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The type species of Dictyonema is D. retiforme Hall, 1851 from the Middle Silurian Rochester Shale of
New York. Although incomplete, the type specimen probably belongs to the benthic group of dendroid
graptolites which ranged from the Late Cambrian to early Late Carboniferous. It is proposed that the
planktie, near-cosmopolitan 'Dictyonema' flabelliforme is phylogenetically quite distinct and belongs to
the unattached coni-siculate dendroid family Anisograptidae Bulman, with Radiograptu.s Bulman as
probable ancestor. The Anisograptidae are not directly related to the benthic dendroid family Dendw
graptidae Roemer, of which Dictyonema is a member,although they may be indirectly descended from it.
The planktic species 'Dictyonema' flabelliforme is revised and referred to the genus Rhabdinopora
Eichwald, 1855. 'Dictyonema' norvegicum Kjerulf and 'D' graptolithinum Kjerulf are regarded as junior
synonyms of Rhabdinopora flabelliformis (Eichwald).
The coni-siculate planktic family Anisograptidae is reorganized into three subfamilies. The Anisograp
tinae n. subfam. includes essentially horizontal pauci- or non-dissepimentous genera (Radiograptu.s,
Staurograptu.s, Anisograptu.s, Adelograptu.s, Aletograptu.s, Triograptu.s and Kiaerograptu.s); the Rhabdino
porinae n. subfam. includes pendent conical genera (Rhabdinopora, Bryograptu.s and doubtfully Sageno
graptu.s); and the (possibly polyphyletic) Clonograptinae n. subfam. includes horizontal forms principally
developing from a single dicalycal bud of thl1 (Cionograptu.s, Temnograptu.s, ?Stel/atograptu.s).
B.-D. Erdtmann, Geo/ogicai-Paleontologica/ Institute, Go/dschmidt Strasse
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Radiograptus have not yet been found except at
two or three of the ca. 130 localities from where

Rhabdinopora flabelliformis has been reported

et al. 1981), the San Juan Province of Argentina
(Furque & Cuerda 1979), and in various slope

facies sections of China. It is, therefore, to be

(Erdtmann 1982a). This apparent restriction in

expected that more Radiograptus specimens will

occurrence may be due to the special slope envi

be found from homotaxial and other cold-water

ronment that prevailed adjacent to a carbonate

environments around the Baltic Shield (a first

shelf along the eastern margin of the North

occurrence from Finnmark, northern Norway is

American continent in the Late Cambrian. Simi

discussed below) and similar settings elsewhere.

lar environments may also have existed along the

Another matter to be discussed and for which

northwestern margin of North America (Dean

a solution will be proposed in this paper is the

1978, Ludvigsen 1982), Kazakhstan (Appolonov

long-standing dispute over taxonomical concepts
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and morphological interpretations involving both
the general classification of the genus Dictyon

Eichwald (1855 and seq.) to defineR. flabellifor
mis, the central form being discussed herein as a

ema Hall, 1851 and its 'illegitimate scion', Rhab
dinopora (formerly Dictyonema) flabelliformis.

type for the fully coni-siculate new subfamily

The intricate history of this dispute becomes ob

justification for the neotype generic name Rhab

vious when reading the synonymy lists of Bulman

dinopora are given in Erdtmann (1982b, in

(1927, p. 7-8 and 12-13) and of Obut (1953, p.

press).

Rhabdinoporinae. A more detailed history and

34-35, 36, 40-41). It was originally included with

Recently this present author made an attempt

the alcyonarian coral genus Gorgonia by Eich

at listing all hitherto described species, subspe

wald (1840), and also by Hall in 1843, but later

cies and varieties which had previously been at

transferred to the bryozoån Fenestella by the first

tributed to the genus Dictyonema s.l. (sensu Bul

author in 1854, and then placed into a new bryo

man, 1970, p. V38-V39). This list, which does

zoan genus Rhabdinopora by Eichwald in 1855.

not claim to be comprehensive, now contains 232

F. Schmidt (1858) and F. Roemer (1859) finally

species and lower taxa, of which approximately

united Rhabdinopora flabelliformis with the ge

140 are definitely benthic and ca. 80 are planktic

nus Dictyonema, the latter at that time generally

taxa, most of the latter originating from Trema

representing Silurian benthic forms

(D. reti
forme). Salter (1858) introduced the junior syn
onym Graptopora (G. socialis), and in 1875,

doc

strata.

The

Rhabdinopora flabelliformis

group includes 26 names, 4 of which are certainly
synonyms according to existing literature, and

Hopkinson & Lapworth noted that the name

several others which are suspected of being syn

Dictyonema was preoccupied by a plant, and
proposed the name Dictyograptus to replace Dic
tyonema J. Hall, 1851. Bulman (1927, p. 11)
reinstated Dictyonema due to independence of

onyms or preservational variants of other taxa.
In my opinion, this apparent diversity has more
to do with the difficulties that taxonomists expe
rience in dealing with material that is so easily

botanical and zoological nomenclature and re

and obviously deformed than with any true phy

jected Dictyograptus, a name that bad only

logenetic diversity. Due to their complex mor

found occasional application, mostly in Scandi

phology and structural instability, dictyonemid

navia. Also, Dictyonema was the oldest name

and rhabdinoporinid rhabdosomes tend to offer a

associated directly with the recognition of the

plethora of variation ranging from juvenile dis

graptolitic nature of these cone-shaped rhabdo

coidal 'Staurograptus' and open-meshed 'Radio

somes. Other junior synonyms were Phyllo
grapta introduced by Angelin in 1854 (without
description or discussion), Damesograptus by
Jahn (1892) and Dictyodendron by Westergård

graptus' to (bogus) apertural dissepimentous
forms of Airograptus and octagonal nets of Sa
genograptus. In many of the dictyonemid and

(1909), the latter to separate benthic forms from

distinguish between variation of original three

the planktic species belonging to Dictyograptus.
Due to its phonetic semblence to Dictyonema,

pre-burial (ecological) and post-mortem (distor

rhabdinoporinid taxa it is virtually impossible to
dimensional form and all fossil variants due to

the name Dictyograptus would appear preferable

tional) effects on the original rhabdosome mor

to Rhabdinopora or Graptopora. Moreover, as

phology. Moreover, amongst the 232 combined

previously discussed by Lundgren (1894), Mo

dictyonemid and rhabdinoporinid taxa (all until

berg (1894) and Tornquist (1894), the latter two

now called Dictyonema) there are many species

names have the endings "-pora" which relate to a

which were defined without their proximal ends

bryozoan rather than to graptolite affinity. Al
though Dictyograptus represents one of the latest

being known or without their conical (three-di
mensional) rather than flabellate (two-dimen

synonyms, it possesses a certain justification by

sional) morphology having been distinguished.

the fact of having been applied in approximately

The attached stem-bearing or free coni-siculate

ten publications, mostly by Scandinavian and

nature of the proximal end, however, decides the

Czech authors between 1882 (Brogger) and 1926

assignment to either Dictyonema or Rhabdino

(Koliha). On the other hand, the present author

pora, and flabellate forms (often difficult to dis

at this time gives preference to Rhabdinopora,

tinguish from compressed cones!) would have to

because this generic name is the oldest legal

belong to the genus Ptiograptus (dissepimentous)

name (nomen oblitum) which would not require

or Bryograptus (if strictly non-dissepimentous).

a lengthy procedure to apply to the ICZN for

The taxonomic problems surrounding the use

adoption. Also, Rhabdinopora was applied by

of 'Dictyonema' became gradually more appar-
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ent with the advancement of various techniques
to study and elucidate the rhabdosome morpho
logy and structure of this group (Holm 1881,
Wiman 1897, Bulman 1925, 1927, 1928, 1934,
1949, Legrand, 1974). Bulman himself (1967b,
Foreword) stated: 'To resume work on this
Monograph (on "British Dendroid Graptolites")
became virtually impossible after the publication
of Kozlowki's "Informations preliminaires . . . "
in 1938: our understanding of the morphology of
the Dendroidea had been dramatically revised
and their basic terminology radically altered.'
Three-dimensionally preserved material is obvi
ously superior to flattened material, and it was
the study of isolated material that led Holm,
Wiman, Kozlowski and Bulman to such great
knowledge of the structural development, physi
ology and evolution of dendroid (and especially
rhabdinoporinid) graptolites. Such material is
very rare, however, and almost all taxa of rhab
dinoporinid graptolites have been established on
comparatively rather inferior flattened and non
isolatable material. Although it appears very
cumbersome to deal with such compressed mate
rial, a careful analysis of the few characters
which are not affected by distortion, or recon
struction of distorted material, can lead to a
sound morphological redefinition of dictyonemid
and rhabdinoporinid taxa and consequently to
improved application in biostratigraphy and pa
leoecology.

Class Graptolithinia Bronn, 1849
Order Dendroidea Nicholson, 1872
Family DENDROGRAIYnDAE Roemer in Frech, 1897

Genus Dictyonema Hall, 1851

Type species.- Dictyonema retiforme (Hall,
1843).

Lectotype: New York State Museum No. I 7112
from Rochester Shale (M. Wenlock, Silurian) of
Lockport, N.Y., illustrated by Ruedemann 1908,
pl. 3, fig. l, text-fig. 64; Ruedemann 1947, pl. 7,
fig. 14; this paper, pl. l, fig. l. Syntype (with
complete proximal portion): Illustrated by Hall
1865, p. 12, Fig. 10.
Diagnosis. -

Rhabdosome conical (mature distal
portions of cones may tend to become discoidal),
attached to substrate at apex by cortical disc or
fibrous holdfasts, with thecate or non-thecate

NORSK GEOLOGISK TIDSSKR!Fr 2 (1982)

stem or rarely attached by prosicular disk; four
or rarely three primary stipes, dichotomous,
stipes straight, subparallel to parallel, united by
transverse dissepiments, anastomosis rare; au
tothecae denticulate, commonly spined, rarely
tubular and isolate; bithecae normally inconspic
uous.
Stratigraphic range. - Upper Cambrian (Fran
conian)- Carboniferous (Namurian).

- Approximately 140 species have
been described, whose sessile mode of life is
reasonably certain. It must be emphasized, how
ever, that many of these species, including the
type species (Pl. l, fig. 1), are only described and
illustrated from incomplete rhabdosomes with
out proximal portions. Often, such forms must
be regarded as having been attached by their
proximal ends, either because they are common
ly found with other dendroid species whose ses
sile benthic nature is secure, or because of the
synecological situation in general.
Emphasis is to be given to the direct benthic
attachment of these forms, either by cortical disc
encrustation on firm substrates, or by active pen
etration of fibrous holdfast structures in soft sub
strates. Pseudoplanktic attachment by means of
bundled nematic fibres, such as temporarily (in
juvenile forms?) applied by some Anisograptidae
(Rhabdinopora flabelliformis, Bryograptus) and
possibly by some Graptoloidea is not here con
sidered as a characteristic and common life form
of this genus.
Except for the demonstrable or inferred
benthic attachment structures, Dictyonema could
be regarded a senior homeomorph of Rhabdino
pora Eichwald, 1855. Rhabdinopora, including
its numerous species and varieties (mostly Tre
madoc in age), being descendent from the first
siculate anisograptid genus Radiograptus, there
fore belongs to the family Anisograptidae (Text
fig. 1). It is possible that Dictyonema always
possesses four primary stipes, although this can
not be fully confirmed; certainly in the more
primitive Anisograptidae (such as Radiograptus,
Staurograptus, Aletograptus, and Rhabdino
pora), the number of primary stipes varies from
three to four.
By analogy with the modern-day sessile Rhab
dopleura, it is believed that the larva! zooids of
Dictyonema were free-floating or nektic prior to
the prosicula stage (Kozlowski 1971, Rickards
1975), although an unattached larva! existence
Remarks.

Tremadoc dendroid graptolites
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prior to sclerotization of the prosicula may have
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lei manner which are usually united by transverse

been possible (Rickards 1975, p. 4 1 1 ) . As ex

dissepiments; autothecae and bithecae usually

plained and illustrated by Rickards (1975, text

simple or the former denticulate and the latter

figs. 30-32), the prosicula probably attached it

reduced and partially absent in some, stolonal

self during its conversion stage to a metasicula by

chains dorsal, superficial.

means of a cauda! extrusion of tissue which pene
trated the apex of the prosicula. It is here pro

Stratigraphic range. - Uppermost Cambrian (Up

posed that neoteny of such a mature prosicular

per Trempealeau) - Lower Ordovician (Trema

larva may have produced small four-stiped, sicu

doc); ? Ordovician (Nemagraptus gracilis Zone).

late and nematophorous Staurograptus-like indi
viduals from Dictyonema (Text-Fig.

l)

or other

Remarks. - The above definition is emended

dendrograptids by failure or omission of cauda!

from Bulman's ( 1970) diagnosis to include the

penetration and subsequent attachment to a sub

secondarily

strate. Such detached individuals may also have

group of siculate 'dictyonemids' (Rhabdinopora

failed, at least initially, to produce a parachute

- see below).

cone-shaped

and

dissepimentous

or umbrella-like cone, and the stipe-intercon
necting dissepiments resulting in the 'experimen
tal', fully planktic Radiograptus from which the
successful radiation of planktic dendroids then
commenced (Text-Fig. 1 ) . This model for the
origin of the planktic Anisograptidae is support
ed by the occurrence of nematophorous small
staurograptid individuals together with the first
occurrences of discoidal Radiograptus (Fortey et
al. 1982, see also Pl. l, fig. 2 herein). The subse
quent homeomorphic re-development of conical

Rhabdinopora is believed to have been linked
with a habitat extension toward full pelagic life.

Rhabdinopora may have utilized a pseudoplank
tic re-attachment of its juvenile growth stages to
floating algae or other objects, as indicated by
forms possessing nematic sheafs or secondary
fibres (Bulman 1 929, fig.

l;

1964, fig. 7; 197 1 ,

fig. l b ; 1972, figs. 1-3 ; Cooper & Stewart 1979,
pl. 102, fig. 9).
If, in effect, this proposed model of the evolu
tion of Rhabdinopora via nematic larvae of Dic

tyonema and horizontal intermediate forms (Ra
diograptus) is correct, the astogenetic develop
ment of Rhabdinopora visa Staurograptus-like
juveniles (Bulman 1950) and broad conical non
dissepimentous adolescents (Cooper & Stewart's

1979 : 'Dictyonema' ? enigma) may reflect an ex
ample of Haeckel's biogenetic law.

Family ANISOGRAPTIDAE Bulman, 1950

Subfam. ANISOGRAPTIDAE n. subfam.
Diagnosis. - As for family, but presumed life
position of rhabdosome always horizontal or only
slightly pendent conical (low conicality), configu
ration of branches, quadriradiate, triradiate or
bilateral; branching usually dichotomous, rarely
lateral; stipes with typical dendroid structure,
straight, diverging, rarely connected by dissepi
ments; autothecae and bithecae characteristically
simple, the latter reduced and partially absent in
some.

Stratigraphic range. - Uppermost Cambrian (Up
per Trempealeau) - L. Ordovician (Tremadoc),
? U. Ordovician (Nemagraptus gracilis Zone).

Remarks. - This subfamily includes the following
genera:

Anisograptus Ruedemann, 1937
Radiograptus Bulman, 1950
Staurograptus Emmons, 1855
Aletograptus Obut & Sobolevskaya, 1962
Adelograptus Bulman, 1941
Triograptus Monsen, 1925
Kiaerograptus Spjeldnæs, 1963
Genera doubtfully included:

Psigraptus Jackson, 1 967
Calyxdendrum Kozlowski, 1960
This subfamily consists of the characteristic hori

Diagnosis. - Rhabdosome free coni-siculate, in

zontal or subhorizontal anisograptid genera. The

cluding mature stages, pendent conical to hori

taxonomic affinities of the minute pendent Ca

zontal or rarely reclined in life position, quadri

lyxdendrum, which has only been described from

radiate, triradiate or bilateral; branching usually

erratic material (Upper Ordovician Nemagraptus

dichotomous, rarely lateral; stipes with typical

gracilis Zone) of Poland (.Kozlowski 1960), and

dendtoid

the "middle" Tremadoc reclined Psigraptus are

stucture,

straight,

diverging or ar

ranged as pendent cones in parallel or subparal-

uncertain.
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specimens were recovered from a c. 165 cm inter

Genus Radiograptus Bulman, 1950

val of a 7 m thick mud-sequence between two

Bulman

Iimestone breccia beds called B-2 (oldest) and B

Tremadoc silty mica

ontories of Broom Point. Both a morphogenetic

Type species. - Radiograptus roserianus

1950, p. 89-90, pl. 6, figs. 1-3, Text-Fig. 8. All
material from Lower

(?)

ceous, slightly metamorphosed and folded black
shales at Cap de Rosiers, Gaspe Peninsula, Que
bec, Canada.

Diagnosis.

2 (1982)

l (youngest), at the southern and northern prom

cycle of
Iated to

Radiograptus and transitional forms re
Rhabdinopora flabelliformis are record

ed and discussed by Fortey et al. (1982) from
within a 7 m mudrock sequence encumbered by

- Rhabdosome quadri- or triradiate,

the B-2 breccia containing the earliest Canadian

dichotomous with fairly straight stipes which are

trilobite Missisquoia typicalis and B-1 with Sym
physurina brevispicata and Hystricurus millar
densis.

occasionally connected by thin dissepiments, or

According to Fortey and observations made by

are non-dissepimentous; autothecae slightly den

the present author in 1981, the stratigraphically

i.e. initial branches deriving from quadricalycal

stolonal budding of the sicular zooid; branching

ticulate, bithecae normally inconspicuous.

Stratigraphic range.

-Late Cambrian (post Late

Trempealeauan or Early Canadian).

Remarks.

- The genus

Radiograptus

Iowest occurrence of

Radiograptus is from a hori

zon 35 cm above the B-2 breccia at Broom Point

was initially

recognized by Lapworth (unpublished manu

South. It contains only discoidally expanded
rhabdosomes of the type of R. roserianus Bul
man, 1950 (PI. l, figs. 2, 4). All material from
this horizon shows a very thin sclerotization of
periderm which may imply morphogenetic "im

script) and described by Bulman (1950) from

maturity" or an early developmental stage ·of

Cap de Rosiers on the eastern tip of Gaspe Pen

Radiograptus.

insula in Quebec. At this locality it occurs in
probable bedding plane association with

graptus patens

Bryo

Matthew, 1892 (which may be a

broad-conical variant of

Radiograptus roserianus

Bulman, 1950; see below) and in yet uncertain
stratigraphic

relationship with Rhabdinopora
canadensis, Anisograptus matanensis, and A. ri
chardsoni.
Two new forms of Radiograptus have been
described recently: R. nelumbifolius Lin, 1979

The next horizon, 120 cm above

the B-2 breccia, only contains small 3- and 4branched

young

Staurograptus.

specimens,

very

similar

to

The next horizon, 200 cm above

B-2, reveals few discoidal forms of

Radiograptus,

but more characteristically open-conical forms
similar to

'Bryograptus patens'

as figured by Bul

man (1950, p. 6, figs. 3, 4), Fortey et al. (1982,
pl. figs. 2, 4) and this paper (PI. l, fig. 3). It is

noteworthy that the open-conical forms seem to
possess very few dissepiments or none at all,

from the base of the Guotang Formation at

which probably allows for alternative preserva

China, and

somes. Only 40 cm above this horizon (240 cm

Sandu in the Guizhou Province of Southcentral

R. roserianus flexibilis

Fortey et al.

1982 from at )east three different Iocalities near

Cow Head in western Newfoundland (Fortey

§

Skevington 1980). Both forms are provisionally
considered to be synonymous with

R. roserianus.

tion as discoidally or axially embedded rhabdo

above the B-2 breccia), several bedding planes

occur which contain exclusively fully dependent

forms

(i.e.

axially

preserved

rhabdosomes).

These latter forms are small, acute-angled cones

Most significant to a discussion of phylogenetic

with few or no detectable dissepiments. These

relationships and to its stratigraphic and environ

forms are very similar to those recorded as

mental implications are the occurrences of Ra
diograptus within a continental slope sequence at

as

'?Dictyonema n.sp.' (and described in this paper
Rhabdinopora ? praeparabola n.sp.) from the

various localities along the coastal cliffs of west

Nærsnes road-section near Oslo, Norway by Bru

central Newfoundland. The allochthonous Cow

tan et al. (1982). As at Nærsnes, these forms are

Head Group (Fortey & Skevington 1980, Fortey

transient between

Radiograptus and Rhabdino
Rhabdinopora parabola by

et al. 1982) represents a mixed autochthonous

pora,

mud-rock and carbonate lithotope with turbiditic

only a short interval (30 cm a Nærsnes and 140

fan deposits of allodapic limestone breccias, the

cm at Broom Point South).

and precede

latter decreasing in thickness and proportion

The above observations confirm Fortey's (in

southward from the Cow Head Peninsula (Erdt

Fortey et al. 1982) phylogenetic model which

mann 1971, Hubert et al. 1977).

states that

Radiograptus

Radiograptus,

probably derived from
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a sessile dendrograptid ancestor by neotenous
development from a planktic larva of the stout
benthic type of true

Dictyonema.

During its rap

id radiation and evolution, the neotenous discoi
dal morphology of

Radiograptu.s
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'experimented'

Radiograptus roserianus Bulman,
1950
Plate l, figs. 2-5.
O 1950

Radiograptu.s roserianu.s Bulman, p. 89Radiograptu.s nelumbi

with two simultaneous lineages: one developed

90, pl. 6, figs. 1-3.0 1979

Lin, Mu, Ge, Chen, Ni & Lin, p. 29-30,

by failure to construct dissepiments, leading to

foliu.s

the true

pl. 9, figs. 1-2.0 1980

bly

Bulman, Fortey & Skevington, p. 386-387, Fig.

Staurograptu.s, Anisograptu.s and possi
Clonograptu.s tenellu.s groups, and the other

Radiograptu.s roserianu.s

by morphological convergence along ancestral

2.0 1982

pattems leading to the ·para-homeomorphs of

tey, Landing & Skevington; p.l04, pl. l, figs. 1-

benthic Dictyonema as seen in the Rhabdino
pora-Bryograptu.s lineage (Text-fig. 1).

3, 11, 12, text-fig. 5.

As stated by Fortey et al. 1982, most forms of

Radiograptu.s

possess four primary stipes, but

some specimens appear to be ambiguous in this
respect, especially subconical dependently pre
served forms. In these, the fourth stipe tends to
become obscured by matrix. On the other hand,
all genera and species among the Rhabdinopor
inae are polymorphic with respect to suppression
or addition of heterocalycy of sicular budding.
It is important to point out that

Radiograptus,

with its development from subhorizontal to sub
conical habit as outlined by Fortey et al. 1982
and illustrated in Text-fig. l, establishes a quite
powerful precursor lineage to both

pora

Rhabdino

and its dependent successors and to the

horizontal Anisograptidae which dominate in
Late Tremadocian sequences. Also, if

graptu.s is accepted as immediate
Rhabdinopora, Kirk's (1974) model

Radiograptu.s roserianu.s flexibilis

Holotype.

For

- Geo!. Surv. of Canada, No. 9871,

illustrated by Bulman (1950, pl. 6, figs. 1-2) from
Lower Tremadoc (?) of Cap de Rosiers, Gaspe,
Quebec, Canada.

Material.

- 3 specimens from B-2 + 35 cm at

Broom Point South, western Newfoundland
l specimen from B-1-1100 cm at Broom Point

North, western Newfoundland
l specimen from shaly interbed of Bed 8, Point

of Head, Cow Head Peninsula (Kindle & Whit
tington 1958, fig. 3)
l specimen (?) from Loe. 68, Berlogaissa Fm.,

Perledalen, Digermul Peninsula, Finnmark, Nor
way.

Radio
- Horizontal,

subhorizontal and

ancestor to

Description.

of the origin

subconical (stereosymmetric) rhabdosomes con

from

sisting of 3 or 4 primary stipes. Angles between

by adolescent atrophy of at

primary stipes ca. 90° to 120° respectively for 4-

tachment structures would be invalid. Instead, it

or 3-stiped rhabdosomes. Maximum diameter of

appears more suggestive that Radiograptu.s de
veloped by neotenous growth of a planktic
'staurograptid' juvenile form as shown in Text

horizontal or subconical forms ca. 40 mm. The
sicula is an apically blunted cone 1.2 mm long,
two specimens (Pl. l, figs. 2-3) bearing a 7.0 mm

of

planktic

benthic

graptolites

Dictyonema

as

descending

fig. l and originally proposed by Fortey et al.

long nema. The stipes are flexuous, especially

(1982). If this development was monophyletic,

the distal ones, width in profile view 0.3 mm at

the biostratigraphic implications are that occur

prothecal portions and 0.5 mm at thecal aper

rences of

tures, and between 0.4 mm and 0.3 mm from

Rhabdinopora flabelliformis

and kin

dred forms could not predate (but potentially

proximal to distal stipes in scalariform view.

postdate) first occurrences of siculate

Rhabdino

Stipes attain 3rd or 4th order of dichotomous

pora in other sections elsewhere. This would fur
ther strengthen the significant role of Rhabdino
pora in the context of worldwide indication of

bifurcation. Dissepiments, 0.08-0.1 mm wide,
more frequent in (stratigraphically older) hori
zontal forms, where they occur mostly in the

earliest Ordovician age (Fortey & Skevington

distal part of the rhabdosome. Autothecae ca.

1980, Erdtmann 1982a).

1.8 mm long, gently curved with simple, non
denticulate apertures, numbering 10 to 11 in 10
mm (the Norwegian specimen is subconically
preserved, explaining its high thecal count of 18
in 10 mm and short autothecal length of 1.2 mm).
Bithecae are only seen in one specimen (Pl. l,
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3),

where they appear to be present only on

triradiate or bilateral; stipes straight or slightly
sinuous, parallel or subparallel, usually connect

the most distal thecae.

ed by transverse dissepiments, anastomosis rare;
Remarks.- Although done with some hesitation,

autothecae denticulate or simple, bithecae nor

it appears more practical at the present state of

mally inconspicuous but present throughout en

knowledge to synonymize all hitherto described

tire rhabdosome.

species

and

subspecies

Radiograptus.

of

As

pointed out by Fortey et al. 1982, variability with
respect to

3 or 4 primary stipes,

number of bifur

cation orders, rigidity (or flexibility) of terminal
stipes, and of degree of conicality is very great,
and therefore should not determine taxonomic
subdivision. The relation of Bryograptus patens
as being merely a more conical morph is, howev
er, provisional because the stratigraphical rela
tion of the latter to Radiograptus is not yet suffi

Stratigraphic range.- Ordovician (mainly Trema
doc) - ?Silurian.
Remarks. - This subfamily includes the following
genera:
Rhabdinopora Eichwald, 1855
Bryograptus Lapworth, 1880
Doubtfully included:
Sagenograptus Obut & Sobolevskaya, 1962

ciently understood in the type areas of both. On

This subfamily includes the siculate planktic 'dic

the other hand, stipe and thecal morphologies

tyonemids' whose descent from Radiograptus is

and thecal spacings are virtually identical be

inferred. Most of the approximately 80 species

tween horizontal morphs of Radiograptus roser

and subspecies belonging to this group are of

ianus and Bryograptus palens; only dissepiments

Tremadoc or Lower Ordovician age. Silurian

have never been noted in the latter.

planktic Rhabdinopora are not definitely known.

A different problem arises, however, by relat
ing the virtually identical morphologies of Radio

Sagenograptus

(S.

gagarini) is known only from

proximally incomplete material of Late Trema

graptus and Staurograptus, and of the latter to

doc age from Taymyr in northernmost Siberia.

Anisograptus (see Erdtmann & Comeau 1980).

This form may be horizontal distally and is possi

Small "staurograptid" specimens are found to

bly related to 'Dictyonema' (new genus) macgil

gether with Radiograptus (Fortey et al. 1982) in

livrayi T. S. Hall (see below). Although a stereo

the western Newfoundland sections, with Rhab

symmetric shape may have been possible for

dinopora parabola and R. flabelliformis (Ruede

stiped individuals of Bryograptus, its descent

3-

mann 1904, Bulman 1954) at various localities,

from Rhabdinopora is not clear (Text-fig. l and

with Rhabdinopora canadensis (Bulman 1950) at

Bulman 1941, p. 104; 1971, p. 361).

Matane in Quebec, with R. scitula (Cooper &
Stewart 1979) at Lancefield, Victoria in Austra
lia, and even with Anisograptus at several local
ities (Cooper & Stewart 1979, Bulman 1950,
1954, Erdtmann & Comeau 1980). It is suggest
ed, therefore, that most young rhabdosomes of
'Staurograptus' (to about 8 terminal stipes) may
represent indeterminable juvenile growth stages
of any species belonging to the 4-primary-stiped
Rhabdinoporinae or Anisograptinae (Text-fig.
1). Bulman (1970, p. V41) has already remarked
that it is possible that Staurograptus represents
juvenile stages of Dictyonema (inc!. Rhabdino
pora), and that this genus might not have any
validity.

Genus Rhabdinopora Eichwald,
1855
Type species. - Gorgonia flabelliformis Eich
wald, 1840, p. 207, not illustrated; 1842, p. 4547, pl. l, fig. 6; 1855, p. 454, from Lower (?)
Tremadoc brown bituminous shales (Tiirisalu
Member, OlpkT; Pakerort Stage) of Paldiski
('Baltischport'), Osmussaar ('Odinsholm' island)
and at Pulkowka River at Zarskoje near Lenin
grad (original Eichwald localities only listed
here).
Diagnosis. -

Rhabdosome

conical

(juvenile

stages may possess reduced conicality), coni-sicu

Subfamily RHABDJNOPORINAE

n.

late throughout all developmental stages, with or

subfam.

without proximal buoyancy structures; branching

Diagnosis.- As for family, but rhabdosomes are

dichotomous, diverging from tricalycal or quadri

always pendent conical (stereosymmetrical) or

calycal initial stolonal budding; stipes straight,

two-dimensional

without

subparallel to parallel, connected by transverse

quadriradiate,

dissepiments, anastomosis rare; autothecae den-

proximal

(bilateral),

buoyancy

with

structures;

or
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ticulate, commonly spined, bithecae normally in

R.
R.
R.
R.
R.

conspicuous.

Stratigraphic range.

-

Ordovician - Silurian ?

(mainly Tremadoc).

129

clarki (Bulman, 1950)
rustica (Bulman, 1950)
? enigma (Cooper & Stewart, 1979)
scitula (Harris & Keble, 1928)
wutingshanensis (Mu, 1955)

- It is at present premature to list all

There are approximately 50 additional species

species and/or subspecies that should be included

and subspecies which, if possessing a nemato

with the genus

phorous sicula, could be regarded as belonging

Remarks.

Rhabdinopora. In general terms it

may be stated that those subspecies or varieties
which are ascribed to
should belong to

'Dictyonema' flabelliforme
Rhabdinopora sensu stricto.

The exception may be subspecies which turn out

to

Rhabdinopora. The relationship of 'Dictyon
ema' murrayi Hall, 1865, 'D.' grande Nicholson,
1873, 'D.' pulchellum T. S. Hall, 1899, and 'D.'
yaconense Turner, 1960 to Rhabdinopora is still

to be benthic forms. These would then have to be

unclear (Erdtmann & VandenBerg, in press).

removed back to

Sagenograptus

Dictyonema (D. 'f/abelliforme'
intermedium Prantl & Pfibyl, 1950, D, 'flab.'
kulumbeense Obut & Sobolevskaya, 1967, D.
'f/ab. ' regulare Lee & Chen, 1962, D. 'f/ab.'
liaotungense Mu, 1955 and D. 'f/ab.' orientale

Obut & Sobolevskaya, 1962 is

tentatively included with Rhabdinoporinae as
stated above and

'D.' macgillivrayi

(T. S. Hall,

1982) is now included with the new subfamiliy
Clonograptinae (see below).

Sun, 1935 are suspected to have been benthic).
The following list represents a few of the more
important species and subspecies which this au
thor considers to betong to

Rhabdinopora,

al

though their status as independent species (or
subspecies or synonyms of

R. flabelliformis or

of

Rhabdinopora flabelliformis
(Eichwald, 1840)
Text-figs. 2, 3; Plate 2, figs. 3-9.

other forms) will have to be established at a later

1840 Impressio plantae Monocotyledoneae, Hi

date:

singer, p. 5, pl. 38, fig. 9. D 1840

R. flabelliformis s.l. (Eichwald, 1840)
R. flabelliformis anglica (Bulman, 1927)
R. flabelliformis belgica (Bulman, 1972)
R. flab�lliformis bryograptoides (Bulman,
1954)

R. flabelliformis

desmograptoides

(Hahn,

1912)

R. flabelliformis famatinensis (Turner, 1960)
R. flabelliformis multithecata (Bulman, 1954)
R. flabelliformis parabola (Bulman, 1954)
R. flabelliformis patula (Bulman & Rushton,
1973)

R. flabelliformis polonica (Tomczyk, 1962)
R. flabelliformis ruedemanni (Hahn, 1912)
R. flabelliformis socialis (Salter, 1858)
R. socialis incommodus (Legrand, 1973)
R. socialis nilii (Legrand, 1973)
R. socialis mehaigueni (Legrand, 1973)
R. socialis praeafricana (Legrand, 1973)
R. rossica (Obut, 1953)
R. alichovae (Obut, 1953)
R. bu/mani (Ruedemann, 1947)
R. approximata (Ruedemann, 1947)
R. coloradoensis (Ruedemann, 1947)
R. cristata (Bulman, 1950)
R. cyathiformis (Bulman, 1950)
R. canadensis (Bulman, 1950)

Gorgonia fla
belliformis Eichwald, p. 207. D 1840 Gorgonia
flabelliformis Eichwald, p. 220. D 1842 Gorgonia
f/abelliformis Eichwald, p. 45-47, pl. l, fig. 6. D
1854 Fenestella (Gorgonia) flabelliformis: Eich
wald, p. 6. D 1854 Phyllograpta, Angelin, V. l,
p. IV. D 1855 Rhabdinopora flabelliformis (Eich
wald): Eichwald, p. 454 D 1858 Dictyonema fla
belliformis (Eichwald): Schmidt, p. 44. D 1859
Dictyonema flabelliformis (Eichwald): Roemer,
p. 559. D 1860 Dictyonema Hisingeri Goeppert
(pars), p. 455-458, pl. 45, figs. 3, 4, pl. 36, figs.
4, 6--9, 10?; (non pl. 36, figs. 2c, 5, 11?). D 1860
Rhabdinopora flabelliformis (Eichwald): Eich
wald, p. 369. D 1865 Dictyonema flabelliforme
(Eichwald): Tornquist, p. 22, pl. l, fig. 14. D

Dictyonema

(Hall)

norvegicum

(Eichw.): Kjer

ulf, p. l, figs. l non figs. 2, 3. D 1865

Dictyonema
graptolithinum Kjerulf, p. l, figs. 4,5. D 1882
Dictyonema flabelliforme (Eichwald): Schmidt,
v. 38, p. 517. D 1882 Dictyograptus flabelliformis
(Eichwald) form. typica Brogger, p. 31-36, pl.
12, figs. 17-19. D 1882 Dictyograptus flabellifor
mis (Eichwald) mut. norvegica, Brogger, p. 36.
D 1882 Dictyonema flabelliforme (Eichwald):
Tull berg, p. 20, pl. 3, figs, 1-4. D 1890 Dictyon
ema flabelliforme (Eichwald): Moberg, p. l. D
1891 Dictyonema flabelliforme (Eichwald): Mat-
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thew, p. 339. O 1892
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Dictyonema flabelliforme

(Eichwald): Matthew, p. 34, pl. 12, figs. 1-3b. O
1895

Dictyonema flabelliforme

(Eichwald): Wi

man, p. 55, pl. 10, figs. 13, 14. O 1895

ema flabelliforme

Dictyon

(Eichwald): Matthew, p. 272,

pl. 49, figs. l, 2. O 1896 Dictyonema flabelli
forme (Eichwald): Wiman, p. 245. O 1897 Dic
tyonema flabelliforme (Eichwald): Frech, p. 572,
pl. 2, fig. 3. O 1902 Dictyonema Websteri Ami, p.
218. O 1903 Dictyonema flabelliforme (Eich
wald): Ruedemann, p. 934. O 1904 Dictyonema
flabelliforme (Eichwald): Ruedemann, p. 599,
pl. l, figs. 1-22, text-figs. 26, 27. O 1906 Dictyo
graptus flabelliformis (Eichwald): Moberg & Se
gerberg, p. 59, pl. l, fig. 6. O 1909 Dictyonema
flabelliformis (Eichwald): Grabau & Shimer, p.
24, fig. 32. O 1909 Dictyonema flabelliforme
(Eichwald): Fraipont, p. 191. O 1909 Dictyograp
tus flabelliformis (Eichwald): Westergård, p. 5759, pl. 3 figs. 1-6. O 1909 Dictyograptus flabelli
formis (Eichw.) var. norvegica Kjerulf, Wester
gård, p. 60-63, pl. 3, figs. 8, 9. O 1912 Dictyon
ema flabelliforme (Eichwald): Hahn, p. 135, pl.
20. O 1912 Dictyonema flabelliforme var. acadica
Matthew: Hahn, p. 137, pl. 20. O 1912 Dictyon
ema flabelliforme var. norwegica Matthew:
Hahn, p. 139, pl. 20. O 1922 Dictyograptus fla
belliformis (Eichwald): Poulsen, p. 6, fig. 2. O
1922 Dictyograptus flabelliformis (Eichwald):

2 (1982)

p. 159-160, pl. 2, figs. 22, 23. O 1947

Dictyonema
acadica Matthew:
Ruedemann, p. 160. O 1947 Dictyonema flabelli
forme (Eichwald) var. norvegica Kjerulf: Ruede
mann, p. 161-162, pl. 2, fig. 18. O 1949 Dictyon
ema flabelliforme (Eichwald): Bulman, p. 33-40,
text-figs. l, 4. O 1949 Dictyonema flabelliforme
typica: Lecompte, p. 5-8. O 1949 Dictyonema
flabelliforme var. norvegica: Lecompte, p. 6--8.
O 1950 Dictyonema flabelliforme forma typica:
Geukens, p. 163-169. O 1953 Dictyonema flabel
liforme (Eichwald): Obut, p. 36--40, pl. l, figs. l,
(Eichwald) var.

flabelliforme

2a; pl. 2, figs. l-4b; pl. 3, fig. 3; pl. 4, fig. 3a; pl.
5, figs. 3b-3d. O 1953

inum Kjerulf:

6, figs. l-4a. O 1954

flabelliforme

Dictyonema graptolith

Obut, p. 40-42, pl. 3, figs 2, 2a; pl.

Dictyonema flabelliforme

(Eichwald): Bulman, p. 14-17, pl.

2, figs. 1-5, text-figs. 4a-d. O 1954

flabelliforme norvegicum

Dictyonema

(Kjerulf): Bulman, p.

23-25, pl. 3, figs. 1-3, ?5; text-figs. 8a-d, ?e. O
1954

Dictyonema fl. forma typica (Salter): Geu
Dictyonema fl. cf. norvegica:
Geukens, p. 50. O 1960 Dictyonema flabelliforme
(Eichwald) cf. forma typica Brogger: Turner, p.
34-35, pl. 2, fig. l. O 1962 Dictyonema grapto
lithinum Kjerulf: Obut & Sobolevskaya, p. 73,
pl. l, fig. 3. O 1966a Dictyonema flabelliforme

kens, p. 47. O 1954

(Eichwald): Bulman, p. 407-411, text-figs. l, 2.
D 1966a

Dictyonema graptolithinum

Kjerulf:

StOrmer, p. 225--226, pl. 2, figs. l, 2. O 1925

Bulman, p. 411-412, text-fig. 3. O 1966b

Dictyonema flabelliformis (Eichwald): Bulman,
p. 50. O 1925 Dictyograptus flabelliformis (Eich

tyonema norvegicum

Dic

Kjerulf: Bulman, p. 289-

298, pl. 1-2, text-figs. 1-4. D 1972 Dictyonema
cf. flabelliforme (Eichwald): Bul

wald): Monsen, p. 156--157, pl. l, fig. l. O 1925

flabelliforme

Dictyograptus flabelliformis (Eichw.) var. norve
gica Kjerulf: Monsen, p. 156. O 1926 Dictyograp
tus flabelliformis (Eichwald): Koliha, p. 3, 14. O
1927 Dictyonema flabelliformis (Eichwald): De
broux, p. 203. O 1927 Dictyonema flabelliforme

man, p. 218, pl. l, fig. 5, text-fig. 6. O 1973

(Eichwald): Bulman, p. 12-26, pl. 2, figs. 3, 4;
text-figs. 13, 14. O 1928

forme

man, p. 29-30, pl. 2,

ema

?

Dictyonema flabelli
norvegica (Kjerulf): Bul
figs. 9-10. O 1931 Dictyon

(Eichwald) cf.

flabelliforme (Eichwald): Bulman, p. 17Dictyonema flabelliforme (Eichwald):

18. O 1933

Dictyonema

flabelliforme

aff.

flabelliforme

(Eichwald): Bulman & Rushton, p. 17-18, pl. l,
figs. 1-4; pl. 2, fig. 4, text-figs. 3e, g. O 1973

Dictyonema flabelliforme flabelliforme (Eich
wald) sensu Obut, 1953: Szymanski, p. 53, 86, pl.
15, figs. la-c. D 1973 Dictyonema flabelliforme
graptolithinum Kjerulf: Szymanski, p. 54-55, 8788, pl. 16, figs. la-c. O 1979 Dictyonema ex gr.
flabelliforme (Eichwald): Mu, Ge, Chen, Ni &
Lin, p. 24, pl. 4, fig. 4.

Stormer, p. 102-105, pl. l, text-fig. l. O 1934

Dictyonema flabelliforme (Eichwald): Ruede
Dictyonema flabelliforme

mann, p. 12. O 1934

Lectotype.-

Leningrad State University, No. 11

28/a2, from "Dictyonema Shale", near Tallinn,

(Eichwald): Schuchert & Dunbar, p. 40-44. O

Estonian SSR, designated by Obut 1953, p. 36--

1940

40, pl. l, fig. l, 2, 2a.

Dictyonema flabel/iforme (Eichwald) var.
norvegica (Kjerulf): Stormer, p. 164-165, 167168, pl. l, figs. l, 2, 9?, lO?. O 1940 Dictyonema
flabelliforme (Eichwald) forma typica Brogger:
Stormer, p. 165, 166, pl. l, fig. 5. O 1947 Dic
tyonema flabelliforme (Eichwald): Ruedemann,

Material.

- 26 Specimens as follows:

SM-A 16787: Bulman 1927, p. 24, 26 from
Absersoch Beds, Tremadoc, Carnarvonshire,
N. Wales

('graptolithinum'

type).
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OF RHABDINOPORA FLABELLIFORMIS
(sPIPcted bibliograpny)

1840: Gorgoni« fl•b,lliformis EICHWALD
l "A- 3" • U TtHI.-klc T1lhm. Eslon••. USSRl
GENERIC HOLQTYPE OF Dictyon•mo:

1852· Oictyonem;,

1855: Rhabdinopor« fl«brlliformis EICHWALD
l

(�A�JM"U. Trtmido<

retiforme

IRocNshr

Shalt,

Sessile

form

11

Sllurian

HALL
lockporl,

NY., USA)

�hnn. Estonia, USSR!

1882: Dictyogr•plul fl•b. mut. norv�ic•

BROGGER

Il Tr�, Oslo, Norw•yl

1904:

Dictyonrm•

{l

Tnrudoc

RUEDEMANN

fl�be-lliforme

SchaghiiCOkl,

1912· Dictyonfm• fl•b. var. norwegic•
HAHN
Il Tr•••dCK
St Jotln, NB , C •n• d•J

N.Y,

USA!

1912:

Dictyonema fl ab. var.

ll '"""'"

(llrUiidoc

St

acadica

HAHN

John,NB,Cinidi)

1927. Oictyonema flab. forma typica BUL MAN
...... ....... . '". -'

1953: Dictyonem• fl•belliforme OBUT
l T�l!l•do( TIU1nn, htoni•, USSRl

195Jo

1954: Oictyonem• flab

19Sio Oictyonema flilb. flabt-lliforme

j

Fig.

2.

IL Trt••doc:

Oslo,

l

norvegicum

Norw•yl

Diagrammatic nomenclatorial history of 'Dictyonema'

=

Oictyonema

ll

IL

Trllll�u3ot

Trtrudoc

graptolithinum

OBUT

Paldiski, Estoni1, USSRl

Oslo. Nonot•rl

Rhabdinopora flabelliformis and its proposed morphs 'norvegicum'

and 'graptolithinum'. Original illustrations are reproduced. Where available. Not to scale.

SM-A 20047b: from Shineton Shales, Tremadoc,
Garmston Dingle, Salop, England

inum'

('graptolith

type).

LO 4144: Bulman 1966a, text-fig. 2a, p. 409 from
Paldiski, Estonia
specimens

SM-A 24427: Bulman, 1954, text-fig. 4c; 1966, p.

('graptolithinum'

(PMO

type). 22

108.497-108.519)

410 from Baltischport, Estonia (probably to

with proximal ends preserved (mostly

potype)

cum'

10 -

('graptolithinum'

Geologisk Tidsskr.
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type).

from

Vækerø and Sofienberggate, Tøyen, Oslo, all
type).

'norvegi
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- Bulman (1954, p. 6) re

'flanges' or 'webs' at the adjacent stipes (Text

cords the range as lower Tremadoc subzones 2 e�

Fig. 2). This gerontomorphic secondary insertion

and 2 ey. Slightly higher ranges possible on
Oland, Sweden and in Estonia.

of dissepiments results in dense spacing of up to

Stratigraphic range.

16 dissepiments within 10 mm and even occasion
al complete 'anastomozation' of individual inter

- Rhabdosomes are stereosymme

dissepimental meshes (see Westergård 1909, pl.

tric (pendent conical) consisting of 3 or 4 primary

3, fig. 8 and this paper Pl. 2, fig. 9). Apparent!y,

Description.

stipes. Apical angles in compressed specimens

·

the 'regularity' of dissepiment spacing is en

are between 55° and 130°, commonly 6S0-90°.

hanced with 'age' (astogenetic stage of develop

The overall form of compressed rhabdosomes is

ment) of the rhabdosome. Similar to the rare and

triangular with fairly straight outlines, or they

'occasional' appearance of dissepiments in

may be vasiform proximally. Length/width ratios

diograptus

Ra

(see above), juvenile and adolescent

of compressed rhabdosomes are 1: 1.2 to 1:0.6.

rhabdosomes of

The sicula is sharply conical, 1. 0-1.3 mm long

their first dissepiments 'adventitiously' as the

R. flabelliformis

constructed

and in adult specimens commonly bears vesicular

need to maintain a cone-shaped net structure

buoyancy structures, whereas juvenile specimens

arose, whereas gerontic specimens had enforced

are without nematic structures or with one or

requirements for stringent adherence to a struc

several fibrous nematic sheafs. Stipe dichotomies

turally rigid conical rhabdosome, possibly similar

occur at somewhat irregular intervals after initial

to the Recent gigantic tunicate

stolonal budding from the prosicula (1st. order).

sum.

Pyrosoma spino

First- to second-order intervals were measured

Stipe density is also somewhat dependent upon

between 0. 6 and 1.4 mm (average 0. 8 mm),

the post-mortem history of the individual rhab

third- to fourth-order 2.2--ti.O mm (average 3.5

dosomes, but the structural strength of the stipe

mm), fourth- to fifth-order 5.0-9.0 mm (average

dissepiment meshwork allows for only minor dis

6.5 mm), and fifth- to sixth-order 7.5-12.0 mm

tortion. Specimens preserved in relief have a

(average 9.0 mm). Higher-order dichotomies are

density of 7-9 stipes per lO mm and most mature

not observed but may occur. Rhabdosomes ex

rhabdosomes of the

ceeding 80 mm in length are rare, although speci

stipes (averaging 9 stipes) in 10 mm.

mens exceeding 150 mm are known from
6stergotland in Sweden and other localities. In

stipes preserved in profile (usually along the

all specimens exceeding 80 mm in length, the

margins of compressed rhabdosomes, but occa

length/width ratio approaches 1:0. 5. In astogene
tically young specimens the apical outline tends
to be rounded (parabolic), approaching lower

sionally in dislocated stipes). Thecal spacing var
ies from 13-15 in 10 mm, regardless of astogene
tic

angles (around 60°) in more mature specimens.

growth. The thecae are always denticulate or

Dimensions of stipe and dissepiment width de

'norvegicum'-type

have 8-11

Thecal spacing could only be measured along

stage of development and cortical over

acute-angled at their apertural margins.

pend not only on the degree of compaction, but
on the astogenetic stage of rhabdosome develop

Remarks. - The

ment as well. In uncompressed juvenile and early

many of the subspecies or varieties presently as

mature

sociated with

specimens,

stipes are 0.35

mm and

present author is convinced that

Rhabdinopora flabelliformis
Rhabdinopora for list

(see

dissepiments only O. l mm in cross-sectional di

under 'Remarks' to

ameter. Compressed mature forms have an aver- .

short discussion, p. 95) represent different asto

and

age stipe diameter of 0. 45 mm and dissepiments

genetic stages or preservational variants of this

measuring 0. 3 mm across. In compressed geron

species. Due to the difficulty in obtaining type

tic specimens

type), the dissepi

specimens of all these subspecies or varieties, it is

ments are as wide as the stipes (0.40-0.45 mm).

premature, however, to place all of these cate

Moreover, in all juvenile and 'adolescent' forms

gorically into synonymy with

('norvegicum'

('graptolithinum'

type), the dissepiments are ir

regularly and widely spaced

(4--ti

R. flabelliformis

at

the present stage of knowledge. In accordance

dissepiments

with numerous previous authors (Salter 1858,

within 10 mm), very thin (O.l mm wide or less),

1866, Roemer 1859, Schmidt 1882, Ruedemann

sometimes inconspicuous and with paraBel out

1904, Fraipont 1909 and even Bulman 1927) this

lines, whereas the gerontic

author believes that

'norvegicum'-type

Rhabdinopora socialis

(Salt

specimens have second- or even third-order in

er, 1858), being one of the more significant and

serted

'prominent' forms, is not justified as a separate

dissepiments

with

broad

attachment
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species or possibly even subspecies. It was partly

1966a, 1966b, 1967b, 1970) concept of

a gesture of respect toward Salter's (1858) inde

liforme

forma
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'D. flabel

(Obut 1953, pl. 2, figs. l,

typica'

pendent discovery of this Welsh species by Bul

la; pl. 3, figs. 2, 2a and(?)figs. l, la, lb). The

man (1927 and seq.), which led him to give this

existence of both morphological varieties in the

form a continued separate taxonomic status, al

same or adjacent horizons from Estonia is re

though Salter himself (1858, p. 64, third para

corded by Obut (1953, pl. 3, figs. 2, 2a and pl. 6,

graph) bad acknowledged the probability of syn

figs. 4-4a), Bulman (1966a, text-figs. l, 2) and

onymy of

the

Kaljo & Kivimagi (1976, fig. 1). On the other

former having been regarded by most British

hand, Obut (1953, p. 36) and Bulman (1966b, p.

geologists as a specifically 'British' form and the

295) emphasize that Eichwald (1840, 1842, 1860)

and

R. socialis

R. flabe/liformis,

latter as a 'Baltic-Scandinavian' variety. Bulman

bad clearly described and pointed out the charac

(1927, p. 23) stated this as follows: 'A careful

teristic sinuosity of stipes and 'ovoid-hexagonal'

comparison of Salter's figures and descriptions,

meshes which are typical of

and of material from the [British] Geological

not of the thinly-meshed

Survey Collection, with a specimen of D.

typica'.

forme conferta

f/abelli

(Linnarsson Ms, Brogger, 1882)

'D. norvegicum' , but
'D. flabelliforme forma

The first to discuss the rather elose rela

tions between the two variants was Brogger

determined by Westergård, and with the pub

(1882, p. 36), who wrote in conjunction with his

lished figures and descriptions of that variety,

description

has convinced the writer that Salter's name

Eichw. mut.

ciale

so

must be restricted and applied to the Eng

conferta
sociale

onym of var.

.

'Dictyograptus flabelliformis,
norvegica' (translated from Ger

man): 'Upon initial observation this form offers

Accord-

such a remarkable appearance that one feels

. . is here quoted as a syn-

prompted to consider this as a distinct species; at

lish equivalent of the variety
ingly, var.

of

conferta.

. . .'. The present author has

doser view, however, this [form] appears to be

seen, but not yet studied, Salter's type specimens

so intimately connected, by transitions, with the

of

R. socialis which appear to fall within a certain

aforementioned central form

[Dictyonema flabel

range of variation as given also by Baltic or

liforme

Scandinavian specimens of

gard this [form] as a mutation of the above.'

R. flabelliformis.

A

forma

typica]

that one could simply re

special study of potential morphogenetic rela

Ruedemann (1904, p. 60�06) also stated that,

tions between

among his New York material, '. . . fragments

R. socialis

and

R. flabelliformis
(including Westergård's variety conferta) is in
tended for. a future publication. Therefore, R.
socialis is provisionally excluded from treatment

may be only somewhat abnormal portions of, in

in the present paper.

the

The author's proposal to synonymize such
well-established taxa as

Rhabdinopora f/abelli
formis (ex. Dictyonema norvegicum Kjerulf) and
Rhabdinopora graptolithina (Kjerulf) (ex. Dic
tyonema f/abel/iforme forma typica Brogger or
D. flabelliforme flabelliforme Bulman) requires

bearing the characters of

lis]

and

norvegicum

whole,

typical

confertum [

=

R. socia

are found, which however
specimens'.

Ruedemann

(1904) was also the first to include both variants
within his synonymy list (see Text-fig. 2). Wes
tergård (1909, p. 60) pointed out that 'Dictyo
graptus flabelliformis var. norvegica' occurs 'to
gether with forma typica' at Knivinge in
Ostergotland. He also illustrated a specimen

some explanation. But first, a brief historical

(Westergård 1909, pl. 3, Fig. 8. of

review of previous comments on the morphologi

cum'

cal similarities and transitional forms of

like dissepiments, which are rarely seen in this

liformis

R. flabel

'D. norvegi

which distinctly shows anastomosing web

extreme form. Bulman (1927-1928, 1954, 1966a,

is in order.

1966b, 1967b) did not allude much to previous
observations on the transitional nature between

History of nomenclatorial problem
The first person to consider the stender and thick

'D. norvegicum' and 'D. flabelliforme forma ty
pica', except in his 1954 paper on material from

dissepimentous forms as conspecific seems to

Oslo, Norway, where he stated (ibid. p. 25) after

have been Eichwald himself. Obut (1953) illus

discussion of the 'more open forms' of

trated several fragments belonging to Eichwald's

D. cf.
norvegicum from the Shineton Shales of the Cov

collections which show thin stipes and thin, less

entry boring (Bulman, 1928, p. 29; 1927, pl. 2,

regularly spaced dissepiments which would be

figs. 9, 10): 'Such forms seem clearly related to

conspecific

to

norvegicum,

perhaps as transients between that

(1927, 1928,

variety and

f/abelliforme s. str.

Brogger's

with
(1882)

or

at

!east

transitional

and Bulman's

. . .'. He then
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. . norvegicum as a

some

what unstable variety' and finally remarks about
a specimen from a lower leve!: '... where it is
associated with

sociale, and
it seems to represent a development of norvegi
cum characters in some sociale stock.' The latter
flabelliforme s. l.

and

statements may aptly demonstrate that Bulman
appears to have considered the possibility of ger
ontomorphic

tendencies

in

Rhabdinopora

to

grow secondary cortical thickening and secon
dary insertion of dissepiments (see also Bulman
1954, p. 9). At last Bulman himself appears to
have been convinced of the possible infraspecific
variability of these two 'morphs' when he wrote
(Bulman 1970, p. V32): 'Two different types of
mesh, one coarse, with broad widely-spaced dis

2 (1982)

The generic assignment problem appeared to
have been settled by Bulman's (1927, p. 10) ar
gument in favour of a unified classification of
sessile and planktic forms under the genus

tyonema

Dic

Hall, 185 1. Without decisive evidence

to support his point of view Bulman (1927, p. lO)
stated: 'The possibility, first suggested by Holm
[and strongly supported by Westergård 1909, p.
6 1-63), of a subdivision of the genus according as
to whether the proximal portion is represented
by a sicula or a stem seems unlikely to prove of
value. There is much to suggest that one is but a
variant of the other .. .'. Westergård (1909, p.
63) had already pointed out that 'it is clear that
several difficulties would be eliminated, if one
would recognize that the genus

Dictyograptus,

sepiments and the other fine, with slender close
ly-spaced dissepiments, may occur in the same

with

(sic!) rhabdosome in Dictyonema flabelliforme
norvegicum, but this is exceptional. The degree

dea, whereas in our country the only known form

of variation in dissepimental structures and mesh
characters suggests need for caution in their
taxonomic use'.
Finally, Obut (1953) elearly distinguished his

D. flabelliformis

as its type, is a dichograp

tid and therefore should belong to the Graptoloi

Dictyodendron

[

=

Dictyonema

1851], restricted to the Gotlandian

sensu Hall,
[ Silurian],
=

belongs to the Dendroidea' (translated from
Swedish). This is in disagreement with the defini
tion of Dichograptidae Lapworth, 1873 (Bulman

revitalized Eichwald concept of

1970, p. V109-110) and with the fact that

from his Kjerulf concept of

tyonema

'D. flabelliforme'
'D. graptolithinum'

and never proposed that any infra- or interspeci
fic links could have existed.

Dic

is now known to occur as early as in the

Late Cambrian. However, the general concept of
recognizing a true separation of sessile and
planktic dictyonemids was evidently well per
ceived by Westergård (1909).
In the light of the phylogenetic separation of

The nomenclatorial problem of
Rhabdinopora flabelliformis
Several

nomenclatorial

problems

'Dictyonema flabelliforme'

have

sessile and planktic forms due to the derivation
of the latter group from the anisograptid genus
beset

since its first short de

scription by Eichwald in 1840. The majority of
papers dealing with

Rhabdinopora flabelliformis

appeared prior to Fearnsides' (1907) and Wester
gård's (1909) comprehensive descriptions of the
Scandinavian Dictyonema Shales and prior to
Bulman's (1927, 1928) monographic treatment of
this species. The nomenclature was confused for
two reasons:

Radiograptus (see above), it is here proposed
Rhabdinopora Eichwald 1855, p. 453-454),
with R. flabelliformis as its type species, is the

that

oldest valid and unoccupied name for the plank
tie forms.
The second nomenclatorial problem is more
complex, as it involves a long-standing error with
reference to the interpretation fo Eichwald's de
scription (1840) and illustration (1842) of

belliformis.

R. fla

As illustrated in Text-Fig. 2 and first

revealed by Obut (1953, 1974), the conceptual

l the assignment of the cone-shaped siculate

forms of the

'sociale-flabelliforme' group to
either Dictyonema Hall, 185 1, Rhabdinopora
Eichwald, 1855, Graptopora Salter, 1858 or
Dictyograptus Hopkinson & Lapworth, 1875.

error came about by Kjerulfs (1865) failure to
recognize the true synonym y of his form

tion of Eichwald's (1840, 1842, 1854, 1855,

'Dic
tyonema (Hall) norvegicum (Eichw.)' with Rhab
dinopora flabelliformis and his establishment of a
new species 'Dictyonema Graptolithinum' which
was later deferred to 'Dictyonema flabelliforme
forma typica' as outlined in Brogger (1882, p. 12,

1860) concept of

figs. 17-19, same specimen as shown in Kjerulf

2 the controversy about the correct interpreta

Rhabdinopora flabelliformis

as fully presented by Obut (1953, 1974) and

1865; PMO. 73088) then became 'standard prac

Bulman (1966a, 1966b, 1967a).

tice', especially through Bulman's (1927, 1928,
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Tremadoc dendroid graptolites

1954, 1966a, 1966b, 1967a) detailed studies of
this graptolite.
Despite Obut's (1953) revision and re-separa
tion of

'Dictyonema flabelliforme' (Eichwald,
1840) as senior synonym of Dictyonema norvegi
cum Kjerulf, 1865 and Dictyonema graptolith
inum Kjerulf 1865 as senior synonym of
Brogger's
(1927,

(1882) and subsequently Bulman's

1928, 1954)

'Dictyonema flabelliforme'

(see Text-Fig. 2), Bulman (1966a, 1966b, 1967a)
strongly pleaded for 'legitimization' of his con
cept and of what he now called 'common prac
tice'. Bulman (1966a, text-fig. l; 1967a, p. 51)
proposed to the ICZN that a neotype (British
Museum of Natura! History, Nr.Ql392 from Pa
kerort near Paldiski, Estonia, USSR) should be
declared. Whilst this would concur with Bul
man's concept of

'D. flabelliforme', it is
D. graptolithinum

junior synonym of

'D. flabelliforme'

is unequivocal and easily

forme' norvegicum

made (see Text.-Fig. 3). The thin-meshed forms
not only show thinner stipes and dissepiments
but also a much wider spacing of the often irregu
larly distributed dissepiments, when compared

with the thick-meshed forms. However, with re

gard to astogenetically less tangible characters
and variables such as proximal-end development,

bifurcation ratio and stipe and thecal density,

both morphs are virtually identical. Most notice
able are the following observations:
l. Young (or distally complete small) rhabdo
somes of the

'norvegicum'

type are very rare.

2. The secondary insertion of dissepiments in

'graptolithinum'

types of rhabdosomes, and

third generation insertion of dissepiments in
forms can be observed (Bulman

in fact a

'norvegicum'

Kjerulf,

1970, p. V32). This shows that dissepiment

1865, although it probably ranges within the
broad definition of

135

as seen by

Eichwald's selection of syntypes (Obut 1953, and
as discussed above).

The present author therefore fully agrees and
concurs with Obut (1974, p. 104, fourth para

density is not a phylogenetically controlled
character (see Text-Fig. 3, Pl. 2, fig. 9).
3. Although very large thin-meshed forms of the

'graptolithinum' type

do exist, these never oc

cur together with thick-meshed forms.
4. Thin-meshed forms are generally reported to

graph), who stated that 'it is impossible to choose

occur stratigraphically earlier than the

the neotype from the material in the British Mu

gicum'

'norve

types (in 2 e � of the Oslo region,

seum when in the museum of another country

Bulman 1954, but after the initial occurrence

L
[ eningrad, USSR], where the first description

of the

was made, they have their own already selected

planes with thick-meshed and thin-meshed

type specimen (lectotype)'. Bulman (1967a) did

forms

not argue against the validity of Obut's (1953)

throughout 2 e y. Generally there is evidence

lectotype of

R. flabelliformis.

'norvegicum'
alternate

types in 2 e y, bedding

(Bulman

1954,

p.

4-5)

that thin -meshed forms occur highest in most

'Dic
tyonema flabelliforme' (alias D. norvegicum) and
D. graptolithinum (alias 'D. flabelliforme' forma
typica), and their affiliation with Rhabdinopora
as Rhabdinopora flabelliformis (Eichwald, 1840)

Baltic sections. It should be noted here that

menclatorial issue becomes superfluous and unc

sociations (taphocoenoses). In these succes

ymy are evident from the above description of

spasmodically killed bathymetrically defined

If, however, the proposed synonymy of

the typical black shale successions of bedding

plane associations of graptolites in Scandina

via appear to represent successions of local

'toxic clouds' (thanatocoenoses) of graptolites

could be accepted, further dispute over this no

rather than of wide-spread 'normal' death as

necessary. The arguments in favour of a synon

sions, individual bedding planes represent

studied material and are summarized below.

communities (Erdtmann 1976), whose vertical

successions attain stratigraphical significance
only in the abstracted sense.

Reasons for proposing synonymy of
the 'graptolithinum' and 'norve
gicum' types as Rhabdinopora
flabelliformis
The morphological distinction between the thin
meshed

forms

of

'Dictyonema flabelliforme'
graptolithinum and the thick-meshed 'D. flabelli-

5. Setting aside the misidentified

flabelliforme

var.

norwegica'

'Dictyonema

(Hahn 1912, p.

139) from New Brunswick and those speci
mens reported from the Coventry boring in
England (Bulman 1928, p. 29) and from Sche

venhiitte in the German Ardennes (Bulman
1973, p. 214), the thick-meshed variety occurs

only in the Baltic platformal sequences of the
Oslo region, in Scania and bland and in Esto-
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only in possessing more than 4th-order dichot

represents a specific, environmentally con

omies.

may be pointed out here that none of the

Description. - The rhabdosome is conical to

trolled growth form of endemic character. It
thick-or thin-meshed varieties of

formis

occur in the flyschoid

R. flabelli
Rhabdinopora

bearing sequence of the Digermul Peninsula
in northernmost Norway.

sonable to suggest that the thick-meshed morph

'norvegicum' type represents gerontic asto

genetic growth by addition of cortex along stipes

and insertion of dissepiments which may have
been constructed in response to environmental
pressures (increased agitation in shallow water?)

and by the necessity to improve the structural
strength of the thin-meshed fragile conical rhab
dosomes (see Text-Fig. 3).
The

'graptolithinum'

and

occasionally

discoidal

sub

(preserva

tional) with a length rarely exceeding 20 mm and
a width of 11 mm . The maximum width is usually

attained at 10 mm distance from the sicula. The
proximal outline of compressed rhabdosomes ex

Based on the above observations, it appears rea
of the

cylindrical,

'norvegicum'

forms

should in my view, be regarded as different
morphs of the same species, i . e . of

Rhabdino

pora flabelliformis.

hibits a sharp apex of 40°--65°. The pointed proxi
mal appearance is accentuated by an acutely
conical sicula which is 1 . 8-2 . 0 mm long and 0 . 3-

0 . 4 mm wide at its base and is sometimes pre

served as being nematophorous. Although the
initial branching of primary stipes is obscured in

mature specimens, juvenile forms reveal that

there are usually four first-order stipes, rarely
only three . These emerge from a position at or
near the upper (prosicular?) portion of the si
cula. The stipes bifurcate dichotomously at ini
tially more frequent intervals than distally, be
ginning with 0 . 5 mm for the second-order and
increasing

to

2.5

mm

for

the

fourth-order

branching. The stipes are sinuous, but they re

main subparallel to one another. The stipes of
any order are 0 . 4 mm wide when preserved in

Rhabdinopora ? praeparabola

n.

Pl . l, figs . 6, 8-10; Pl . 2, fig . 2?

1982-

? Dictyonema

sp .

n . sp. Bruton, Erdtmann &

margins. The stipes are not connected by dissepi
ments or anastomosis. The 'loose' arrangement

of stipes commonly allowed post-mortem spread

PMO . 107 882 . (Pl. l , fig . 6) from

road cut, S. of Nærsnes chapel, near Oslo, Nor
way (Bruton et al. 1982)

Material -

file their width varies between 0 . 3 mm at prothe
cal points to 0 . 45 mm across the thecal apertural

Koch, pl . 2, figs . 6, 9, (11). Text. Fig . 3

Holotype -

sclariform orientation, but in dorso-ventral pro

ing of the stipes, and at the same time torsion, so
that they have come to Iie on their maximum
surface area and are therefore visible in profile

view . This clearly demonstrates the Jack of pri

From type locality, 25 specimens in

mary stipe-connecting dissepiments . Small later

cluding proximal ends and siculae from a single

al or dorsal 'hooks' or 'notches' are occasionally

calcareous nodule layer containing

growth of dissepimental spines. Autothecae are

bedding plane 52 cm above the base of a black

hirsuta

and

Parabolina acanthura,

Boeckaspis

and 13 cm be

low the first occurrence of dissepimentous

dinopora parabola.

Rhab

Five specimens, including

proximal ends with siculae, from several horizons
approximately 2. 7 m above the 'B-2' conglomer
ate bed at Broom Point, south promontory near
Cow Head, western Newfoundland (Fortey &

present along stipes. These may indicate 'trial'

triangular in profile outline, with acute apertural
margins, but they are not denticulate or spinose,
numbering 16 to 18 in 10 mm . Further details of
autothecal morphology can not observed, nor are
bithecae seen . Measurements of stipe density are
meaningless because the stipes usually nverlap
and sometimes cross one another.

Skevington, 1980, figs. 1-2 ; Fortey et al . , 1982).

Remarks.
Diagnosis. -

Rhabdosome pendent conical (ster

eosymmetric) as in

Rhabdinopora,

but only with

- At first sight the small, 'loosely' ar

ranged rhabdosomes of
be confused with

R.? praeparabo/a could
Bryograptus. However, their

incomplete (non sclerotized?) dissepimental (?)

stratigraphic position below the first occurrence

notches, or no dissepiments at all, at mature

of

astogenetic stages. Differing from

Bryograptus

dissepimentous

R. parabola

both

at

the

Nærsnes section near Oslo and at Broom Point in

Tremadoc dendroid graptolites
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Morphological

RHABDINOPORA
"graptolithinum"- type
( juvenile)

137

variants of

FLABELL/FORM/5

"norvegicum"-type
( adult )

3. Schematic reconstruction of rhabdosome fragment of the two morphs of Rhabdinopora flabelliformis including hypothetical
'creeping zooids'. The fragmental portions are interior views of a cone-shaped rhabdosome illustrating second-generation insertion
(stippled shading) of dissepiments and cortical thickening of stipes and dissepiments in the 'norvegicum' morph. Reconstruction of
'creeping zooids' adapted from Crowther & Rickards 1977, Fig. 3.
Fig.

western Newfoundland indicates that they are

pora, is significant both phylogenetically and

distinct from the post- Rhabdinopora flabellifor

biostratigraphically as it links these two genera

mis occurrences of Bryograptus. Instead, this

and the respective new subfamilies Anisograp

form may be regarded as transitional between

tinae and Rhabdinoporinae. The absence of true

broadly-conical forms of Radiograptus occurring

dissepiments in R. praeparabola, combined with

only 40 cm below this species in the Broom Point

its subcylindrical conical shape, places this form

South section (Fortey et al. 1982) and R. parabo

strictly with neither Radiograptus nor Rhabdino

la.

pora, but due to its overall similarity a tentative
The occurrence of this form, transitional be

inclusion with the latter is here proposed. The

tween Radiograptus (wide-cones) and Rhabdino-

small size and acute apical angle invoke resem-

138
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blance with R. socialis mehaigueni and R. socialis

nilii which were described by Legrand (1973)

S. Hall 1892, figs. l, 3; Harris & Keble 1932, pl.

from beds below the main occurrence of R. fla

3) and to accommodate it with the Clonograp

belliformis in the northern Sahara of Algeria.

tinae despite the well-developed transverse disse

These two varieties, however, possess dis tinet

piments which characterize 'D'. macgillivrayi.

dissepiments.

This form will be re-described and placed in a
new genus in a future paper (Erdtmann & Van
denBerg, in press).

Subfamily CLONOGRAPTINAE n. subfam.

Collectively the included genera represent a

Diagnosis.- Rhabdosome siculate, horizontal or

fully bilaterally symmetric group of more or less

slightly conical proximally, bilateral, produced

horizontal multibranched graptolites whose den

by dichotomous division, at gradually increasing

droid nature is considered transitory to the Grap

or approximately constant intervals to 8th or 9th

toloidea along diverse lineages.

order; branches diverging proximally, tending to
become subparallel, and in some forms flexuous
distally,

occasionally connected by transverse

dissepiments; autothecae, directed obverse to si
cula,

denticulate

with

moderate

inclination,

some species with low inclination and negligible
overlap, some with exaggerated apertural spines;
stolonal budding of autothecae and bithecae in
geologically early species; central disc and web
structures rare. Lower Ordovician (Tremadoc
Llanvirn), almost worldwide.

Remarks.

-

This subfamily includes the following

genera:

Clonograptus Nicholson, 1873
Temnograptus Nicholson, 1876
? Stellatograptus Erdtmann, 1967

new genus (type species: 'Dictyonema' macgilliv

rayi T. S. Hall, 1897)
With the exception of its type genus, which may

- This study was supported by a Heisenberg
Scholarship awarded by the 'Deutsche Forschungsgemein
schaft' since 1979. Additional grants (Er 96/2 and Er 96/4-2)
from the 'Deutsche Forschungsgemeinschaft' permitted study
of graptolites and their ecology in Scandinavia (especially in
Finnmark), Australia, New Zealand, and western Newfound
land. During this time, help has been rendered by many col
leagues; G. Henningsmoen and D. L. Bruton, Oslo, Norway;
J. Bergstrom, K. Lindholm and P. Ahlberg, Lund, Sweden; P.
A. Jell, A.H.M. VandenBerg and l. Stewart, Melbourne, Aus
tralia; R. A. Cooper, Lower Hutt, New Zealand; R. A. For
tey, British Museum of Natura! History, A. W. A. Rushton,
Institute of Geological Sciences, London, England; B. S. Nor
ford, Calgary, Alberta and J. H. Shergold, Canberra, Austra
lia. Help in the field was received from M.·L. Windolph and
M. Welsch, Gottingen and the family Pettersen of Nervei in
Finnmark, Norway. Dratting work was carried out by B. Rau
feisen and M. Welsch, and all photography by W. Kleinitzke,
at the University of Gottingen. A. H. M. VandenBerg of
Melbourne is thanked for reading the manuscript, and M.
Flath, Gottingen for typing it. Figured material is from collec·
tions housed at New York State Museum (hereafter abbreviat
ed NYSM), Paleontologisk Museum, Oslo (PMO), Sedgwick
Museum, Cambridge (SM) and Palaeontological Institute,
Lund (LO).
AcknowledgmentJ.

be polyphyletic, this subfamily must be regarded
as a tentative phylogenetic grouping of similar
forms based on a bilateral disposition of 1st
order stipes and regular horizontal dichotomy of
higher order bifurcations. Verification of bithe
cae only exists for Clonograptus tenellus (Hutt,
1974) and possibly Temnograptus, but bithecae
may also be present in other Clonograptus spe
eies, in Stellatograptus stellatus Erdtmann, 1967,
and in 'Dictyonema' (n.gen.) macgillivrayi T. S.
Hall, 1897. New material of Stellatograptus has
been found in beds below the Zone of Tetragrap

tus approximatus and above the Zone of Adelo
graptus hunnebergensis (Lancefieldian, La 2?,
equivalent in Lauzon, Quebec and near Martin
Point in western Newfoundland) which confirms
the dendroid or 'tuboid' (?) nature of this rare
genus. The bilateral disposition of the large hori
zontal and siculate 'Dictyonema' macgillivrayi es
sentially requires the removal of this species
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Explanation of Plate l
Scales are
Fig.

l.

lO

mm for all figures except for Fig. 2 (5 mm).

Dictyonema reliforme Hall, 1851. Proximally incomplete specimen in hypothetical life position. Lectotype (hypotype) of

genus Dictyonema Hall, 1851, figured by Hall 1852, pl. 40f, fig. la; Ruedemann 1908, pl. 3, fig.

l,

from Rochester Shale

(Wenlock), Lockport, N.Y. NYSM 7112.
Fig. 2. Radiograplus cf. R. roserianus Bulman, 1950. Juvenile specimen with nematophorous sicula. From horizon 35 cm above top
of limestone conglomerate bed B-2, Broom Point, southern promontory, south of Cow Head, western Newfoundland. PMO 108
193.
Fig. 3. Radiograplus roserianus Bulman, 1950. Adult semilaterally preserved specimen (cfr. 'Bryograplus' palens? Matthew, 1982).
From Broom Point, northern promontory, c. 11 m below base of B-1 limestone conglomerate bed, south of Cow Head, western
Newfoundland. PMO 108.192.
Fig. 4. Radiograplus roserianus Bulman, 1950. Two fragments of horizontally preserved specimens (right specimen shows proximal
portion of rhabdosome, left specimen shows sparse dissepiments). From horizon 35 cm above top of limestone conglomerate bed
B-2. Broom Point, southern promontory, south of Cow Head, western Newfoundland. PMO 108.194.
Fig. 5. Radiograplus cf. R. roserianus Bulman, 1950. Adult specimen in semilateral preservation (cfr. 'Bryograplus' palens?). From
'Locality 68' (cfr. Reading, unpublished field map), Berlogaissa Formation (Tremadoc), Digermui-Peninsula, Tana District,
Finnmark, northern Norway. PMO 107 887.
Fig.

6.

Rhabdinopora? praeparabola n. sp. Assemblage of fragmentary specimens showing two proximal portions of rhabdosomes

including characteristic pointed siculae. From single bedding plane horizon, 53 cm above base of limestone nodule containing
Boeckaspis hirsula and Parabolina acanthura, Nærsnes road cut, south of Oslo,Norway. PMO 107 881.
Fig.

7.

Rhabdinopora parabola (Bulman, 1954). Adult specimen from original parabola bed, 245--250 cm above base of nodule

containing Boeckaspis hirsuta and Parabolina acanlhura (or 50 cm below nodule with Jujuyaspis keideli norvegica), Nærsnes road
cut, south of Oslo, Norway. SM A 48193a.
Fig. 8. Rhabdinopora? praeparabola n. sp., Holotype. Upright on left, partially covcrcd on right by an incomplete specimen (with
nematorphorous sicula). This specimen shows characteristic shape of mature (25 mm long) rhabdosome which does not possess
dissepiments. From single bedding plane horizon, 53 cm above base- of limestone nodule containing Boeckaspis hirsula and
Parabolina acanthura, Nærsnes road cut, south of Oslo, Norway. PMO 107 882.
Figs. 9-10. Rhabdinopora? praeparabola n. sp. Characteristic specimens showing irregular arrangement of stipes and apparent Jack
of dissepiments. All specimens are from a single bedding plane horizon, 53 cm above the base of a limestone nodule containing
Boeckaspis hirsuta and Parabolina acanthura, Nærsnes road cut, south of Oslo, Norway. PMO 107 888, 107 889.
Fig.

Il.

Rhabdinopora parabola (Bulman, 1954). Characteristic adult speicmen. From original parabola bed, 245--250 cm above

base of nodule containing Boeckaspis hirsuta and Parabolina acanthura (or 50 cm below nodule with Jujuyaspis keide/i norvegica),
Nærsnes road cut, south of Oslo, Norway. PMO 107 883.
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Explanation of Plate 2
Scales are 10 mm for all figures except for Fig. 6 (3 mm).
Fig. l. Rhabdinopora parabola (Bulman, 1954). Holotype, figured by Bulman 1954, pl. l. fig. 3 from Sofienberggate near the
Palæontological Museum, T6yen, Oslo. Note the two non-dissepimentous juvenile specimens above the adult specimen. The adult
holotype specimen is distally incomplete and shows cortical thickening of stipes and dissepiments. PMO 61772.
Fig. 2. Rhabdinopora cf. R. parabola (Bulman, 1954). Synrhabdosome of at !east four juvenile specimens connected at their siculae
Collected by H. G. Reading in 1959 at 'Locality 67' (cfr. Reading, unpublished field map), Berlogaissa Formation (Tremadoc),
Digermul-Peninsula, Tana District, Finnmark, northern Norway. These sparsely dissepimentous specimens may be transient forms
between R. ? praeparabola n. sp. and R. parabola (Bulman, 1954). PMO 106 478.
Fig. 3. Rhabdinopora flabelliformis (Eichwald, 1840). Almost adult specimen approaching development of cortical thickening
( norv egicu m-type'). Collected by author from Sofienberggate, T6yen, Oslo in 1980. Note development of 'flanges' or 'web-like'
structures at dissepiments and absence of nematic 'float' structures. PMO 107 884.
Fig. 4. Rhabdinopora flabelliformis (Eichwald, 1840). Topotype specimen with proximal end preserved figured by Bulman 1966,
text-fig. 2a. Dictyonema Shale, Paldiski (Baltischport), Estonia. Note hair-thin irregular dissepiments of this young 'graptolith
inu m-type' rhabdosome. LO 4144t.
Fig. 5. Rhabdinopora flabelliformis (Eichwald, 1840). Distally incomplete well-preserved specimen, from Shineton Shales of
Garmston Dingle near Salop in Shropshire, UK. Most of this rhabdosome is preserved in full relief, but the greater portion is
removed. Note the great similarity with topotype specimen (Fig. 4) from Estonia. LO 4144t.
Fig. 6. Rhabdinoporaflabe/liformis (Eichwald, 1840). Detail of centre portion of Fig. 5, displaying complex structure of autothecae
and bithecae.
Fig. 7. Rhabdinopora flabel/iformis (Eichwald, 1840). Almost complete mature rhabdosome of 'graptolithinum-type' collected by
author in 1981 from near NW bridge abutment at St. Paul's, western Newfoundland. Note the increased density of dissepiments,
especially in the distal portion of this mature form, i.e. approaching 'norvegicum-type", PMO 107 890.
Fig. 8. Rhabdinopora flabel/iformis (Eichwald, 1840). Distally incomplete specimen of 'norvegicum-type' with nematic vane
structure. Collected by author from Sofienberggate, Oslo, Norway. PMO 107 885.
Fig. 9. Rhabdinopora flabel/iformis (Eichwald, 1840), detail of distal portion of a typical 'norvegicum-type' rhabdosome. Note
broad flange-like dissepiments distally and 'double spacing' of dissepiments in 4th 'row' from right (bottom), thus indicating
possible third-generation insertion of dissepiments. Same collection as fig. 8. PMO 107 886.
'
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