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Order GRAPTOLOIDEA 
Lapworth, 1875

[Graptoloidea Lapworth in Hopkinson & Lapworth, 1875, p. 633, 
nom. transl. Ruedemann, 1904, p. 573, ex section Graptoloidea] 

[=suborder Rhabdophora Allman, 1872, p. 380; =division Graptoloida 
Mitchell, Melchin, Cameron, & Maletz, 2013, p. 53]

Graptolites united by the retention of 
the nematophorous sicula in the adult stage 
as the defining synapomorphy. Ordovician 
(Tremadocian, Rhabdinopora flabelliformis 
praeparabola Biozone)–Devonian (lower 
Emsian, Monograptus yukonensis Biozone): 
worldwide.

In the past, all bithecae-bearing planktic 
taxa (family Anisograptidae) were included 
in the Dendroidea (Bulman, 1955, 1970) 
or in the Graptodendroidina (Mu & Lin 
in Lin, 1981) as they show close simi-
larities to the construction of the benthic 
graptolites due to the presence of a typical 
triad budding system with development 
of bithecae along the stipes. Fortey and 
Cooper (1986) differentiated the Grap-
toloidea on a cladistic interpretation and 
based it on the presence of a free nema in the 
adult stage as the defining synapomorphy. 
These authors promoted the inclusion of all 
nematophorous graptolites in a single order 
and indicated that the loss of bithecae is 
polyphyletic within the Graptoloidea (Fig. 
1), a notion supported by the analysis of Li 
and others (2007). Maletz, Carlucci, and 
Mitchell (2009) provided an analysis of 

the derived graptoloids but did not include 
enough taxa of the Anisograptidae to be able 
to shed light on the early divergence of the 
graptoloids. Mitchell and others (2013, p. 
53) defined the Graptoloidea (as the divi-
sion Graptoloida) as the taxon including 
all graptolites retaining a nematophorous 
sicula in the adult stage, and thus provided 
a definition based on an easily recognizable 
synapomorphy, but otherwise followed 
the interpretations of Fortey and Cooper 
(1986). 

Early Graptoloidea share numerous 
tubarium characters with the Dendroidea, 
especially the stipe structure formed by 
triad budding (Wiman rule), in which each 
autotheca produces two daughter thecae—
an autotheca and a bitheca (see Cooper & 
Fortey, 1983). Dicalycal thecae are inserted 
at various distances to produce branching 
of the stipes. The most obvious difference 
the Graptoloidea has from the benthic taxa 
is the development of a free nema and the 
differentiation of the conus and cauda of the 
prosicula (Hutt, 1974).

A number of planktic dendroids have 
been described (Rickards, Hamedi, & 
Wright, 1994; Kraft & Kraft, 2007), 
among which Calyxdendrum graptoloides 
(Kozłowski, 1960) from the Nemagraptus 
gracilis Biozone is the best known and the 
only one available from chemically isolated 
material. These are not considered to be 
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The Graptodendroidina is a paraphyletic 
taxon from which all younger groups of the 
Graptoloidea originated. The group and its 
biostratigraphic range is poorly known, as 
few horizons in the upper Tremadocian time 
interval provide faunas bearing the younger 
members of the Graptodendroidina. Thus, 
the transition to the derived suborders of 
the order Graptoloidea (e.g., Dichograptina, 
Sinograpta) is only vaguely defined.

Family ANISOGRAPTIDAE  
Bulman, 1950 

[Anisograptidae Bulman, 1950, p. 79] [incl. Adelograptinae Mu, 
1974, p. 231; Rhabdinoporinae Erdtmann, 1982, p. 128; Psigraptidae 

Lin, 1981, p. 244; Muenzhigraptidae Zhao & Zhang, 1985, p. 16; 
Staurograptinae Mu, 1974, p. 230]

Planktic nematophorous, multiramous 
graptoloids with a triad budding system; 
colony shape ranges from reclined through 
horizontal to declined and bell-shaped or 
pendent; bithecae distinctly smaller than 
autothecae; bithecae initially regular, but 
in later taxa irregular and often reduced 
or absent; autothecae simple, widening 
tubes, sometimes aperturally isolated; ventral 
rutella common; dissepiments present in a few 
taxa; proximal development type isograptid, 
quadriradiate to biradiate, variably dextral 

graptoloids, but are regarded as examples 
of dendroids independently developing a 
planktic life style. 

Suborder 
GRAPTODENDROIDINA  

Mu & Lin, 1981 
[Graptodendroidina Mu & Lin in Lin, 1981, p. 244]

Quadriradiate to biradiate planktic, nema-
tophorous graptolites with a triad budding 
system of the thecae; bithecae reduced or 
even lost in stratigraphically younger taxa; 
colonies multiramous to biramous, pendent 
to reclined; dissepiments present in some 
taxa; autothecae simple, widening tubes 
with or without short ventral rutellum; 
thecal apertures may be isolated; prosicula 
with distinct differentiation of conus and 
cauda; origin of th11 in the middle part of 
the conus; proximal end may possess one to 
three successive (proximal) dicalycal thecae 
with th12 as the first dicalycal theca; later 
dicalycal thecae adventitiously or regularly 
distributed. Lower Ordovician (Tremadocian, 
Rhabdinopora flabelliformis praeparabola 
Biozone–Floian, Sagenograptus murrayi 
Biozone): worldwide.

Fig. 1. Cladistic interpretation of early Graptoloidea by Fortey and Cooper (1986), showing possible polyphyletic 
origin of non-bithecate graptoloids (red lines); circled numbers indicate origins of quadriradiate (4), triradiate (3), 

and biradiate (2 )  proximal development (new). 
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and sinistral; maeandrograptid type proximal 
symmetry with inclined sicula; prosicula 
with distinct differentiation of conus and 
cauda; origin of first theca in median part of 
the conus; th12 is first dicalycal thecae, later 
dicalycal thecae adventitiously or regularly 
distributed. Lower Ordovician (Tremadocian, 
Rhabdinopora flabelliformis praeparabola 
Biozone–Floian, Sagenograptus murrayi 
Biozone): worldwide.

The Anisograptidae form a paraphyletic 
stem group of the Graptoloidea (see Fig. 1). 
The Dichograptina and Sinograpta origi-
nated from this stem independently, but the 
details of the divergence of both groups have 
not been explored. Maletz, Carlucci, and 
Mitchell (2009) defined the supercohort 
Eugraptoloida as a monophyletic group 
through the defining synapomorphy, loss 
of bithecae along stipes, and indicated a 
monophyletic origin of the derived grapto-
loids. Their results are in direct conflict with 
the interpretation of Fortey and Cooper 
(1986) and Lindholm (1991) concerning 
the multiple independent loss of bithecae 
in the Anisograptidae. 

MORPHOLOGY 

The tubarium shape of the Anisograptidae 
is quite variable and ranges from pendent 
to horizontal and reclined. The stratigraph-
ically earliest taxa (Rhabdinopora, Stau-
rograptus) recall the multiramous, dissepi-
mentous tubaria of the benthic Dictyonema. 
The stipes are connected by irregularly or 
regularly distributed dissepiments to keep 
them at a certain distance, most probably 
to prevent interaction and feeding competi-
tion of zooids from adjacent stipes (Fortey 
& Bell, 1987). 

All Anisograptidae possess a free nema 
(Fig. 2), indicating that the colonies are 
not attached to any object. Nemata can be 
branched or replaced by various features 
interpreted as float structures or described 
simply as nematularia with unknown func-
tion. The nematularia are not known from 
isolated material and their precise construc-

tion is uncertain. Hutt (1974) described 
the distal end of the nema in Adelograptus 
tenellus (Linnarsson, 1871) as open and 
interpreted it as a growing end of the colony. 
Bates (1987) considered the growth to be 
similar to that of other spines of the colonies 
and suggested an incremental growth from 
fusellar or cortical components. Rickards 
(1975, 1996) discussed the construction 
of the nema and claimed that it is a hollow 
tube (actually referring to the cauda of 
Hutt, 1974), later overgrown by the addi-
tion of fusellar tissue in the form of a spine. 
He identified this addition as the virgula. 
The virgula is here regarded as a synonym 
of the nema. Early developments on the 
nema include various vanes or possibly 
vesicular bodies of uncertain construction 
(e.g., nematularia). 

The sicula of the Anisograptidae is 
conical, slowly widening from the prosicula 

Fig. 2. Sicular development in Anisograptidae. 1, prosic-
ula showing conus and cauda, arrow indicates diaphragm; 
2, prosicula (yellow) with early metasicula (brown), re-
sorption foramen for th11 indicated by arrow; 3, juvenile 
with complete sicula, part of th11 and crossing canal of 
th12, reverse view; 4, sicula with complex nema (adapted 

from Hutt, 1974).
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toloid colonies. Dicalycal thecae are most 
densely distributed in the proximal end and 
more widely dispersed distally in most multi-
ramous taxa. Maletz (1992) described the 
proximal development of the Anisograptidae 
and provided a model for their construction. 
Dicalycal thecae can be differentiated into 
proximal dicalycal thecae and distal ones. 
The first dicalycal theca is th12, defining an 
isograptid proximal development as the basic 
constructional unit of the proximal end of 
all Anisograptidae. Dicalycal thecae may be 
consecutive, but a dicalycal theca can only 
generate a single further dicalycal theca. 

The successive dicalycal thecae, starting 
from the first dicalycal theca (th12), are 
identified as proximal dicalycal thecae, while 

and often bearing a short rutellum (Fig. 
2.4). The prosicula is differentiated into 
two parts of approximately equal length, 
the conus and cauda (Hutt, 1974), sepa-
rated by a diaphragm (Fig. 2.1). A highly 
regular development of fuselli with a dorsal 
and a ventral zigzag suture characterizes the 
metasicula of the Anisograptidae and of all 
derived Graptoloidea. The origin of the tube 
of th11 is through a resorption foramen in 
the upper half of the conus on the ventral 
side of the prosicula (Fig. 2.2). The length 
of the prosicula may be reduced, and the 
origin of th11 is close to the apex of the sicula 
(Choristograptus Legrand, 1964a).

The position of the dicalycal thecae 
defines the branching geometry of the grap-

Fig. 3. Quadriradiate and triradiate proximal development. 1, quadriradiate development, dorsal view, showing suc-
cessive, clockwise (dextral) origins of dicalyal thecae (th12, th13, th14) around the sicula; 2, quadriradiate development, 
obverse view, showing sicular bitheca; 3, triradiate development, dorsal view, showing two successive dicalycal thecae 
(th12, th13) originating in anticlockwise (sinistral) fashion; 4, triradiate development, reverse view. Dicalycal thecae 
are striped and color-coded: bithecae, black, first distal dicalycal theca, purple (adapted from Maletz, 1992, fig. 3).

th12

th12

th14

th13
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distal dicalycal thecae are separated from 
proximal ones by at least one monocalycal 
theca. Earliest anisograptids (Staurograptus, 
Rhabdinopora) possess three successive (prox-
imal) dicalycal thecae and therefore develop 
a quadriradiate proximal end (Fig. 3.1–3.2). 
The successive dicalycal thecae all form on 
one side of the growing stipe, growing in 
a circular fashion around the sicula, either 
clockwise or anticlockwise. During the 
evolution of the Anisograptidae, the number 
of proximal dicalycal thecae is reduced to 
two (triradiate development) and finally to 
one (biradiate development). 

A biradiate proximal development is 
the standard in younger anisograptids and 
is present in non-bithecate multiramous 
to biramous graptoloids. The position of 
distal dicalycal thecae may be highly vari-
able. Those closest to the proximal dicalycal 
thecae are th31 and th32. This proximal 
construction has been termed the tetra-
graptid foundation (Maletz, 1992, p. 299). 
It is typically developed in the multiramous 
dichograptids, especially in Clonograptus (see 
Lindholm & Maletz, 1989) and derived 
taxa. A tetragraptid foundation also appears 
to be present in the anisograptid Psigraptus 
and in some adelograptids. 

Bulman (1925, 1927) and Stubblefield 
(1929) first described bithecae in planktic 
graptolites. In earlier Anisograptidae, the 
bithecae were found to be alternating along 
the stipes, with the first bitheca associated 
with the sicula, termed the sicular bitheca 
(Fig. 4.1). Bithecae are more irregularly 
placed along the stipes in some late taxa 
such as Kiaerograptus kiaeri (Spjeldnaes, 
1963), and the typical alternation is lost 
(Fig. 4.2). Lindholm (1991) and Williams 
and Stevens (1991) discussed the loss of 
bithecae in upper Tremadocian anisograp-
tids. Lateral budding of the thecae, typical 
of the Dendroidea, is preserved in most 
members of the Anisograptidae, even when 
bithecae along the stipes are lost (Fig. 4.3). 
The sicular bitheca is the last remaining 
bitheca according to Williams and Stevens 
(1991) and is present in Hunnegraptus 
copiosus Lindholm, 1991 (Fig. 4.4). 

EVOLUTION

The Anisograptidae represent the initial 
step in graptolites becoming successful 
planktic organisms. The earliest planktic 
form, Rhabdinopora praeparabola (Erdt-
mann, 1982), appears close to the base 
of the Tremadocian Stage, and species of 
Rhabdinopora have commonly been used to 
indicate the base of the Ordovician System. 
The genus Rhabdinopora quickly diversified 
and represents one of the most compelling 
examples of evolutionary conservatism in 
early Ordovician graptolites (see Cooper & 
others, 1998). 

A clear trend in evolutionary simplifica-
tion can be seen in the successive loss of 
first-order stipes. The Anisograptidae evolved 
from initially quadriradiate to triradiate and 

Fig. 4. Diagram illustrating the loss of bithecae in 
the Anisograptidae in obverse view to show presence/
absence of sicular bitheca, proximal ends hypothetical. 
1, stipes based on Kiaerograptus? supremus Lindholm, 
1991; 2, stipes based on fragment of Kiaerograptus kiaeri 
Monson, 1925, with successive bithecae on one side; 
3, stipes based on fragment of ?Clonograptus sp. aff. 
Clonograptus multiplex (Nicholson, 1868); 4, stipes 
based on Hunnegraptus copiosus Lindholm, 1991, with 
sicular bitheca as the only remaining bitheca; 5, stipes 
based on Clonograptus multiplex (Nicholson,1868) 

(adapted from Lindholm, 1991, fig. 4).

1
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ally based on a group of lichens described as 
Dictyonema by Adgarth (in Kunth, 1822) 
(see Parmasto, 1978). Graptolite material 
now referred to the genera Dictyonema and 
Rhabdinopora had originally been identified as 
Gorgonia Linnaeus, 1758, due to their simi-
larity to gorgonian soft corals. The bryozoan 
Fenestella Lonsdale in Murchison, 1839, is 
another fossil easily misidentified as a grapto-
lite, but is constructed from calcite instead of 
the organic material found in the graptolites. 
Salter (1858) described the genus Graptopora 
and referred to the species Fenestella socialis as 
the type, a taxon now identified as Rhabdino-
pora flabelliformis socialis (Salter, 1858). At 
the time, the species was only known from 
a yet-unpublished manuscript and was first 
described and illustrated in Salter (1866). 

Rhabdinopora Eichwald, 1855, p. 454. [*Gorgonia 
flabelliformis Eichwald, 1840, p. 207; SD Bulman, 
1970, p. 38] [=Phyllograpta Angelin, 1854, p. 4 
(type, Gorgonia flabelliformis Eichwald, 1840, p. 
207, M); =Graptopora Salter, 1858, p. 65 (type, 
G. socialis, OD, illustrated in Salter, 1866, p. 331, 
pl. 4,1); =Dictyograptus Hopkinson in Hopkinson 
& Lapworth, 1875, p. 667, pro Dictyonema Hall, 
1851 (type species not defined); =?Damesograptus 
Jahn, 1892, p. 645 (type, Dictyonema sp., Dames, 
1873, p. 383, OD); =Dictyodendron Westergård, 
1909, p. 62 (type, Gorgonia flabelliformis Eich-
wald, 1840, p. 207, OD); =Heterograptus Zhao 
& Zhang in Lin, 1986, p. 241 (type, H. radiatus, 
OD)]. Pendent, multiramous anisograptid with 
irregularly to regularly distributed dissepiments; 
proximal development quadriradiate. Lower Ordo-
vician (lower Tremadocian, Rhabdinopora flabel-
liformis praeparabola–Adelograptus Biozones): 
worldwide.——Fig. 5,1a–b. *R. flabelliformis; 1a, 
neotype (Bulman, 1966, p. 408, Bulman, 1967), 
NHMUK PM Q 1392, Pakerort, north of Paldiski, 
Estonia (Bulman, 1966, fig. 1); 1b, LO 4144t, 
proximal end, Paldiski, Estonia (Bulman, 1966, 
fig. 2a).—— Fig. 5,1c. Heterograptus radiatus Zhao 
& Zhang in Lin, 1986, holotype, CCG G8456, 
Dayangcha, Jilin, China (Lin, 1986, fig. 96,1). 

Staurograptus Emmons, 1855, p. 108, original spelling 
as Staurograpsus changed in ICZN, Opinion 650, 
1963 [*S. dichotomus; M] [=Aletograptus Obut & 
Sobolevskaya, 1962, p. 76 (type, A. hyperboreus 
Cooper & others, 1998, p. 21, M)]. Quadriradiate 
anisograptid with horizontal to subhorizontal, 
multiramous to pauciramous tubarium; distal 
dichotomies irregularly spaced; dissepiments rare 
and scattered distally in some mature and gerontic 
specimens of early species, otherwise lacking 
altogether. Lower Ordovician (lower Tremado-
cian, Rhabdinopora flabelliformis praeparabola–

finally to biradiate forms until a stabilization 
point was reached in the upper Tremado-
cian. All subsequently appearing graptoloids 
possess two first-order stipes and one single, 
proximal dicalycal theca, which is the typical 
biradiate development (see Maletz, 1992). 
The exact points of change from a quadri-
radiate to triradiate and from triradiate 
to biradiate development have not been 
documented, and the trends appear to be 
polyphyletic, according to the interpretation 
of Fortey and Cooper (1986) and Li and 
others (2007) (see Fig. 1). 

Upper Tremadocian faunas from the 
Hunnegraptus copiosus Biozone of Scandi-
navia (Lindholm, 1991) and the Aorograptus 
victoriae Biozone of western Newfoundland 
(Williams & Stevens, 1991) indicate a break-
down of the typical dendroid triad budding 
structure along several lineages. Specimens of 
the sigmagraptine Paradelograptus initially 
still possess a sicular bitheca with a dorsal 
origin of all thecae along the stipes (Maletz, 
2014, fig. 10), a condition similar to that in 
the dichograptine genus Hunnegraptus Lind-
holm, 1991. The genus Paratemnograptus  
shows the plaited thecal overlap of the 
Anisograptidae and possibly bears a sicular 
bitheca, but bithecae along the stipes are not 
present. Thus, it may be possible to demon-
strate the loss of bithecae and plaited overlap 
of thecae independently in the sinograptids 
and dichograptids. 

The genus Rhabdinopora Eichwald, 
1855 and its type species Rhabdinopora 
flabelliformis (Eichwald, 1840) are among 
the most controversial taxa of the planktic 
graptolites. For a long time, benthic and 
planktic graptolites with the typical mesh 
of Rhabdinopora flabelliformis have been 
included in the genus Dictyonema, before 
Erdtmann (1982) reestablished the genus 
Rhabdinopora for planktic taxa and separated 
the benthic species under the genus name 
Dictyonema Hall, 1851. Hopkinson and 
Lapworth (1875, p. 667) changed Dictyo-
nema to Dictyograptus, based on the notion 
that Dictyonema was “an old-established name 
for a genus of plants.” The name was actu-
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Rhabdinopora flabelliformis parabola Biozones): 
worldwide.——Fig. 5,2a. *S. dichotomous, type 
specimen whereabouts unknown (Feng, Erdtmann, 
& Zhang, 2005, p. 1013).——Fig. 5,2b. S. hyper-
boreus (Obut & Sobolevskaya, 1962), holotype, 
CGMSP 8310/11(Feng, Erdtmann, & Zhang, 
2005, fig. 11C).

Anisograptus Ruedemann, 1937, p. 61 [*A. mata-
nensis; OD]. Triradiate anisograptid with horizontal 
to subhorizontal tubarium; distal dichotomies irreg-
ularly spaced. Lower Ordovician (lower Tremadocian, 
Anisograptus matanensis–Rhabdinopora flabelli-
formis anglica Biozones): worldwide.——Fig. 5,5a. 
*A. matanensis, holotype, NYSM 6841, Matane, 
Quebec, Canada (Ruedemann, 1937, fig. 6).——

Fig. 5,5b. A. flexuosus Bulman, 1950, GSC 9861, 
Matane, Quebec (Bulman, 1950, fig. 6a).

Toyenograptus Li 1984, p. 579 (English text p. 584) 
[*Anisograptus isolatus Bulman, 1954, p. 32; OD]. 
Triradiate anisograptid with horizontal to subhori-
zontal tubarium; distal dichotomies irregularly spaced; 
thecal apertures isolated. Lower Ordovician (lower 
Tremadocian, Anisograptus matanensis Biozone): 
Norway.——Fig. 5,6. *T. isolatus, holotype, PMO 
61876, Tøyen, Oslo, Norway (Bulman, 1954, 
fig. 13).

Triograptus Monsen 1925, p. 169 [*T. osloensis; OD]. 
Triradiate anisograptid; tubarium composed of 
three horizontal, undivided stipes, showing distinct 
lateral curvature; details of thecae unknown. Lower 

Fig. 5. Anisograptidae (p. 6–8) 
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Ordovician (upper Tremadocian, Kiaerograptus 
kiaeri Biozone): Norway, ?Argentina.——Fig. 5,7. 
*T. osloensis, lectotype (selected herein), PMO 
60232 (Monsen, 1925, pl. 4,2).

Triramograptus Erdtmann in Cooper & others 
1998, p. 27 [*T. atavus; OD]. Robust, triradiate, 
reclined anisograptid with three stipes; mature 
specimens often with long nema. Lower Ordovician 
(lower Tremadocian, Rhabdinopora flabelliformis 
parabola Biozone): Canada (western Newfound-
land).——Fig. 5,4a–b. *T. atavus; 4a, holotype, 
GSC 115854 (Cooper & others, 1998, fig. 23a); 
4b, GSC 115857, large specimen (Cooper & 
others, 1998, fig. 23d).

Radiograptus Bulman 1950, p. 89 [*R. rosieranus; 
OD]. Triradiate anisograptid with horizontal to 
subhorizontal tubarium; distal dichotomies irregu-
larly spaced; dissepiments present. [Taxon may be 
synonymous to Rhabdinopora] Lower Ordovician 
(lower Tremadocian, ?Anisograptus matanensis 
Biozone): Canada. .——Fig. 5,3. *R. rosieranus, 
holotype, GSC 9871, Cap de Rosier, Gaspe Penin-
sula, Quebec, Canada (Bulman, 1950, pl. 6). 

Adelograptus Bulman, 1941, p. 114 [*Bryograptus? 
hunnebergens i s  Mo b e rg ,  1892,  p.  92;  OD; 
=Dichograptus? tenellus Linnarsson, 1871, p. 794, 
Maletz & Erdtmann, 1987, p. 180] [=Clonograptus 
(Paraclonograptus) Zhao & Zhang, 1985, p. 15, 
nom. nud., herein]. Biradiate anisograptid with 
horizontal to subhorizontal tubarium; distal dichot-
omies irregularly spaced; cortical overgrowth of 
proximal part of stipes in gerontic specimens; 

bithecae on alternate sides of stipes; slender, slowly 
widening thecae, often with short rutellum. Lower 
Ordovician (upper Tremadocian, Adelograptus 
tenellus–Hunnegraptus copiosus Biozones): Algeria, 
?Australia, China, Sweden, Norway, UK, Canada, 
USA, Argentina, Bolivia.——Fig. 6,5a–b, d. A. 
tenellus (Linnarsson, 1871); 5a, neotype, SGU 
4497a–b (Maletz & Erdtmann, 1987, pl. 1A); 
5b, SGU 4506, lectotype of *Bryograptus? hunne-
bergensis (selected herein) (Maletz & Erdtmann, 
1987, p 188); 5d, SM A82770, showing prosicula, 
bithecae, and initial dicalycal theca (th12) in color, 
Shineton Shale, Shropshire, UK (adapted from 
Hutt, 1974, fig. 6C).——Fig. 6,5c. A. messaoudi 
Legrand, 1964b, proximal end, obverse view 
showing sicular bitheca (adapted from Legrand, 
1964b, fig. 3a). 

Paratemnograptus Williams & Stevens, 1991, p. 
19 [*P. isolatus; M; =Temnograptus magnificus 
Pritchard, 1892, p. 56, herein]. Horizontal to 
subhorizontal, multiramous tubarium with bira-
diate development and tetragraptid foundation; 
sicular bitheca present; stipes with plaited overlap 
of thecae, but without bithecae. Lower Ordovi-
cian (upper Tremadocian, Aorograptus victoriae–
Tetragraptus phyllograptoides Biozones): Australia, 
Norway, Sweden, Canada, Argentina, Bolivia.——
Fig. 6,1a. *P. isolatus, holotype, GSC 87284 
(Williams & Stevens, 1991, fig. 10L).——6,1b–d. 
P. magnificus (Pritchard, 1892). 1b, holotype, 
NMVP 134000, Lancefield, Victoria, Australia 
(Pritchard, 1892, pl. 6); 1c,  MG1968, stipe  

Fig. 6. Anisograptidae (p. 8–10) 
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fragment showing plaited overlap and lack of 
bithecae, Fezouata Lagerstätte, Morocco, scale bar, 1 
mm (new, photo provided by J. C. Gutiérrez-Marco); 
1d, PMO 108.558, latex cast showing plaited overlap 
and lack of bithecae, Slemmestad, Norway, scale 
bar, 1 mm (Lindholm & Maletz, 1989, pl. 83,7). 
——6,1e. Tetragraptus decipiens Hall, 1899, lecto-
type, NMVP 14368, proximal end, scale bar, 1 mm 
(new, photo provided by F. VandenBerg). 

Stellatograptus Erdtmann, 1967, p. 343 [*S. stel-
latus; M]. Multiramous ?anisograptid with proxi-
mally concentrated dichotomies; distal stipes long 
and rarely branching; proximal development and 
thecal style unknown; strong cortical overgrowth 
of proximal end. Lower Ordovician (upper Tremado-
cian, ?Aorograptus victoriae Biozone): Canada 
(Quebec).——Fig. 6,3. *S. stellatus, holotype, 
1341 at Laval University, Quebec City, material 
now at Geological Survey of Canada, but no GSC 
numbers given (personal communication, Michelle 
Coyne, GSC, Ottawa, March 2014), 1.2 miles 
downstream from the wharf at St. Michelle de 
Bellechasse, Quebec, Canada (Erdtmann, 1967, 
p. 344, fig. 4). 

Aorograptus Williams & Stevens, 1991, p. 23 
[*Bryograptus victoriae Hall, 1899, p. 165; OD]. 
Declined to pendent, multiramous anisograptid 
with biradiate proximal development; distal dichoto-
mies irregularly distributed. Lower Ordovician 
(upper Tremadocian, Aorograptus victoriae Biozone): 
Australia, New Zealand, Norway, Canada, USA, 
Argentina, Bolivia.——Fig. 6,2a–b. *A. victoriae; 

2a, holotype, NMVP 14240, scale bar, 1 mm (new); 
2b, NMVP 318 132A, large specimen, Victoria, 
Australia, scale bar, 5 mm (new).

Sagenograptus Obut & Sobolevskaya, 1962, p. 74 
[*S. gagarini; OD] [=Araneograptus Erdtmann 
& VandenBerg, 1985, p. 53 (type, Dictyonema 
macgillivrayi T. S. Hall, 1897, p. 15, OD)]. 
Robust, possibly biradiate, multiramous tubarium 
with subhorizontal to pendent habit; stipes 
connected with dissepiments; presence of bithecae 
uncertain. Lower Ordovician (upper Tremadocian, 
Sagenograptus murrayi Biozone–lower Floian, Tetra-
graptus approximatus Biozone): Morocco, Australia, 
New Zealand, UK, Germany, Norway, Sweden, 
Canada, Russia, Bolivia, Argentina.——Fig. 7a,c. 
S. macgillivrayi (Hall, 1897); a, NMVP 13126, 
lectotype (selected by Erdtmann & VandenBerg, 
1985, p. 54), Lancefield Quarry near Lancefield, 
Victoria, Australia, scale bar, 10 mm; c, NMVP 
73461, proximal end in lateral view, scale bar, 1 
mm (new, photos provided by A. VandenBerg).——
Fig. 7b. *S. gagarini, holotype, 5/8310, scale bar, 5 
mm (Sobolevskaya, 2011, pl. 2,5).

Bryograptus Lapworth, 1880, p. 164 [*B. kjerulfi; 
SD Gurley, 1896, p. 64]. Declined to pendent 
anisograptid with triradiate proximal development 
and unlimited branching capacity; bithecae alter-
nate along the stipes; sicula elongated, often with 
long and thickened nema. Lower Ordovician (upper 
Tremadocian, Bryograptus ramosus Biozone): UK, 
Norway, Sweden, Argentina, Bolivia.——Fig. 6,4. 
*B. kjerulfi, lectotype, PMO 71284, Vaekkero, Oslo 

Fig. 7. Anisograptidae (p. 9) 

Sagenograptus
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showing sicular bitheca; 1c, PMO 214.028, multi-
ramous colony; scale bars, 1 mm (new). 

Choristograptus Legrand, 1964a, p. 52 [*C. louhai; 
OD]. Biradiate anisograptid with declined tubarium; 
prosicula strongly reduced or lacking, with origin of 
th11 on prosicular apex; distal dichotomies irregu-
larly spaced; short bithecae on alternate sides of 
stipes; slender, slowly widening thecae without 
rutellum; tubular sicula and often a number of 
proximal thecae isolated aperturally. Lower Ordovi-
cian (upper Tremadocian, ?Aorograptus victoriae 
Biozone): Algeria, Morocco.——Fig. 9a–d. *C. 
louhai; a, proximal end with reduced prosicula and 
nema; b, proximal fragment showing isolated thecal 
apertures and bitheca; c, distal fragment showing 
bitheca; d, apex of sicula with nema and origin 

Region, Norway, scale bar, 1 mm (Bulman, 1971, 
p. 363, fig. 1a).

Ancoragraptus  Jackson & Lenz ,  2003, p. 141 
[*Adelograptus? bulmani Spjeldnaes, 1963, p. 127; 
OD]. Biradiate anisograptid with horizontal to 
subhorizontal tubarium; distal dichotomies irregu-
larly spaced; short bithecae on alternate sides of 
stipes; slender, slowly widening thecae often with 
short rutellum; tubular sicula and often a number 
of proximal thecae isolated aperturally; bithecae 
may be reduced or missing along the stipes. Lower 
Ordovician (upper Tremadocian, Aorograptus 
victoriae Biozone): China, South Korea, Norway, 
Canada, Argentina.——Fig. 8,1a–c. *A. bulmani; 
1a, holotype, PMO 72835a, Slemmestad, Norway; 
1b, PMO 214.032, proximal end in obverse view 

Fig. 8. Anisograptidae (p. 10–11) 
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of th11; scale bars, 0.5 mm for a–c; 0.1 mm for d 
(Legrand, 1964a, pl. 3–4) . 

Kiaerograptus Spjeldnaes, 1963, p. 123 [*Didy-
mograptus kiaeri Monsen, 1925, p. 172; OD]. 
Horizontal to declined, multiramous to two-
stiped, robust anisograptid; relatively long bithecae 
present, but often irregularly placed; apertural part 
of sicula freely pending; thecal apertures, at least 
in proximal parts, often isolated. Lower Ordovician 
(upper Tremadocian, Aorograptus victoriae Biozone): 
Algeria, China, Norway, Sweden, Canada, Argen-
tina.——Fig. 8,2a–b. *K. kiaeri; 2a, lectotype, PMO 
60212a, scale bar, 1 mm (Monsen, 1925, pl. 2,10; 
Spjeldnaes, 1963, pl. 17,5 ) ; 2b, PMO 72 833, 
fragment with bithecae, scale bar, 1 mm (Spjeld-
naes, 1963, pl. 2,1).——Fig. 8,2c. K. lauzonensis 
(Erdtmann, 1966), GSC 122 714, showing distal 
branching, scale bar, 1 mm (Maletz & Egenhoff, 
2001, fig. 4a). 

Psigraptus Jackson, 1967, p. 314 [*P. arcticus; OD] 
[=Yukonograptus Lin, 1981, p. 244, English text p. 
261 (type, P. lenzi Jackson, 1967, p. 319; OD); 
=Muenzhigraptus Zhao & Zhang, 1985, p. 16 
(type, M. sinicus; OD); =Diphygraptus Zhao & 
Zhang, 1985, p. 19, (type, D. reclinatus; OD); 
=Hunjiangograptus Zhao & Zhang, 1985, p. 20, 
(type, H. typicus; OD); =Holopsigraptus Zhao & 
Zhang, 1985, p. 20 (type, H. hunjiangensis; OD);  
=Clonograptus (Neoclonograptus) Zhao & Zhang, 
1985, p. 21, nom. nud., herein]. Reclined multi-
ramous to pauciramous anisograptid with partly 
isolated metasicula and metathecae; proximal end 
biradiate with short, first-order stipes; bithecae 
present, but variably developed; autothecae tubular, 
without rutellum, considerably curved when aper-
turally isolated. Lower Ordovician (upper Tremado-
cian, Psigraptus Biozone): Australia, China, South 
Korea, Canada.——Fig. 8,3a. *P. arcticus, holotype, 
GSC 21248, scale bar, 1 mm (new).——Fig. 8,3b. 
P. lenzi Jackson, 1967, holotype, GSC 21253, scale 
bars, 1 mm (new).——Fig. 8,3c. P. hunjiangensis 
(Zhao & Zhang, 1985), holotype, scale bar, 1 mm 

(new).——Fig. 8,3d. P. reclinatus (Zhao & Zhang, 
1985), holotype, scale bar, 1 mm (new).——Fig. 
8,3e. P. typicus (Zhao & Zhang, 1985), holotype, 
scale bar, 1 mm (new).——Fig. 8,3f. P. sinicus 
(Zhao & Zhang, 1985), holotype, scale bar, 1 
mm (new). 

Chigraptus Jackson & Lenz, 1999, p. 155 [*C. 
supinus; OD]. Small quadriradiate tubarium with 
four, unbranched, first-order stipes disposed hori-
zontally to slightly reclined; autothecae biform, 
comprising long, curved, downwardly directed, 
isolate autothecae proximally, grading to tubes with 
low angle of inclination and slightly isolate distally; 
sicular bitheca and bithecae present throughout the 
colony. Lower Ordovician (Tremadocian–?basal Stau-
rograptus dichotomous Biozone): Canada.——Fig. 
8,4a–b. *C. supinus; 4a, holotype, GSC 117664, 
dorso-ventral preservation; 4b, GSC 117666, small 
specimen in lateral preservation; scale bars, 1 mm 
(Jackson & Lenz, 1999, p. 156, fig. 4). 

ABBREVIATIONS FOR MUSEUM 
REPOSITORIES

CCG: Changchun College of Geology, Changchun, 
Jilin Province, China

CGMSP: St. Petersburg, Russia
GSC: Geological Survey of Canada, Ottawa
LO: Lunds Originale, Department of Geology, Lund 

University, Sweden
NHMUK PM: The Natural History Museum, London, 

UK (formerly BMNH) 
NMVP: Museum Victoria, Melbourne, Australia
NYSM: New York State Museum, Albany, New York, 

USA
PMO: Natural History Museum, University of Oslo, 

Paleontological Type collections, Norway
SGU: Sveriges Geologiska Undersökning, Uppsala, 

Sweden
SM: Sedgwick Museum of Earth Sciences, Cambridge, 

UK

Fig. 9. Anisograptidae (p. 10–11) 

Choristograptus
a b

c

d



12 Treatise Online, number 85

Eichwald, E. J. 1840. Ueber das silurische Schichten-
system in Esthland. Zeitschrift für Natur- und Heil-
kunde der k. medicinisch-chirurgischen Akademie, 
St. Petersburg 1(2):1–210.

Eichwald, E. J. 1855. Beitrag zur geographischen Ver-
breitung der fossilen Thiere Russlands. Alte Periode. 
Bulletin de la Societé des Naturalistes de Moscou 
28(4):433–466.

Emmons, Ebenezer. 1855. American Geology, contain-
ing a statement of the principles of the science, with 
full illustrations of the characteristic American fos-
sils also an atlas and a geological map of the United 
States. Part II. J. Munsell. Albany. 251 p., 18 pl.

Erdtmann, B.-D. 1966. Cymatograptus lauzonensis, a 
new graptolite species from the Levis Formation, 
Quebec. Naturaliste Canadien 93:247–252.

Erdtmann, B.-D. 1967. A new fauna of early Ordovi-
cian graptolites from Saint Michel, Quebec. Cana-
dian Journal of Earth Sciences 4(3):335–355.

Erdtmann, B.-D. 1982. A reorganization and proposed 
phylogenetic classification of planktic Tremadoc 
(early Ordovician) dendroid graptolites. Norsk Ge-
ologisk Tidsskrift 62(2):121–145.

Erdtmann, B.-D., & A. H. M. VandenBerg. 1985. 
Araneograptus gen. nov. and its two species from the 
late Tremadocian (Lancefieldian, La2) of Victoria. 
Alcheringa 9(1):49–63.

Feng, H. Z., B.-D. Erdtmann, & Y. D. Zhang. 2005. 
Taxonomy and phylogeny of Staurograptus Emmons 
from the base of the Ordovician. Palaeontology 
48(5):1007–1019.

Fortey, R. A., & Adrian Bell. 1987. Branching geometry 
and function of multiramous graptoloids. Paleobiol-
ogy 13:1–19.

Fortey, R. A., & R. A. Cooper. 1986. A phyloge-
netic classification of the graptoloids. Palaeontology 
29(4):631–654.

Gurley, R. R. 1896. North American graptolites, 
new species and vertical range. Journal of Geology 
4:63–102, 291–311. 

Hall, James. 1851. New genera of fossil corals from the 
report by James Hall, on the Palaeontology of New 
York. The American Journal of Science and Arts 
(series 2) 11:398–401. 

Hall, James. 1865. Figures and descriptions of Canadian 
organic remains. Decade II, Graptolites of the Que-
bec Group. Geological Survey of Canada. Dawson 
Brothers. Montreal. 154 p.

Hall, T. S. 1892. On a new species of Dictyonema. 
Proceedings of the Royal Society of Victoria 4:7–8. 

Hall, T. S. 1897. Victorian Graptolites. Part I. (a) 
Ordovician from Matlock. (b) Dictyonema macgil-
livrayi, nom. mut. Proceedings of the Royal Society 
of Victoria 10:13–16.

Hall, T. S. 1899. Victorian graptolites, The graptolites 
of the Lancefield beds. Proceedings of the Royal 
Society of Victoria (new series) 11:164–178.

Harris, W. J., & R. A. Keble. 1928. The Staurograptus 
bed of Victoria. Proceedings of the Royal Society of 
Victoria 40:91–95.

Harris, W. J., & R. A. Keble. 1932. Victorian grap-
tolite zones, with correlations and descriptions of 

REFERENCES
Allman, G. J. 1872. On the morphology and affinities 

of graptolites. Annals and Magazine of Natural His-
tory (series 4) 9:364–380. 

Angelin, N. P. 1854. Palæontologia Scandinavica. Part 
1, Crustacea formationis transitionis. T. O. Weigel. 
Lipsiae. 93 p., 41 pl. (originally issued in 2 parts 
1851, 1854). Also published in 1878 by P. A. Nor-
stedt & Söner in Stockholm, edited by G. Lindström. 

Bates, D. E. B. 1987. The construction of graptolite 
rhabdosomes in the light of ultrastructural studies. 
Indian Journal of Geology 59(1):1–28.

Brøgger, W. C. 1882. Die silurischen Etagen 2 und 3 
im Kristianiagebiet und auf Eker, ihre Gliederung, 
Fossilien, Schichtenstörungen und Contactmetamor-
phosen. Universitets-Program, 2. Semester. A. W. 
Brøgger, Kristiania (Oslo). 376 p. + map.

Bulman, O. M. B. 1925. Notes on the structure of an 
early Dictyonema. Geological Magazine 62(2):50–67.

Bulman, O. M. B. 1927. A Monograph of British 
Dendroid Graptolites. Monograph of the Palaeon-
tographical Society 79(367):1–28, 22 pl. 

Bulman, O. M. B. 1941. Some dichograptids of the 
Tremadocian and Lower Ordovician. Annals and 
Magazine of Natural History, (series 2) (7):100–121.

Bulman, O. M. B. 1950. Graptolites from the Dic-
tyonema Shales of Quebec. Quarterly Journal of the 
Geological Society of London 106(1):63–99.

Bulman, O. M. B. 1954. The graptolite fauna of the 
Dictyonema Shales of the Oslo region. Norsk Geolo-
gisk Tidsskrift 33:1–40, 8 pl.

Bulman, O. M. B. 1955. Graptolithina. In R. C. 
Moore, ed., Treatise on Invertebrate Paleontology. 
Part V. Geological Society of America & University 
of Kansas Press. New York & Lawrence. xvii + 101 p. 

Bulman, O. M. B. 1966. Dictyonema from the Tremado-
cian of Estonia and Norway. Geological Magazine 
103(5):407–413.

Bulman, O. M. B. 1967. Dictyonema flabelliforme 
(Eichwald, 1840) (Graptolithina): Application for 
conservation under the plenary powers by designati-
on of a neotype. Bulletin of Zoological Nomenclature 
24:49–52.

Bulman, O. M. B. 1970. Graptolithina. In C. Teichert, 
ed., Treatise on Invertebrate Paleontology, Part V. 
Second Edition. The Geological Society of America 
& The University of Kansas Press. Boulder & Law-
rence. xxxii + 163 p. 

Bulman, O. M. B. 1971. Some species of Bryograptus 
and Pseudobryograptus from Northwest Europe. 
Geological Magazine 108:361–371.

Cooper, R. A., & R. A. Fortey. 1983. Development of 
the graptoloid rhabdosome. Alcheringa 7:201–221.

Cooper, R. A., Jörg Maletz, H.-F. Wang, & B.-D. 
Erdtmann. 1998. Taxonomy and evolution of earliest 
Ordovician graptoloids. Norsk Geologisk Tidsskrift 
78:3–32.

Dames, Wilhelm. 1873. Beitrag zur Kenntnis der Gat-
tung Dictyonema Hall (hierzu Taf. XII, Fig. 5–8). 
Zeitschrift der deutschen Geologischen Gesellschaft 
25:383–387. 



Order Graptoloidea and Family Anisograptidae 13

species. Proceedings of the Royal Society of Victoria 
44:25–48.

Hopkinson, John, & Charles Lapworth. 1875. Descrip-
tions of the graptolites of the Arenig and Llandeilo 
rocks of St. David’s. Quarterly Journal of the Geo-
logical Society 31:631–672, pl. 33–37. 

Hutt, J. E. 1974. The development of Clonograptus 
tenellus and Adelograptus hunnebergensis. Lethaia 
7(1):79–92.

ICZN (International Commission on Zoological No-
menclature). 1963. Opinion 650. Graptolite generic 
names: Validation of certain emendations under the 
plenary powers. Bulletin of Zoological Nomenclature 
20:105–110. 

Jackson, D. E. 1967. Psigraptus, a new graptolite genus 
from the Tremadocian of Yukon, Canada. Geological 
Magazine 104(4):317–321.

Jackson, D. E., & A. C. Lenz. 1999. Occurrences of 
Psigraptus and Chigraptus gen. nov. in the Tremadoc 
of the Yukon Territory, Canada. Geological Magazine 
136:153–157.

Jackson, D. E., & A. C. Lenz. 2003. Taxonomic and 
biostratigraphical significance of the Tremadoc grap-
tolite fauna from northern Yukon Territory, Canada. 
Geological Magazine 140(2):131–156. 

Jahn, J. J. 1892. Vorläufiger Bericht über die Dendroi-
deen des Böhmischen Silur. K. K. Akademie der Wis-
senschaften, Wien, Sitzungsberichte, mathematisch-
naturwissenschaftliche Klasse 1–8, p. 642–649.

Kjerulf, Theodor. 1865. Veiviser ved geologiske excur-
sioner I Christiania omegn med et farvetrykt kart og 
flere træsnit. Universitetsprogram for andre Halvaar 
1865, Brøgger & Christie’s Bogtrykkeri. 43 p. 

Kozłowski, Roman. 1960. Calyxdendrum graptoloides n. 
gen., n. sp.: A graptolite intermediate between the 
Dendroidea and the Graptoloidea. Acta Palaeonto-
logica Polonica 5(2):107–124.

Kraft, Petr, & Jaroslaw Kraft. 2007. Planktic dendroids: 
Subversives of graptolite taxonomy. Wissenschaftli-
che Mitteilungen, Institut für Geologie, Freiberg 
36:72–73. 

Kunth, C. S. 1822. Synopsis Plantarum, Quas in Itinere 
ad Plagam Aequinoctialem Orbis Novi, Collegerunt 
Al. De Humboldt et Am. Bonpland, Paris. Vol. 1:1. 

Lapworth, Charles. 1880. On new British graptolites. An-
nals and Magazine of Natural History 5(5):149–177.

Legrand, Philippe. 1964a. Un graptolite remarquable 
de l`Ordovicien inférieur du Sahara algérien: Cho-
ristograptus louhai nov. gen. nov. sp. Bulletin de la 
Societé Géologique de France 7(5):52–58.

Legrand, Philippe. 1964b. Deux nouvelles espèces du 
genre Adelograptus (Graptolites) dans l`Ordovicien 
inférieur du Sahara algérien. Bulletin de la Societé 
Géologique de France, Compte Rendu Sommaire 
7(6):295–304.

Li, J. J. 1984. Some early Ordovician graptolites 
from Chongyi, Jiangxi. Acta Palaeontologica Sinica 
23(5):578–585. English text p. 583–585.

Li, Ming, Liwen Xiang, Hongzhen Feng, Lixia Li, & 
Xinxin Ji. 2007. A cladistic analysis of graptolites 
from the Tremadocian of Yiyang, Hunan. Acta Pal-
aeontologica Sinica 46(Suppl.):278–281.

Lin, Y-K. 1981. New materials of Graptodendroids 
with special reference to the classification of the 
Graptodendroidea. Bulletin of the Nanjing Institute 
of Geology and Palaeontology, Academia Sinica 
3(5):241–262. English abstract, p. 259–261. 

Lin, Y. K. 1986. A new planktonic graptolite fauna. In 
J. Y. Chen, ed., Aspects of Cambrian–Ordovician 
boundary in Dayangcha, China. Prospect Publishing 
House. Beijing, China. p. 224–254.

Lindholm, Kristina. 1991. Ordovician graptolites 
from the early Hunneberg of southern Scandinavia. 
Palaeontology 34:283–327. 

Lindholm, Kristina, & Jörg Maletz. 1989. Intraspecific 
variation and relationships of some Lower Ordovi-
cian species of the dichograptid, Clonograptus. Pal-
aeontology 32:711–743. 

Linnaeus, Carolus. 1758. Systema naturæ per regna tria 
naturæ, secundum classes, ordines, genera, species, 
cum characteribus, differentiis, synonymis, locis. 
Tomus I. Editio decima, reformata. Holmiæ. Salvius.  
824 p. View at http://reader.digitale-sammlungen.de/
resolve/display/bsb10076014.html; or at http://www.
biodiversitylibrary.org/item/10277.

Linnarsson, J. G. O. 1871. Om nagra försteningar 
fran Sveriges och Norges Primordialzon. Öfversigt 
af Kongl. Vetenskaps-Akademiens Förhandlingar 
6:789–797.

Maletz, Jörg. 1992. The proximal development in an-
isograptids (Graptoloidea, Anisograptidae). Paläon-
tologische Zeitschrift 66(3/4):297–309.

Maletz, Jörg. 2014. The classification of the Grap-
tolithina Bronn, 1849. Bulletin of Geosciences 
89(3):477–540.

Maletz, Jörg, Jesse Carlucci, & C. E. Mitchell. 2009. 
Graptoloid cladistics, taxonomy and phylogeny. Bul-
letin of Geosciences 84:7–19. 

Maletz, Jörg, & Sven Egenhoff. 2001. Late Tremadoc 
to early Arenig graptolite faunas of southern Bolivia 
and their implications for a worldwide biozonation. 
Lethaia 34:47–62.

Maletz, Jörg, Sven Egenhoff, & Ricardo Alonso. 2010. 
The Upper Tremadocian (Ordovician) graptolite 
Bryograptus: Taxonomy, biostratigraphy and bioge-
ography. Palaeontology 53(1):59–75.

Maletz, Jörg, & B.-D. Erdtmann. 1987. Adelograptus 
tenellus (Linnarsson, 1871): Its astogenetic develop-
ment and its stratigraphical and palaeogeographical 
distribution. Bulletin of the Geological Society of 
Denmark 35:179–190. 

Mitchell, C. E., M. J. Melchin, C. B. Cameron, & 
Jörg Maletz. 2013. Phylogenetic analysis reveals 
that Rhabdopleura is an extant graptolite. Lethaia 
46:34–56.

Moberg, J. C. 1892. Om skiffern med Clonograptus 
tenellus Linnarsson, dess fauna och geologiska alder. 
Sveriges Geologiska Undersökning, C 125:87–102.

Monsen, Astrid. 1925. Über eine neue ordovizische 
Graptolithefauna. Norsk Geologisk Tidsskrift 8:147–
187, 4 pl. 

Mu A. T. 1974. Evolution, classification and distribu-
tion of Graptoloidea and Graptodendroids. Scientia 
Sinica 17(2):227–238.



14 Treatise Online, number 85

Salter, J. W. 1858. On Graptopora, a new genus of Poly-
zoa allied to graptolites. Proceedings of the American 
Association for the Advancement of Science, 11th 
meeting, Part 2 (separate pagination), p. 63–66. 

Salter, J. W. 1866. Appendix. On the fossils of North 
Wales. In A. C. Ramsay, The Geology of North 
Wales. Memoirs of the Geological Survey of Great 
Britain, and of the Museum of Practical Geology in 
London. p. 239–351.

Sobolevskaya, R. F. 2011. Atlas of the Paleozoic Fauna 
of Taimyr. Part II. The Ordovician and Silurian 
graptolites. FGUP I.S. Gramberge VNII Okeangeo-
logia. 282 p. In Russian. ISBN 978-5-88994-096-8. 
Spjeldnaes, Nils. 1963. Some Upper Tremadocian 
graptolites from Norway. Palaeontology 6:121–131.

Størmer, Leif. 1933. Floating organ in Dictyonema. 
Norsk Geologisk Tidsskrift 13:102–112.

Stubblefield, C. J. 1929. Notes on some Early British 
Graptolites. Geological Magazine 66:268–285.

Wang Wenhui, Feng Hongzhen, Li Lixia, & Chen Wen-
jian. 2013. The Upper Tremadocian (Lower Ordovi-
cian) graptolite Ancoragraptus from Yiyang, South 
China. Journal of Paleontology 87(6):1129–1135.

Westergård, A. H. 1909. Studier öfver Dictyograptus-
skiffern och dess gränslager med särskild hänsyn till 
I Skåne förekommande bildningar. Meddelande från 
Lunds Geologiska Fältklubb (Serie B) 4:1–79, 5 pl.

Williams, S. H., & R. K. Stevens. 1991. Late Tremadoc 
graptolites from western Newfoundland. Palaeontol-
ogy 34:1–47. 

Zhao, Xianglin, & Shunxin Zhang. 1985. Reclined 
graptolites of the Xinchangian. Journal of Changc-
hun College of Geology 2(40):13–26, 4 pl.

Murchison, R. I. 1839. The Silurian System. John Mur-
ray. London. 768 p.

Nicholson, H. A. 1868. The graptolites of the Skiddaw 
Series. Quarterly Journal of the Geological Society 
24:125–145.

Obut, A. T., & R. F. Sobolevskaya. 1962. Problemi 
neftegazonosti Sovjetskoj Arktiki: Paleontologija 
i biostratigrafija: Graptoliti rannego Ordovika na 
Taimyre. Trudy Nautshno Issledowatelskogo Instituta 
Geologii, arktiki 127(3):65–96, 5 pl. In Russian.

Parmasto, Erast. 1978. The genus Dictyonema (‘Thele-
phorolichenes’). Nova Hedwigia 29:99–144.

Pritchard, G. B. 1892. On a new species of Graptoli-
tidae (Temnograptus magnificus). Proceedings of the 
Royal Society of Victoria (new series)4:56–58.

Rickards, R. B. 1975. Palaeoecology of the Grapto-
lithina, an extinct class of the phylum Hemichordata. 
Biological reviews 50:397–436.

Rickards, R. B. 1996. The graptolite nema: Problem to 
all our solutions. Geological Magazine 133(3):343–
346.

Rickards, R. B., M. A. Hamedi, & A. J. Wright. 1994. 
A new Arenig (Ordovician) graptolite fauna from 
the Kerman District, east-central Iran. Geological 
magazine 131(1):35–42.

Ruedemann, Rudolf. 1904. Graptolites of New York, 
Part 1. Graptolites of the Lower beds. New York State 
Museum Memoir 7:455–803.

Ruedemann, Rudolf. 1937. A new North American 
graptolite faunule. American Journal of Science 
33:57–62.

Ruedemann, Rudolf. 1947. Graptolites of North Ameri-
ca. Geological Society of America Memoir 19:1–652.


