proximal 
end, scale bar, 1 mm (Koren’ & Suyarkova, 1997, 
fig. 8A).——Fig. 16,13b–c. W. spineus Tsegelnjuk, 
1976; 13b, proximal end (Koren’ & Suyarkova, 
1997, fig. 14H); 13c, proximal end (Urbanek, 
1995, fig. 1D). Scale bars, 1 mm.

Subfamily LINOGRAPTINAE  
Obut, 1957

[Subfamily Linograptinae Obut, 1957, p. 18; nom. transl. 
Teller, 1962, p. 153, ex Linograptidae Obut, 1957, p. 18] 
[=Cucullograptinae Urbanek, 1958, p. 62; herein; =Neocucul-
lograptinae Urbanek, 1970, p. 265; herein; =Neolobograptinae 

Tsegelnjuk, 1976, p. 120; herein]

Variably straight to usually ventrally curved, 
slender to distally widening monograptids; 
thecal overlap from very low to extremely 
high; thecal apertures may be elaborated 
with paired lateral lobes, commonly with 
asymmetrical development; sicula slender to 
aperturally widening (trumpet-shaped), with 
variable number of annuli. Silurian, Wenlock  
(Homerian, Colonograptus ludensis Biozone)–
Lower Devonian (Lochkovian, Uncinatograptus 
hercynicus Biozone): worldwide. 

A number of small subfamilies have been 
erected for late Wenlock (Homerian) and 
Ludlow (Gorstian to Ludfordian) monograp-
tids. Small-scale modifications of their thecae 
have been used to describe the evolutionary 
transformation of the species. Urbanek 
(1970, pl. 8) suggested a close phylogenetic 
relationship between the various groups. 
Urbanek (1958) did not provide a diagnosis 
of the Cucullograptinae and his description 
of the various species is based largely on 
small fragments. Urbanek (1966) discussed 
and described a number of additional 
species of the clade and suggested common 
roots with the Linograptinae and the ‘Pris-
tiograptus’ bohemicus group (Urbanek, 1966, 
pl. 8). Whittingham, Radzevičius, and 
Spiridonov (2020) supported these relation-
ships when they discussed iterative evolution 
during the late Silurian graptolite faunas and 
indicated a possible sister-group relationship 
between the Colonograptus and Lobograptus 
clades, based on stratocladistics.

MORPHOLOGY

Most  o f  the  t axa  inc luded  in  the 
Linograptinae, as used herein, are character-
ized by a ventrally curved to straight tubarium 
with thecae having low inclination and often 
distally increasing thecal overlap. The sicula 
is small in most taxa and bears a variable 
number of sicular annuli. An elongated sicula 
is present in the genus Urbanekia. Cladial 
branching is present in a few taxa forming 
very large colonies.

The thecal apertures vary from simple 
(Fig. 17.3) to complex, often including a 
considerable asymmetry of the two lateral 
lobes (Fig. 17.12–17.17), but lacking torsion 
of the metathecae. The complex thecal aper-
tures are formed either from normal fusellar 
development (Fig. 17.12–17.13) or from 
microfusellar additions (Fig. 17.16–17.17). 
The simple thecal apertures have a straight 
aperture, inclined to the ventral side of the 
tubarium. Lateral lobes are barely recogniz-
able in some taxa (Fig. 17.6–17.8) but may 
be quite extensive in others. They may have 
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strong lateral extensions and may be curved 
or coiled.

Bohemograptus cornutus (Urbanek, 1970) 
shows an extreme development of lateral 
additions in the form of paired spatulate 
extensions formed from fusellar material 
(Fig. 17.2), and membranes with an internal 
branching system of rods have been docu-
mented in Bohemograptus papilio Kozłowska 
& Urbanek, 2013 (Fig. 17.1). A characteristic 
virgellarium ending with four finger-like 
extensions can be found in Linograptus and 
probably in Abiesgraptus (Urbanek, 1997b).

Taxa with cladial branching (Urbanek, 
1997b) may possess a sicular cladium to form 
a bipolar tubarium as in Neodiversograptus 
or thecal cladia as in Lenzograptus. More 
complex tubaria are present in Linograptus, in 

which the sicula may form numerous sicular 
cladia but no thecal cladia. Abiesgraptus bears 
three sicular cladia and additional thecal 
cladia along the initial stipe and the first 
sicular cladium (Jaeger, 1959; Urbanek, 
1997b).
Bohemograptus Přibyl, 1967a, p. 134 [*Graptolithus 

bohemicus Barrande, 1850, p. 40; OD] [=Fter-
ograptus Tsegelnjuk, 1976, p. 131 (type, F. torsivus, 
OD), syn. by Loydell, herein]. Tubarium ventrally 
curved; thecae tubular, with straight or gently 
elevated lateral apertural margins, either devoid of 
or provided with microfusellar additions forming 
broadly lobate, annular or tape-like apertural struc-
tures. Silurian, Wenlock (Homerian, Colonograptus 
ludensis Biozone)–Ludlow (Ludfordian, Neocucul-
lograptus kozlowskii Biozone): worldwide.——Fig. 
18,1a–c. *B. bohemicus (Barrande, 1850); 1a–b, 
NMP L17762, lectotype (Přibyl, 1948, p. 68) and 
associated specimen with sicula (Štorch, 2000c, 
Atlas 1.9); 1c, proximal end with sicular annuli, 

Fig. 17. Thecal morphology of the Linograptinae. 1, Bohemograptus papilio Kozłowska & Urbanek, 2013, recon-
struction showing patagia (Kozłowska & Urbanek, 2013, fig. 5); 2, Bohemograptus cornutus Urbanek, 1970 with 
partly preserved lateral apertural processes (Urbanek, 1970, pl. 25); 3, 8, Lobograptus progenitor Urbanek, 1966, 
proximal end (3) and thecal style (8) (Urbanek, 1966, pl. 14A); 4, 14–15, Lobograptus cirrifer Urbanek, 1966, 
proximal end (4 ) and thecal style (14–15 ) (Urbanek, 1966, pl. 34); 5, Neocucullograptus kozlowskii Urbanek, 
1970, proximal end (5) and thecal style (16–17 ) (Urbanek, 1970, pl. 38); 6–7, Linograptus posthumus (Richter, 
1875), thecal style in ventral (6 ) and lateral (7 ) views (Urbanek, 1963, pl. 9); 9–11, Lobograptus simplex Urbanek, 
1960, thecal style (Urbanek, 1966, pl. 16); 12–13, Lobograptus scanicus (Tullberg, 1883), thecal style (Urbanek, 
1966, pl. 27). All illustrations are modified from the original illustrations. Scale bars, 0.1 mm; except 1–5, 1 mm.
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Mielnik drill core, 957.90 m, Poland (Urbanek, 
1970, fig. 10B). Scale bars, 1 mm.

Crinitograptus Rickards, 1995, p. 1107 [*Monograptus 
crinitus  Wood , 1900, p. 480; OD]. Slender 
tubarium, straight or irregularly flexed; short sicula 
with annuli; simple tubular thecae, parallel to or 
inclined to tubarium axis at less than 10°; thecae 
increasing in lateral width toward aperture; only 
slight thecal overlap; thecal aperture simple, with 
overhanging hood formed by extension of dorsal 
wall of theca. Silurian, Ludlow (Gorstian, Neodiver-
sograptus nilssoni Biozone)–Pridoli (Neocolonograptus 
parultimus Biozone): UK, Germany (erratics), 
Bulgaria, Arctic Canada, Australia, Russia.——Fig. 
18,2a–c. *C. crinitus (Wood), Long Mountain, 
Shropshire, UK; 2a, BU 1615, part of holotype 
(Rickards, 1995, fig. 4.1); 2b, BU 1618, syntype, 
proximal end showing sicular annuli (Rickards, 
1995, fig. 1). 2c, BU 1616, bipolar fragment (Rick-
ards, 1995, fig. 4,3). Scale bars, 1 mm. 

Cucullograptus Urbanek, 1954, p. 291 [*C. pazdroi; 
OD]. Narrow, straight, or gently ventrally curved 
tubarium; small sicula; first theca originates via a 
primary porus; thecae long, with elongate protheca 
and short metatheca; thecal aperture slit-like, with 
complex auriculate lateral apertural lobes, with 
increasing asymmetry distally; the left apertural 
lobe overlaps right lobe, restricting thecal aperture. 
Silurian, Ludlow (Gorstian, Lobograptus parascanicus 
Biozone–Ludfordian, Cucullograptus rostratus/lower 
Bohemograptus tenuis Biozone): Poland, Czech 
Republic, Germany, China (Yunnan).——Fig. 
18,3a–c. *C. pazdroi; 3a–c, three different views of 
holotype, glacial boulder, Gdansk-Wrzeszcz, Poland 
(Urbanek, 1954, fig. 2). Scale bars, 1 mm.

Egregiograptus Rickards & Wright, 1997b, p. 
222 [*‘Monograptus’ egregius Urbanek, 1970, p. 
367; OD]. Tubarium strongly ventrally curved, 
almost circular; short sicula (usually less than 1.5 
mm long); thecae adnate, tubular; proximal thecae 
extremely elongated and inclined at a very low angle 
to the tubarium axis; distal thecae with consid-
erable overlap; thecal apertures straight or with 
paired lateral lobes. Silurian, Ludlow (Gorstian, 
Lobograptus scanicus Biozone–Ludfordian, Saeto-
graptus chimaera–Neocucullograptus kozlowskii 
Biozone): Poland, Czech Republic, Kyrgyzstan, 
Canada (Yukon), Australia.——Fig. 18,4a–c. *E. 
egregius; 4a, holotype (Urbanek, 1970, pl. 43D1); 
4b, proximal end showing sicular annuli (Urbanek, 
1970, p. 42A); 4c, proximal end, th1 reconstructed 
(Urbanek, 1970, pl. 42F). Scale bars, 1 mm.——
Fig. 18,4d. E. dimitrii (Koren’ & Suyarkova, 
2004), CNIGR 13107/63, holotype, Tien Shan, 
Kyrgyzstan, scale bar, 1 mm.

Enigmagraptus Rickards & Wright, 2004, p. 192 
[*Neocucullograptus? yassensis Rickards & Wright, 
1999a, p. 200; OD]. Very slender tubarium (up to 
0.25 mm wide), straight or irregularly flexed; small 
sicula with virgella and dorsal apertural process; 
axially elongate prothecae usually developed from 
threadlike origin; metatheca up to half tubarium 
width comprising hood derived by retroversion of 

the dorsal metathecal wall, and variously enrolled 
ventrally to enclose simple ventral thecal margin. 
Silurian (Pridoli, Neocolonograptus parultimus 
Biozone): Australia (New South Wales).——Fig. 
18,5a–b. *E. yassensis; 5a, AMF 92343, holotype, 
proximal end; 5b, AMF 92346, stipe fragment 
(Rickards & Wright, 2004, fig. 4B–C). Scale bars, 
1 mm. 

Korenea Rickards, Packham, Wright, & Williamson, 
1995, p. 54 [*K. sherwini; OD]. Tubarium ventrally 
curved, hook-shaped; sicula small; uniform overlap-
ping tubular thecae with strongly developed paired 
symmetrical lateral apertural lappets resembling 
retroverted hooks in profile. Silurian (Ludlow): 
Australia.——Fig. 18,6a–b. *K. sherwini, New 
South Wales, Australia; 6a, holotype, AMF 89624 
(Rickards & others, 1995, fig. 33B); 6b, thecal 
detail (Rickards & others, 1995, fig. 38E). Scale 
bars, 1 mm.

Lobograptus Urbanek, 1958, p. 12 [*Monograptus 
scanicus Tullberg, 1883, p. 26; OD] [=Falca-
tograptus Hundt, 1965, p. 48 (type F. rarus, M), 
syn. herein]. Narrow, straight, dorso-ventrally or 
gently ventrally curved tubarium, widening distally; 
thecae long, with elongate protheca and increasing 
distal overlap; thecal aperture with asymmetrical 
or symmetrical lateral lobes that may curve over 
central part of aperture. Silurian, Wenlock (Home-
rian, Colonograptus praedeubeli Biozone)–Ludlow 
(Ludfordian, Saetograptus leintwardinensis Biozone): 
worldwide.——Fig. 18,7a–b. *L. scanicus (Tull-
berg), 7a, syntype, specimen not identified (Tull-
berg, 1883, pl. 2.42); 7b, proximal end (Urbanek, 
1966, fig. 11). Scale bars, 1 mm. 

Neocucullograptus Urbanek, 1970, p. 329 [*N. 
kozlowskii; OD]. Tubarium strongly ventrally 
curved proximally, less strongly curved or nearly 
straight distally; sicula with dorsal apertural process 
and late astogenetic paired symmetrical lobes 
of microfusellar tissue situated on reverse and 
obverse apertural margins; first theca originates via 
a primary porus; complex metathecae, consisting 
of smaller right and larger left lobe, sometimes 
provided with gular, rostral, and lateral processes. 
Silurian, Ludlow (Ludfordian, Neocucullograptus 
inexpectatus Biozone–Neocucullograptus kozlowskii 
Biozone): Poland, Czech Republic, Kyrgyzstan, 
Kazakhstan.——Fig. 18,8a–d. N. kozlowskii, 
Mielnik drill core, Poland; 8a–b, holotype in lateral 
(8a) and ventral (8b) views (Urbanek, 1970, fig. 
20A); 8c, distal theca (Urbanek, 1970, pl. 38A); 
8d, reconstruction (Urbanek, 1970, pl. 7C). Scale 
bars, 1 mm.

Neolobograptus Urbanek, 1970, p. 321 [*N. auricu-
latus; OD]. Ventrally curved tubarium; straight 
sicula with prominent dorsal process; thecae slender 
and elongate; thecal apertures with lateral eleva-
tions and dorso-lateral incisions. Silurian, Ludlow 
(Ludfordian, Saetograptus leintwardinensis Biozone–
Neocucullograptus inexpectatus Biozone): Poland, 
Kyrgyzstan.——Fig. 18,9a–b. *N. auriculatus, 
Mielnik drill core, Poland; 9a, holotype, sicula with 
incomplete first theca (Urbanek, 1970, pl. 29B); 9b, 
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reconstruction (Rickards & Wright, 1999b, fig. 3F, 
based on Urbanek, 1970, pl. 7A). Scale bars, 1 mm.

Polonograptus Tsegelnjuk, 1976, p. 124 [*P. podo-
liensis Přibyl, 1983, p. 158; SD ICZN 2003; 
Riva, Koren’, & Rickards (2001) applied to 
the ICZN to change the type species  from 
Monograptus butovicensis Bouček, 1936 to Polo-
nograptus podoliensis, approved as Opinion 2023 
(ICZN, 2003)]. Tubarium ventrally curved with 
proximally accentuated curvature; sicula small 
and straight; thecae subsequent to the short first 

theca exhibit considerable elongation and overlap; 
all thecae are simple tubes; apertures have lateral 
elevations. Silurian, Ludlow (Ludfordian, Neocucul-
lograptus inexpectatus Biozone–Neocucullograptus 
kozlowskii Biozone): Czech Republic, Austria, 
Australia, Kyrgyzstan.——Fig. 18,10. *P. podoli-
ensis, CNIGR 13107/104, southern Tien Shan, 
Kyrgyzstan (Koren’ & Sujarkova, 2004, fig. 28B). 
Scale bar, 1 mm.

Urbanekia Rickards & Wright, 1999b, p. 319  
[*‘Monograptus’ proegregius Urbanek, 1970, p. 364; 

Fig. 18. Linograptinae (p. 29–31).
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OD]. Tubarium known from fragments only, but 
appears narrow (less than 0.3 mm) and ventrally 
curved; sicula elongated (more than 3 mm long) 
and ventrally curved; sicular aperture lacks dorsal 
process; thecae very long (at least 7 mm), narrow 
and tubular, with ventral walls subparallel to the 
tubarium axis; thecal apertures simple, perpen-
dicular to thecal axis and with slight lateral eleva-
tions. Silurian, Ludlow (Gorstian, Lobograptus 
parascanicus Biozone): Poland.——Fig. 18,11a–b. 
*U. proegregius (Urbanek); 11a, paratype, sicula 
with part of first theca (Urbanek, 1970, pl. 41.C ); 
11b, reconstruction (Rickards & Wright, 1999b, 
fig. 2L). Scale bar, 1 mm.

CLADIA-BEARING LINOGRAPTINAE

Urbanek (1997b) discussed in some 
detail the evolution of the cladia-bearing 
linograptines from the genus Lobograptus 
(probably Lobograptus sherrardae) through 
the bipolar Neodiversograptus and, thus, 
indicated the independent origin of cladia-
bearing taxa from older cladia-bearing forms 
during the early Silurian. Urbanek (1963, 
1997b) included only three genera, Neodi-
versograptus, Linograptus, and Abiesgraptus, in 
his subfamily Linograptinae and suggested 
that they represent an instance of a single 
line of descent forming sequential chro-
nospecies. The relationship to the genus 
Lenzograptus remains uncertain. Thus, the 
cladia-bearing taxa, separated here from the 
other taxa for practical reasons, might not 
form a phylogenetically definable clade.
Abiesgraptus Hundt, 1935, p. 3 [*A. multiramosus; 

SD Bulman, 1938, p. 84] [=Didymograptoides 
Hundt, 1953, p. 40 (type, D. liebei, M), syn. 
herein; =Gangliograptus Hundt, 1939, p. 119 (type, 
G. hoppeianus, SD Müller, 1969, p. 919), syn. 
herein]. Tubarium complex, comprising the main 
stipe and three sicular cladia; the main stipe and 
central sicular cladium bear paired thecal cladia; 
thecae simple, without apertural modifications. 
Lower Devonian (Lochkovian, Uncinatograptus 
uniformis Biozone–Pragian, Uncinatograptus fanicus 
Biozone): worldwide.——Fig. 19,1a–b. *A. multi-
ramosus Hundt, 1a, lectotype, selected by Müller, 
1965, p. 5, BAF 73/H4151, Ramstal bei Creunitz, 
Thuringia, Germany (Müller, 1965, fig. 1); 1b, 
reconstruction, scale bars, 10 mm (Jaeger, 1959, 
fig. 25). 

Lenzograptus Loydell, 2021, p. 205 [*Lenzia lenzi 
Rickards & Wright, 1999b, p. 319; OD] [pro 
Lenzia Rickards & Wright, 1999b; homonym of 
Lenzia Perry, Boucot, & Gabrielse 1981 (Devo-
nian brachiopod)]. Cladia-bearing linograptid, 
with tubarium largely ventrally curved but twisting 

around its axis; thecae simple or with slight lateral 
apertural lobes, generating cladia every one or 
two thecae, directed to the dorsal side of main 
stipe. Silurian (Ludlow): Canada (Yukon).——Fig. 
19,2. *L. lenzi, holotype, UWO 2664, Richardson 
Mountains, Yukon, Canada, scale bar, 5 mm (Lenz, 
1984, fig. 1a). 

Linograptus Frech, 1897, p. 662 [*Dicranograptus 
posthumus Richter, 1875, p. 267; OD; =Linograptus 
nilssoni Frech, 1897, p. 662; Jaeger, 1959, p. 143] 
[=Thuringiograptus Hundt, 1939, p. 121 (type, T. 
voigtii, M), syn. herein]. Tubarium with narrow 
stipes comprising main stipe and, late in astogeny, 
several sicular cladia; main stipe and sicular cladia 
may be straight or more usually gently ventrally 
curved; virgella with virgellarium, a terminal four-
pronged membranous structure; sicula with a long 
dorsal apertural spine which forms secondary nema 
for first sicular cladium; further cladia develop 
from reverse and obverse margins of the sicula; first 
theca of main stipe originates close to boundary 
of prosicula and metasicula; thecae simple tubes, 
apertures with lateral elevations which are more 
pronounced in distal thecae, which may be some-
what introverted. Silurian, Ludlow (Ludfordian, 
Bohemograptus tenuis Biozone)–Lower Devonian 
(Lochkovian, Uncinatograptus hercynicus Biozone): 
worldwide.——Fig. 19,3a–c. *L. posthumus; 3a, 
lectotype, BGR 10370 (Richter, 1875, pl. 8.3); 3b, 
specimen from Herzogswalde bei Silberberg, Schle-
sien (Frech, 1897, pl. A7); 3c, isolated proximal 
end with virgellarium and one sicular cladium 
(adapted from Urbanek, 1997a, fig. 5D). Scale 
bars, 1 mm.

Neod ive r sog rap tu s  U r b a n e k ,  1963 ,  p .  149 
[*Monograptus nilssoni Lapworth, 1876a, p. 315; 
sensu Urbanek, 1954, p. 300; OD]. Proximally 
gently dorsally curved monograptid stipe, distally 
straight or dorso-ventrally curved, forming bipolar 
tubarium in mature specimens; sicula with long 
dorsal apertural spine, with its further prolongation 
producing secondary nema for sicular cladium; 
thecae tubular, with apertures either straight or with 
slightly elevated margins; ventral thecal wall at low 
angle to tubarium axis. [The problems of the iden-
tification of N. nilssoni were discussed in Palmer 
(1971a, 1971b) and Strachan (1973).] Silu-
rian, Ludlow (Gorstian, Neodiversograptus nilssoni 
Biozone–Ludfordian, Saetograptus leintwardinensis 
Biozone): worldwide (although only questionably 
from Arctic Canada).——Fig. 19,4a–c. *N. nilssoni 
(Lapworth); 4a, neotype (Palmer 1971b, p. 97), 
Long Mountain Shales, Welsh Borderlands, UK 
(Wilkinson, 2018b, Atlas 3.58); 4b–c, proximal 
ends without (4b) and with (4c) sicular cladium, 
Silurian, Ludlow, Poland (Urbanek, 1997b, fig. 
2A–B). Scale bars, 1 mm.

Prolinograptus Rickards & Wright, 1997b, p. 225 
[*P. packhami; OD]. Very slender tubarium with 
numerous sicular cladia; stipes straight or gently 
ventrally curved; sicula small; sicular cladia with 
secondary nemata; thecae with simple everted aper-
tures. Silurian, Ludlow (Gorstian, Neodiversograptus 
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nilssoni Biozone–Ludfordian, Neocucullograptus 
inexpectatus/kozlowskii Biozone): Australia, Poland, 
Arctic Canada.——Fig. 19,5a–b. *P. packhami; 5a, 
AMF 81773a, distal thecae of holotype (Rickards 
& Wright, 1997b, fig. 9L); 5b, AMF 91956b, 
proximal end with sicula (Rickards & Wright, 
1997b, fig. 9K). Scale bars, 1 mm.——Fig. 19,5c. 
P. orangensis (Rickards & others,1995); AMF 
81650, holotype (Rickards & others, 1995, fig. 
35d). Scale bar, 1 mm.
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Survey, Prague, Czech Republic.
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University, Sweden
MB.G: Museum für Naturkunde, Berlin, Germany
MGM: Museo Geominero, Spanish Geological Survey 

(IGME), Madrid, Spain

Fig. 19. Linograptinae (cladia-bearing) (p. 32).
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MGUH: Geological Museum of the University of 
Copenhagen, Denmark

MMH: Mineralogical and Geological Museum of the 
University of Copenhagen, Denmark

NHMUK: The Natural History Museum, London, UK 
(formerly BMNH) 

NIGP: Nanjing Institute of Geology and Palaeontology, 
Academia Sinica, Nanjing, China

NMW: National Museum of Wales, Cardiff, UK
NMP L: National Museum, Prague, Czech Republic
NRM: Naturhistoriska Riksmuseet Stockholm, Sweden
PŠ: Petr Štorch collection, Czech Geological Survey, 

Prague, Czech Republic
SGU: Sveriges Geologiska Undersökning, Uppsala, 

Sweden
SM: Sedgwick Museum of Earth Sciences, Cambridge, 

UK
SMF: Naturmuseum Senckenberg, Frankfurt am Main, 

Germany
UQ: Queensland Museum, South Brisbane, Queensland, 

Australia
UWO: University of Western Ontario, London, On-

tario, Canada
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