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Dicryudora occurs in the Huupryuurrif (Late Ordovician; D. rimmermunni) and Bordenschiefer (Early
Carboniferous; D.liebruna) olThuringia, East Germany. It is ahscnt in the Early Dcvonian Nc're~tenyuurzfr, and analysis of the trace fosd assemblages points t o environmental partitioning within thc 'deep-sea'
Nererres Aswciation. The Carhoniferous Dicryodora was much larger than thc Early Palacomic forms
and had a long respiratory ( 7 )wall organ. This may have hccn an adaptation t o feeding dceper in anoxic
sediments, and thc animal devclopcd large 'parapodia' to ctfcct its progression through the sediment.
0 Truce fussib, Pulueozoic,. Nercites Associufion. Thuringiu, Dictyodora.
hlichuel J. Benlon. Nurure Conserruncy Council, Pew1 House, Burrhoiomew Sfreer, Newbury, Berkshire,
RGl4 5LS. Englund, U.K.;
13th M a y , 1981 (rrrsisrd 198-70119).

The Thuringian Schiefergebirge, in the southern
DDR and partly in the B R D , consists of a series
of Proterozoic to Carboniferous metasediments,
only some of which are fossiliferous. Large tracts
yield only deep-sea trace fossil faunas of Late
Ordovician, Early Devonian, and Early Carboniferous age. Dictyodoru occurs in the Ordovician
and Carboniferous deposits, but is absent from
the Devonian.
During a recent trip to East Germany, I was
able to visit several localities and collect trace
fossils (because of the politically sensitive nature
of some of the localities, I would like to make it
clear that I visited the sites as a holiday-maker
and did so without the advice or assistance of
anyone living in the DDR). The aim of this work
is to offer new information on the evolution and
biology of Dictyodora, and to review relevant
features of the associated ichnofaunas.

Geological setting
The Lower Palaeozoic rocks of the Thuringian
Schiefergebirge (Fig. 1) are exposed in two
SW-NE trending horsts, the Schwarzburger Sattel (including the Grbfenthuler Horst) in the west,
and the Lobensteiner Horst (passing north into
the Bergaer Sattel) in the east. These structural
highs were formed during the Variscan orogeny,
and they are separated by a large area of Early
Carboniferous (Culm) sediments. The Palaeozoic rocks are bounded to the north by the large

Permo-Triassic Thuringian basin, and to the
south by a similar large basin in southeastern
Thuringia and northern Franconia. During the
Palaeozoic, Thuringia lay on the southern margin
of Baltica, or Laurussia, which allowed continuous marine sedimentation until mid-Carboniferous times when the central European plate attached (Ziegler et al. 1979).
The stratigraphy of Thuringia is reviewed in
Hoppe & Seidel (1973), and the main features,
and the trace fossil-bearing beds, are surnrnarised
in Fig. 3. The Early Ordovician Phycoden-Serie
is a shallow water deposit with trace fossils
(Hundt 1941b) typical of the Cruziunu Facies
(Seilacher 1978), and it will not be considered
further here. Rare Dictvodora, Nereites and
Neonereites have been reported from the Late
Devonian near Saalfeld (Fig. 1; Richter & Unger
1856; Pfeiffer 1951), but the main trace fossil
horizons of interest here are the Late Ordovician
Hauptquarzit, the Early Devonian Nereitenquarzit, and the Early Carboniferous Bordenschiefer.

Trace fossils of the Late Ordovician
Hauptquarzit
The Hauptquarzit is dated as ?Llandeilo-Caradoc on the basis of the faunas of adjacent beds
(Kniipfer 1967:69; Wiefel 1974: 185-186), and it
is exposed only in the eastern horst. Between
Zeulenroda and Hohenleuben (Fig. 3A), this
unit is about 170 m thick, and reaches its thickest
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Fig. I . Map of the Thuringian Schiefergebrrge showing main Palacozoic outcrop. Major towns are named, and the horder between
East and West Germany (DDK, BRD) is indicated. The western Schwarzburger Saltel runs SW from Saalfeld, and the eastern
Berguer Satre/ runs SW from Wcida. Main trace fossil localitics arc indlcated with black triangles: 1. Wiinschendorf (Uppcr
Ordovician). 2. Schaderthal (Lower Devonian), 3. Wurzbach (Lower Carhoniferous). Map modified from Deuber & Martini
(1942), in Hoppe & Scidcl (1974).

extent of 240 m at Wunschendorf. Two large
quarries here on the Hiittchenberg, just south of
the town, expose a considerable part of the
Hauptquarzit, which is strongly folded, jointed,
and mineralised in part of the northern quarry.
Body fossils are rare, and consist of an Orthoceras (Bachmann 1954) and some inarticulate
brachiopods (Freyberg 1923:250). The Hauptquarzit was interpreted by Kniipfer (1967:72) as
a shallow water deposit, and Wiefel (1974:189)
wrote that it has ‘numerous features of shallow
water and in places of submarine slumping’. Unfortunately, there has been no detailed sedimentological study, and a definite conclusion as to the
environment cannot be reached.
Trace fossils occur in maroon and grey-green
mottled parallel- and cross-laminated siltstones
and mudstones in the quarries at Wiinschendorf
(Hundt 1912, 1928). Other localities include hillside sites and quarries on the road between Hohenolsen and Hoehnleuben, Reichenfels ruined
castle, near Triebes (Hundt 1928, 1931a, 1941a),

and Lossau, near Schleiz (Zimmermann 189251;
Fig. 3A herein).
The trace fossils have been named as Dictyodora zimmermanni Hundt 1913, Paleodictyon eiseleanum Hundt 1913, Arenicolites didyma Salter
1857, A . obliquiforans Hundt 1928, A . simplex
Hundt 1928, A . pfeifferi Hundt 1928, A . pascholdi Hundt 1931, Phyllodocites geraensis
Hundt 1928, and Arthrophycus flabelliforrnls
Hundt 1940. Hundt’s descriptions are poor, the
last eight names are inappropriate, and most of
the traces have never been figured adequately.
Fig.2. Diagrammatic summary of Palaeozoic (Ordovician-Carboniferous) stratigraphy of the Thuringian Schiefergebirge in
the Schwarzburger Sattel and the Bergaer Sattel. The main
lithological types and average relative thicknesses of the units
in each horst are shown. Trace fossil horizons are marked on
the stratigraphic columns, and the pictographs on the righthand side show main components of the ichnofaunas. Dating
from graptolites (Ordovician-Silurian), ostracodes and tentaculitids (Devonian). Based on information in Volk (1964b),
Pfeiffer (1968). Hoppe & Seidel (1974). and original data.
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Fig. 3. Locality maps for trace fossil sites. 0A Upper Ordovician Huuprquurzit of the Bergaer Suttel; approximate outcrop area
shaded. 0 B . Lower Devonian Nereitenquurzii of the Schwarzburger Satref; approximate outcrop arca shaded. Lower Carboniferous Untrrkulm of the Teuschnitz-Ziegenriick Mulde; outcrop east of the Devonian. Maps A and B include localities 1, and 2 and 3
of Fig. I , re5pectively.

DICTYODOIU
Z I M M E R M A N N I Hundt 1913
Fig. 4A, B .
Synonymy.
0 1892 Palueochorda; Zimnermann, p . 61.
1912 Silur-Dicr.vodoru; Hundt, p. 93. 01912 D i q o d o r u liebeuna (Geinitz): Aucrbach. pp. 127-128.
* 1913 Dicryodora
zimmermunnc Hundt. pp. 180-181. 1928 Dictyodora zimmermanni Hundt; Hundt, pp. 27-31. 01928 Phyllodocrfes geraensis Hundt, p. 32. 01929 Dictyodoru zimmermunni Hundt;
Korn, pp. 26, 38. 0 1931a Dicfyodora zimmermunni Hundt;
Hundt, pp. 18+186. 0 1940 Arthrophycus flabelliformis
Hundt, p. 211. 0 1941a Dictyodora zimmermanni Hundt;
Hundt, pp. 150-151.
~

Material. - Auerbach Collection, Hundt Collection, Natural History Museum, Gera (?).
Description. - The material from Wiinschendorf
displays the characteristic features of Dictyodora: basal burrow and dorsal vertical wall. The
basal burrow is preserved with a lenticular crosssection and varies from 4 mm to 5 mm wide and
up to 3 mm high. The wall is placed centrally on
top of the burrow and is u p to 25 mm high (Fig. 4
B). It tapers upwards from a width of 2 mm at
the base. Meandering is rather irregular (Fig.
4A), but when loops are developed, they are
40-60 mm long and spaced 10-20 mm apart.
Frequently, the traces traverse large areas without displaying tight looping. A t several points,
the trace terminates in a large ovoid mark (Fig.

4A) which probably represents a point at which
the animal has changed level in the sediment.
Dictyodora zimmermanni shows various preservational aspects, as in other examples of the
same genus (e.g. Pfeiffer 1959; Benton & Trewin
1980). Most common are bedding plane views of
horizontal sections through the wall (Fig. 4A).
Bedding plane views of the basal burrow are
rarer, probably because of the irregularly laminated nature of the sediment.The vertical wall
represents a line of weakness through the sediment, and blocks may break in such a way as to
reveal side views of the wall (Fig. 4B), as in other
material of Dictyodora (e.g. Weiss 1884b; Benton & Trewin 1980). The striation pattern is not
so well shown in the Hauptquarzit material because of the relatively coarse nature of the sediment, but there are clear oblique 'ripples' in the
wall, probably reflecting jerky progression
through the sediment. The basal burrow displays
clear curved packing structures when sectioned
longitudinally, and these appear to match the
wall striations in spacing.
Discussion. - Dictyodora zimmermanni Hundt
1913 differs from D . scotica (M'Coy 1851) from
the Lower Silurian of Scotland in its less regular
looping pattern and greater wall height (average
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Fig. 4. Trace fossils from the Haupfquarzit (Upper Ordovician) of Wiinschendorf, near Weida. 0A. Dicfyodora zimmermanni
Hundt 1913, bedding plane view of wall. ~ 0 . 9 0
. B. Dictyodoru zimmermanni, side view of wall showing oblique ‘waves’. X 1.0.
OC. Diplocraterion yoyo Goldring 1962, bedding plane view of sections through two U-shaped burrows. xl.O. 0 D. Diplocraterion yoyo, tracing of vertical section showing burrow fill and spreite. x1.0 0E. Field photograph showing siltstone laminae, cross
lamination, and cross-sections of Phnolites burrows in light-coloured beds. X0.4. 0F. Bedding plane view of Plunolites burrows.
x0.4.
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2@25 mm; D. scotica: 10-14 mm). It differs from
D. tenuis (M‘Coy 1851) in these features and in
the absence of regular secondary sinuosity (Benton & Trewin 1980). It is concluded that D.
zimmermanni Hundt 1913 is a valid name for
Lower Palaeozoic Dictyodora with wall heights in
excess of 15 mm and irregular meander pattern.
These three forms all differ from Devonian and
Carboniferous D. liebeana (Geinitz 1867b),
which is a tighter complex with spiral units of
considerable height.
Hundt’s original description (191293) was
rather imprecise (‘Silurian Dictyodora . . . The
mode of preservation . . . is the same as in the
Culm. Differing from it is probably only the
lower height of its cornet-shaped body . . .’). He
established the name D. zimmermanni in 1913
(pp. 180-181) without further description. Nevertheless, the description is probably adequate as
an ‘indication’ (ICZN Code 1961, Article 16),
and the name is regarded as valid. Phyllodocites
geraensis Hundt 1928 is probably a basal burrow,
and Arthrophycus flabelliformis Hundt 1940 was
based on specimens from Wunschendorf which
are clearly views of the vertical wall of D . zimmermanni (cf. Fig. 4B).
Other truce fossils present in the
HAUPTQUA R Z I T
Fig. 4C-F

Diplocraterion yoyo Goldring 1962 (Fig. K, D ) .
Small U-shaped burrows with protrusive spreite
occur with Dictyodora zimmermanni. In bedding
plane view, many slabs bear paired oval to subcircular vertical burrows, 4-8 mm in diameter,
whose colour differentiates them from the sediment. They are linked by a narrow zone of
spreite (‘septum’: Goldring 1962), and these appear as deeply sagging meniscus structures in
vertical section. The size and shape of the burrows, and the nature of the spreite fall well within the range of variation of D. yoyo from the
Upper Devonian Baggy Beds of north Devon
(Goldring 1962239). The earlier identification as
Arenicolites didyma Salter (Hundt 1912,
192821-24) is inappropriate because of the occurrence of spreite, and A.pfeifferi Hundt 1928 is
identical. The other species of Arenicolites established by Hundt (1928, 1931a) are Planolites or
nomina nuda.
Planolites vulgaris Nicholson & Hinde 1874
(Fig. 4E, F). Irregular, straight, smooth-walled
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horizontal burrows, 2-8 mm in diameter, and
elliptical to subcircular in cross-section. In vertical views (Fig. 4 E ) , these burrows appear to be
concentrated at certain horizons and they generally mix light-coloured sediment into the darker
red horizons. There is no sign of backfill structures, they d o not branch, and the burrow fill is
different from the matrix, which suggests that
these are Planolites rather than Palaeophycus
(Osgood 1970:375,376; Alpert 1975512; Benton
& Trewin 1978:6).
Some slabs bear Caridolites-like ‘scratch’
marks which have also been reported in association with Dictyodora in the Scottish Lower Silurian (Benton & Trewin 1980510-511). Cruzianaformen and Kriechspuren described by Hundt
(1928) may be Planolites, or inorganic structures.
Hundt (1913:93-94) described a ‘worm-like
problematicum’ (Paleodictyon eiseleanum Hundt
1913) and ‘worm crawling traces’ from Wunschendorf, but no specimens have been found that
match these meagre descriptions.

Trace fossils of the Earlv Devonian
Nereitenquarzit
The Nereitenquarzit ( = Nereitenschichten; Steinach Schichten of Volk 1964b) is a unit at the
base of the Tentaculitenschichten (upper part of
the Tentaculitenschiefer), dated as Emsian on the
basis of tentaculitids and other fossils (Steinbach
1974:208, 747). It is exposed in a strip down the
southeast side of the Schwarzhurger Sattel, and
thins from 120 m to 70 m in the east, passing
conformably up into more typical Tentaculitenschichten. The Nereitenquarzit is a sequence of
banded quartzite and mudstone, much folded and
quartz-veined, and capped by a thin conglomerate in the west. Trace fossils occur in the laminated mudstones (burrows, Chondrites, Nereites)
and in associated flaggy, unbedded, and coarse
quartzites (burrows, Chondrites, Lophoctenium,
Protovirgularia, Protopaleodictyon; Volk 1964b).
Localities are the valley between Schaderthal
and Probstzella, Grafenthal, and Steinach
(Hundt 1931b; Volk 1964b; Pfeiffer 1968; Fig.
3B herein). The Tentaculitenschichten were probably deposited in water of fluctuating depth. The
trace fossils are mainly typical of the flysch Nereites Association, but autochthonous body fossils
such as spiriferid brachiopods, crinoids, gastropods, and trilobites in associated beds point to
shelf influences (Pfeiffer 3968:662).
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On the basis of the trace fossils, these beds were long dated as
Silurian by comparison with apparently similar trace fossil
assemblages in Britain (Richter 1849, 1850, 1869;Murchison &
Morris 1855; Marr 1889:415). Kayser (1894) corrected the
stratigraphic assignment.

The trace fossils of the Nereitenquarzit have been
described by several authors (Richter 1849,1850,
1853, 1869; Hundt 1931b; Volk 1961, 1964a, b;
Pfeiffer 1968), and the ichnofauna is summarised
in Fig. 5. The important point to note is the
absence of Dictyodora.
Pfeiffer gives a good series of plates of the Devonian and
Carboniferous trace fossils, but the scales given on some of
these at lcast should he multiplicd hy 112 or 213 where there is
direct evidence of the actual size of the specimens (e.g. PI.
[:I-:;
PI. 6:&6; PI. 7.1, 2, 4, 6-8; PI. 8:l-7; PI. 9:l-6).
Most of the identifications arc based on those of Pfeiffer
(1968), but the changes arc notcd here. Specimens identified
here as Neonereifes biseriulb Seilacher 1960 (Hundt IY31b:30;
Pfeiffer lY6X. PI 1.5, PI. 3:l. 3: Fig. 5G herein) correspond
closely to examples froin the Lower Silurian of the Southern
Uplands of Scotland, and Co. Down, Northern Ireland
(Doughty 1980). Thuringian material of Nereites mucleuyi
(Murchison 1x3'); Fig. 5H herein) was called N . tenuissimus
(Geinitz 1853) hy Pfeiffer (1968:67(&671, PI. 3:l. 2 ) , hut these
appear to bc indistinguishable.
Protopuleodlctvon spinutu (Geinitz 1867; Fig. 5K herein)
includes Spinorhaphe ruhru Pfeiffer ( 19hX:h82-683, PI. 6 5 , 6),
which differs only in that the side branches of the former
project at a n angle from the main stem, whereas they merely
continue in the same direction as one of the straight segments
of the main stem in the latter. In view of the irregularity of this
kind of trace fossil (Seilachcr 1977b:306), it seems inappropriate to draw such fine distinctions.
Thuringian specimens called Protovirguluriu nereifurum
(Richter 1853; Fig. 5L herein) are indistinguishable from P.
dichofomu M'Coy 1850 from the Lower Silurian of the Southern Uplands of Scotland, and the species are synonymised.
Other trace fossils not figured here include abundant unbranched, smooth-walled horizontal burrows. varying from 2
mm to 10 mm in diameter (Hundt 1931b; Volk 1964b).

Trace fossils of the Early
Carboniferous Culrn
The Culm (Lower VisCan) of the TeuschnitzZiegenruck Mulde, between the two horsts,
contains trace fossils at many levels, but no body
fossils (Fig. 2; Pfeiffer 1968:659). The sediments
are rhythmically layered black sapropelic mudstone and greywacke, and deposition evidently
occurred in a deep basin. The trace fossil occurrences of the Unter- and Oberkulm have been
correlated with major sedimentary cycles, and
divided into five zones by Pfeiffer (1968).
The Unterer Bordenschiefer (Lower Unterkulm) consists of three zones. The first, the Lehesten, has yielded only rare trace fossils (Nereites, Dictyodora and Phycosiphon) from Staats9 - Lethaia 2/82
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Fig. 5. Typical trace fossils of the Nereifenquurrit. 0A. Agrichnium bruhmi Pfeiffer 1968. B. Chondrites antiquus Goppert
1852. 0C. Chondrites filifulx Volk lY64a.
D. Chondri1e.s
glomernfus (Ludwig 1869). 0 E. Chondrites goepperfi Gcinitz
1853. 0F. Lophocfenium commum Richter 1851. 0G . Neonereites biseriah Seilacher 1960. 0 H. Nereires mucleuyi (Murchison 1x39). 0 I. Nereites cumbrensis Murchison 1839. 0J.
Phycosiphon sp. 0I<. Protopuleodictwn spinufu (Geinitz
1867). 0L. Protovirguluriu dichotomu M'Coy 1850. Figures
drawn to same scale, and based on Volk (1961): L. Volk
(196Ja): C-E, Volk (IY64h): K , Pfeiffer (1968): A. B, F-J.

bruch Quarry, near Lehesten (Fig. 3B). The second zone, the Hasenthal, has a richer fauna,
dominated by Phycosiphon, Dictyodora, Lophoctenium, Nereites and Chondrites (Fig. 9).
Specimens are commonest in an old quarry at
Obernitz, near Saalfeld, and the quarry Franzensberg, 5 km south of Wurzbach. The third
zone, the Kaulsdorf, represented only by a quarry near Kaulsdorf, 6 km southeast of Saalfeld
(Fig. 2), has yielded a similar, but less numerous,
ichnofauna dominated by Phycosiphon.
The Oberer Bordenschiefer (Upper Unterkulm) consists of one important zone, the
Rottersdorf, which includes the quarries at
Grunau, Koselstein, Rottersdorf, and Vogelsberg, near Wurzbach (Fig. 3B). These quarries
have yielded vast numbers of specimens, and
have attracted most attention. The ichnofauna is
dominated by Dictyodora, but contains rarer examples of ten more genera.
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Culrn (L. Carb.)

The Oberkulm Ziegenriick zone at Alter
Presswitzer Weg and Konitz, 9 km east of Saalfeld, has yielded a sparse ichnofauna dominated
by Phycosiphon with a few Dictyodora. The curious Agrichnium fimbriatum is found widely in a
sandstone unit at the base of the Rottersdorf and
Ziegenriick zones (Unterer and Oberer Fimbriatus-Sandstein).
The trace fossils of the Bordenschiefer, and
particularly those from the Rottersdorf zone of
Koselstein Quarry, near Wurzbach (Fig. 3B),
have been described in some detail (Geinitz

1 crn

Fig. 6. Typical trace fossils of
the Unter- and Oherkulm.
Zones indicated as follows:
F. Fimhriatw Sundstein, H .
Hasenthal, K. Kaulsdorf, L.
Lehesten, R . Rottersdorf, 2 .
Ziegenriick. 0A . Agrichnium firnbriatum (Ludwig
1869) (F). O B . Chondrites
antiquw Goppcrt 1852 (H,
Z). C. Chondrites filifulx
Volk 1964a ( R ) . O D . Chondrites glomeratw (Ludwig
1869) ( R ) . 0E Chondrites
goepperti Geinitz 1853 (H,
K, R ) . 0F. Cylindrichnus
sp. ( 2 ) . G. Diciyodaru liebeanu (Gcinitz 1867) (L-Z).
O H . Luevicyclus sp. ( R ) .
0I . Lophoctenium comosum
Richter 1851 ( H , R , 2 ) .O J .
Lophoctenium hurtungi
Geinitr 1864 ( R ) . 0 K.
Neonereites biseriulis Scilacher 1960 (R). 0L. Nereites macleayi (Murchkon
1839) ( R ) . O M . Nereites
cumhrensis Murchiaon 1839
(L-Z). 0N . Nereites jacksoni
Emmons 1844 ( K , R). U 0.
Paleodictvon (Glenodictyon)
sp. ( R ) . 0P. Palmichnium
culmicum Pfeiffer 1968 ( H ,
K). 0 Q. Phycosiphon sp.
( R ) .0R. Megagrapton hartungi (Geinitz 1867) ( R ) .
0S. Protopaleodictvon spinata (Geinitz 1867) ( R ) . OT.
Protovirgularia dichotoma
M'Coy 1850 ( H , K ) . 0U.
Scoliciu sp. ( H , K , 2 ) . 0V.
Taenidium praecarhonicum
Gumbcl1879 (F). 0 W . Volkichnium w l k i Pfeiffcr 1965
( H . R). O X . Volkichnium
minutum Pfeiffer 1968 ( H ,
R). Figures drawn to same
scale, and based on Geinitz
(1867): B, E, I , N; Pfeiffer
(1968): A , C, D, F-H, J-M,
0-X.

1864, 1867a, b; Ludwig 1869; Weiss 1884b; Zimmermann 1889, 1891, 1892, 1893; Rauff 1892;
Korn 1929; Pfeiffer 1959, 1968; Miiller 1962,
1971; Volk 1964b). Pfeiffer (1968:660) lists 44
species of trace fossils from the Culm, but that
figure may be reduced to 23 by ignoring rare,
doubtful specimens, and by some synonymising.
The Culm ichnofauna is summarised in Fig. 6.
Some taxonomic notes follow, and Dictyodora
Ziebeana is discussed in more detail below.
The specimens called Cylindrichnus sp. here (Fig. 6E) were
Ophthalmichnium
heerwageni
Pfeiffer
described
as
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(1968:691-693, Fig. 3 [No.241. PI. 7 : 6 8 ) , and Ophthalmidium
(misspelt!) was synonymised with Planolites by Hantzschel
(1975:W97).However, these hurrows are subvertical. tapering,
and have a central core, which suggests an assignment to
Cylindrichnus. Laevicyclus sp. (Fig. 6H) may represent the
tops of such vertical burrows (Hantzschel 1975:W77).
Lophoctenium hartungi Geinitz 1864 (Fig. 65) may include
Minichniurn wurzbachensis Pfeiffer (1968:68>684, PI. 6:7, 8).
Hantzschel (1975:W82) accepted the genus as valid, but noted
that it was ‘poorly figured’.
Megagrapton hartungi (Fig. 6 R ) is a reassignment of Palaeophycus hurrungi Geinitz 1867. Pfeiffer (IY68:674) erected the
new genus Pseudopuleodictyon for this irregular meshwork,
but the name is probably unnecessary. Hantzschel (1975:W97)
tentatively synonymiscd Pseudopaleodictyon with Protopaleodictyon, bu! a more appropriate assignment is to Megagrapton
Ksigikiewicz 1968. This genus was established for Eocene
specimens (Hantzschel 1975:W82), but includes irregular netlike forms (Seilacher 1977b:32&321) like the Palaeozoic material.
Specimens assigned earlier to Phyllodocites are placed in
Nereites cambrensis (Fig. 6M) and N . jacksoni (Fig. 6N) because of an overlap in the houndaries of these genera, and
heeause the type species, P. thuringiucu Geinitz 1864 is probably a basal burrow of Dictyodoru (see below).
Paleodictyon specimens (Fig. 6 0 ) probably belong to P.
(Glenodictyon) because of their regular hexagonal shape and
lack of vertical outlets (Seilacher 1977b:324).
Specimens callcd Cosmorhaphe rimrda Pfeiffer (1968:667,
669. PI. 2:1,2) are assigned to Phycosiphon sp. here (Fig. 6 0 ) .
Pfeiffer (1968:675-676, Fig. 4) described a wide range of forms
of Phycosiphon and his new species of Cosmorhuphe appears
to fall within that range.
Taenidium praecarbonicum Gumbel 1879 (Fig. 6V) occurs in
sandstone beds, while Nereites jacksoni is found in associated
mudstone units. The size and appearance suggest that this
Taenidium could be part of a Nereites trace, preserved in
coarser sediment than usual.This interpretation was also suggested by Pfeiffer (1968:689) for a specimen ascribed to Neonereites unrserialis by Volk (1964b:174, Fig. 13).
Other traces not figured here include subcircular impressions
identified as Guilielmites Geinitz by Pfeiffer (1968:692, PI. 8:6)
which could be pseudofossils (Hantzschel 1975:W175), and
some isolated burrow-like structures (Pfeiffer 1968:692-693).

DICTYODORA
LIEBEANA (Geinitz 1867)
Figs. 7, 8.

Synonymy. - 0?1852 Nueggerathiu rueckeriana Goppert, p.
220, PI. 422. 01853 Noeggerathia rueckeriana Goppert; Geinitz, p. 82, PI. 18:s. 01864 Gordia marina Emmons; Geinitz, p.
1, PI. 1:l. 01864 Crossopodia thuringiaca Geinitz, p. 3, PI.
1:1,2; PI. 2:3a, b. 0?1865 Conularia reticulata Richter, p. 369,
PI. 11:3. 0 1867a Dictyophyton ? liebeanum Geinitz, pp. 15-16,
1867b Phyllodocites thuringiaca (Geinitz); Geinitz,
PI. 6.1.
pp. S 4 , PI. 3.1. 0 1867b Crossopodia henrici Geinitz, p. 5, P1.
5.1, 2.0 1867b Nereites loomisi Geinitz, p. 6, PI. 4. 0 1867b
Palaeochorda marina (Emmons); Geinitz, pp. 1 4 1 5 , PI. 6:1,2.
0 3867b Palaeochorda spiralis Geinitz, pp. 15-16. PI. 6: I .
01870 Nemertites sudeticus Roerner, p. 33, PI. 6:7. 0 1879
TaonuruspraecarbonicusGiimbel, p. 535. 1879 Noeggerathia
rueckeriana Goppert; Gumbel, p. 535. 01884a Dictyodora
liebeana (Geinitz); Weiss, p. 17. 1884b Dictyodora liebeana
(Geinitz); Weiss, pp. 8 4 8 9 , PIS. 11, 12:l-5. 01889 Dicryodora
liebeana Weiss; Zimmermann, pp. 165-167. 0 1891 Dictyodora; Zimmermann, pp, 551-555. 0 1892 Dictyodora liebeana
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Weiss; Rauff, pp. 561-564. 0 1892 Dictvodora liebeana Weiss:
Zimmermann, pp. 28-63, Fig. 1. 0 1893 Dictyodoru lieheana
Weiss; Zimmermann, pp. 155-158. Figs. 1-5. 0 1910 Dictvodora liebeana Weiss; Zimmermann, p. 49. 01910 Palaeochorda spiralis Geinitz; Zimmermann, p. 40. 0 1911 Dictyodora liebeana Weiss; Zimmermann, p. 50. 0 1929 Dictyodora
liebeana Weiss; Korn, pp. 25-46, Fig. 1. 0 1935 Dictyodora
lieheana (Weiss); Abel, pp. 429-441, Figs. 359-363.
1943
Dictyodora; Hundt, pp. 121-1111, Fig. 1. 0 1954 Dictyodora
liebeana (Weiss); Pfeiffer, p. 71, PI. 5 : 2 . 0 1959 Dictyodora
liebeana (Weiss); Pfeiffer, pp. 425-434, PIS. I , 2, 3. 0 1960
Dictyodora lieheana (Weiss); Pfciffer, p. 40, Fig. 7e, f. 0 1962
Dictyodora liebeana (Geinitz); Miiller, pp. 8-18. Figs. 1-4.
01964b Dictyodoru lieheanu (Geinitz), Crossopodia henrici,
Palaeochorda murina; Volk, pp. 174-176, Figs. 1 4 1 6 , PI. 9.1.
01967 Dictyodora sp.; Ruchholz, pp. 509-512, Figs. 6.7, 9,PI.
2, PI. 3.1. 0 1967 Dictyodora liebeana (Weiss); Ruchholz, pp.
514-516, Figs. 13-15, PI. 4. 0 1967 Dictyodoru; Seilacher, pp.
78-80. 0‘?1968Arrikulaten-Fiihrre; Pfeiffer. p. 666, PI. 1:3.
0 1968 Spirodesmos spiralis (Geinitz); Pfeiffer, pp. 672-674,
PI. 3:6; PI. 7.1. 0 1968 Phyllodocites thuringiacus (Geinitz);
Pfeiffer, pp. 686687, PI. 9:l-4. 0 1968 Dictyodora lieheana
(Geinitz); Pfeiffer, pp. 689-690, PI. 10: 1-4. 0 ?1968 Maanderierender Fressbuu mil Versatrlumellen;Pfeiffcr, p. 691, PI. 7:s.
0 1971 Dictyodora liebeana (Geinitz); Muller, pp. 136151,
Figs. 1-11, PIS. 1-3. 0 1974 Dictyodora liebeana (Weiss);
Grabe, Photo 40 (p. 269), p. 282. 0 1974 Dictvodora; Seilacher, p. 230, Fig. *.

Material. - The type specimen (Geinitz, 1867a,
P1. 3:3) was preserved in Gera or Dresden, but
was probably lost during the war (Pfeiffer
1968:656). Many hundreds of specimens are
preserved in various museums. Pfeiffer
(1968:655456) lists the current repositories of
the collections of Geinitz, Giimbel, Weiss, Zimmermann, Korn, and Pfeiffer, in Berlin, Halle,
Freiberg and Gera.
Description. - The most complex Dictyodora
form, D. liebeana, always has the typical basal
burrow and mid-dorsal vertical wail. The basal
burrow is up to 20 mm wide, and may appear as a
2-5 mm broad tunnel, circular in section, or it
may have broad side segments. Some specimens
show regular backfill or packing structures in
both the central and side portions (spacing 1-1.5
mm; Fig. 7C). In cross-section, the basal burrow
is lens-shaped with a subcircular central portion
and rather pointed lateral projections.
The vertical wall tapers upwards from a basal
width of about 2 mm and may rarely reach a
height of 16 cm (Weiss 1884b:87). In side view,
the wall shows fine curved oblique and longitudinal streaks, 2-4 per mm (Fig. 71), that probably
reflect episodic movement through the sediment.
Characteristic of D. liebeana is the frequent
development of complex spiral forms. The basal
burrow clearly corkscrews down (or up) through
the sediment, and the wall billows around to
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produce a complex inverted cone structure (Fig.
10D).
As with other species of Dictyodora, D. liebema occurs in a range of preservational aspects
of the basal burrow and wall (Figs. 7,8). Bedding
planes near the level of the burrow may show the
central tunnel, or that and the side sections, or
the whole basal burrow as a single broad unit. Its
looping pattern is usually regular. The vertical
wall, when seen in bedding plane view, may form
regular or irregular patterns. Vertical sections
may show the striation patterns on the wall, or if
cut through the middle of a spiral, may show its
complex structure ( Tannenbaum-Typ, Zimmermann 1893, Fig. 5 ; Pfeiffer 1968:690, PI. 102;
Fig. 7G).

Discussion. - The three-dimensional complexity
of this trace fossil and its great variety of preservational aspects has led to the establishment of a
large number of names for different views.
Noeggerathia rueckeriana Goppert ( 1852:220,
PI. 42) is possibly a side view of a high segment
of wall showing the striations clearly. Conularia
reticuluta Richter (1865, PI. 11:3) is probably a
similar side view of the spreite.
Most of the genera and species of trace fossils
established by Geinitz (1864, 1867a, b) are parts
of the Dictyodora trace. He interpreted the
specimens as the bodies of worms or algae, but
his drawings appear to be faithful representations
in general.
Nereites loomisi Emmons, as described and
figured by Geinitz (1867b:6, PI. 4), has been
interpreted as the complete basal burrow of a
small D. liebeana by Pfeiffer (1968:689), and the
side segments drawn by Geinitz are probably not
all as clear as the plate suggests (‘drawn from a
rather unclear photograph’). The specimens are
6-7 mm broad, the central band is about 1.5 mm
broad, and there are about 8 backfill marks per
cm (Fig. 7A).
I interpret another of Geinitz’s specimens similarly, and the evidence seems even more conclusive. Phyllodocites thuringiacus Geinitz ( 1864:3,
Pl.l:2; P1. 2:3a, b; 1867b:3-4, PI. 3 : l ) was de-
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scribed as a worm 5-8 mm broad (the central
strip) with a 5-8 mm zone of transverse marks on
either side, 4 5 per cm length. Geinitz (1867b:3)
also noted that ‘along the middle of the body
often appears a narrow keel-like elevation of
nearly 1 mm thickness’, and this is visible in his
PI. 3:1 (Fig. 7B). This feature is almost certainly
the base of the vertical wall of a Dictyodora. The
side marks are shown as irregular in occurrence,
and even moreso in Pfeiffer’s (1968, PI. 9:1-4)
photographs. These backfill structures are clear
curving lines, in places only on the side segments, elsewhere traversing the central portion
also. Some parts show only the central tunnel
and no side marks; elsewhere the whole complex
burrow fill seems to be absent, leaving a depressed hollow marked by faint transverse backfill structures that project slightly laterally.
Pfeiffer (1968:686-687) accepted Geinitz’s interpretation of the traces as Phyllodocites (i.e. large
Nereites-like forms). Note that so-called Phyllodocites thuringiaca occurs almost exclusively at
Koselstein and Grunau, in rather large numbers,
and associated with D. liebeuna.
Crossopodia henrici Geinitz (1867b:5, PI. S:1,
2) is a basal burrow form, rather similar to ‘Nereites loomisi’. The central canal is 2-3 mm
broad, and the whole trace, 10-20 mm broad.
There are 11-12 lateral backfill structures per cm
length, and the central portion may be ‘elevated
keel-like’ and may show complex chevron-like
backfill marks (Geinitz 1867b, PI. 5:l; Fig. 7C
herein). The specimens of ‘Crossopodia henrici’
figured by Volk (1964b, Figs. 14, 15; Fig. 7D
herein) are identical in proportions to ‘Phyllodocites thuringiaca’, but they lack clear backfill
marks on the lateral margins. Geinitz (1867b:S)
compared his specimens with Crossopodia scotica M‘Coy 1851 from Scotland, and it has also
recently been interpreted as the basal burrow of
a Dictyodora (Benton & Trewin 1980).
Palaeochorda (Gordia) marina (Emmons
1844), as described and figured by Geinitz
(1864:l; 1867b, pp. 14-15, PI. 6 2 , 3), has been
interpreted by many authors (e.g. Zimmermann
1892; Volk 1964b:174-176; Pfeiffer 1968:689) as

Fig. 7. Dicfyodoru liebeuna (Geinitz 1867). Koselstein Quarry, Wurzhach, Oberer Bordenschrefer, Unterkulm. Different preservational aspects and former taxonomic assignments. All figures drawn to the same scale, except G (scales shown on figure). 0A.
” w i r e s luomisi’ view of basal burrow (after Gcinitz 1867b, PI. 4:2). O B . ‘Nereites thuringiacus’ view of basal burrow (after
Geinitz 1867b, PI. 3). O C . ‘Crossopodia henrici’ view of basal hurrow (after Geinitz 1867b, PI. S:l). 0 D. ‘Crossopodiuhenrici’
view of basal hurrow (after Volk 1964b, Fig. 14). 0 E. ‘Palaeochorda marina’ view o f basal burrow (after Geinitz 1867b, PI. 6 : 3 ) .
0F . ‘Palaeochorda spiralis’ view of basal burrow (after Geinitz 1867b, PI. 6 : l ) . 0G . Vertical section through part of a Dictvodora
fiebeana spiral (after Pfeiffer 1959, Fig. 3 ) . 0H. Bedding plane view of regularly meandering wall (original). 01. View of wall
showing striation pattern (after Weiss 1884b, PI. 12:s).
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the central portion of the basal burrow (the 1-5
mm diameter circular tunnel) without the side
marks. It is frequently preserved as a regular
spiralling form, doubtless from the base of the
conical structure (Fig. 7E).
A form that is very similar, but has not been
interpreted as part of the Dictyodoru structure
hitherto, is Pulueochordu spiralis Geinitz
(1867b:15-16, P1. 6:l). The type specimen, and
others referred to this species (as Spirodesmos
spiralis) by Pfeiffer (1968:673474,P1. 3:6; PI.
7:l) show partial spiral patterns formed by 1-3
mm broad smooth circular burrows. The spirals
may be 40-70 mm in diameter. The specimen
figured by Geinitz (1867b, PI. 6 : l ) shows faint
lateral marks (Fig. 7G). P . spiralis occurs with
D. liebeuna and it is most probably the central
portion of the spiral structure.

Biology of DICTYODORA
LIEBEANA
Much has been written on the biology of the
supposed Dictyodoru animal (e.g. Zimmermann
1892; Pfeiffer 1959; Muller 1962, 1971; Seilacher
1967; Raup & Seilacher 1969; Papentin 1973;
Benton & Trewin 1980). It is interpreted as having travelled along the basal burrow, looping in a
more or less regular fashion to utilise efficiently a
patchy food source at one level in the sediment.
It presumably moved in loose meanders when
searching for food and looped tightly on a suitable area. Tightly looped areas with spirals also
mark changes in level within the sediment as the
animal moves up or down.
The pattern is highly regular in the tightly
looped areas and the meander length and angle
of turn increase and decrease rhythmically (Miiller 1962, 1971). The meandering behaviour may
be understood in terms of simple binary reactions to various stimuli, and these may be coded
as a system of rules (Benton & Trewin 1980510,
modified from Seilacher 1967; Papentin 1973;
Raup & Seilacher 1974; Papentin & Roder
1975):
(1) Move horizontally keeping within a single stratum of sediment.

(2) Always keep in touch with previously formed burrow while
feeding (thigmotaxis).
(3) Never come closer to a previously formed burrow than a
particular distance ‘ d (phohotaxis).

Fig. 8. Dictyodora liebeana (Gcinitz 1867). Koselstein Quarry,
near Wurzbach, Oberer Bordenschiefer, unterkulm, A , Beddine.
plane view of spiral
-.
.
.pattern of wall. x1.0. O B . Bedding
plane vicw of regular meanders of wall passing into basal
burrow at change of level. Small specimen. ~ 1 . 0 .

(4) If contact is lost with a former burrow, make a 180” turn
(homostrophy’strophotaxis).
(5) When food content of sediment falls below a certain level.
spiral up or down to a new level.
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The reactions specified in rules 2, 3, and 4 depend on the detection of previously burrowed
sediment over a short distance. Roder (1971)
found that the living polychaete, Paraonis furgens, which produces accurate planar spirals in
sand, probably detects the ‘movability of sand
grains’ with a sensory organ at the front end of its
body (Papentin & Roder 1975). The Dictyodora
animal may have employed a similar system.
Paraonis controls its depth by forming its
spirals generally at the 02/H2Sinterface in the
sediment. The Dictyodora animal may have controlled its depth by similar means, or more probably by the sensitivity of its wall organ (Benton &
Trewin 1980510).
The body of the animal was probably circular
to subcircular in cross section with lateral limbs
or parapodia of some sort by which it effected its
progress through the sediment. The reinterpretation here of ‘Phyllodocites thuringiaca’ offers
possible new insights into the nature of the animal’s movement. There is clear back-packing of
sediment within the central tunnel, and regular
lateral movement of parapodia producing unclear, almost Nereites-like, traces. This tripartite
division of the basal burrow does not occur in the
Lower Palaeozoic Dictyodora, but backfill structures are clear there also, and D . scotica shows
possibly similar zonation in cross-sections of the
basal burrow (Benton & Trewin 1980:504, Fig.
1B). The Carboniferous Dictyodora animal was
probably larger, and certainly had a far longer
wall organ than D. scotica or D. zirnrnerrnanni,
and it may have required relatively larger ‘parapodia’ to be able to move.
The side marks run at an angle of about 45”
from the direction of travel, and they may be
slightly curved. They terminate in a sharp point,
or fuse with adjacent marks. These features suggest a backwards sweeping movement of a simple
conical, distally pointed ‘limb’ of some kind
which, in combination with the peristaltic passage of sediment through the gut and backpacking, caused the animal to advance.This movement is envisaged as being relatively rapid, as the
basal burrow may extend for a metre o r more
(Geinitz 1867b, PIS. 3, 4) with no apparent interruption to the motion.
The wall organ, possibly a respiratory device
(Benton & Trewin 1980:508), was evidently very
long in D. liebeana (up to 16 cm: Weiss
1884b:87), and yet its base was relatively narrow
(1-2 mm). It apparently followed the progress of
the animal’s body in a passive fashion, curved
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backwards, and dragging along the line of least
resistance through the mud. This is shown by the
wall striations (Fig. 71) and the fact that the wall
always curves inwards and upwards at the bends,
taking the shortest route possible.This model
seems incredible when one considers the height
and thinness of the wall organ.
The specimens of D. liebeana from Koselstein
and elsewhere are apparently relatively little distorted during lithification of the mud, and the
clear preservation of the trace also suggests that
there was little compaction after it had been
formed. This leads to the conclusion that measurements taken from the trace fossils are close to
the original proportions, and that the mud in
which the Dictyodora animal was performing was
relatively water-free. The wall organ must have
been an exceedingly tough, flexible structure,
probably a mid-dorsal crest rather than a simple
tube, and it may have had a sharp leading edge
to cut through the stiff mud, and have been
covered with cilia to ease its progress in small
jerks as it followed the body hauling itself along
below.
The Koselstein shales are black and the sediments were probably anoxic. However, the common assumption that all black shales were totally
anoxic and azoic is clearly not true. Studies in
present-day marine environments show that bottom waters with very low levels of dissolved oxygen support infaunas of tiny worm-like animals
(Rhoads & Morse 1971). Ancient black shales
may also contain burrows attributable to similar
animals, generally with a diameter less than 2
mm (Byers 1979).The benthonic infauna of the
Lower Carboniferous of Thuringia was abundant
and diverse, and some of the animals were relatively large (e.g. D. liebeana), and they may have
required special breathing devices. This tends to
support our earlier interpretation of the wall organ as a respiratory device that poked up into the
clear water above the sea bed and supplied the
animal with oxygen while it fed on buried decomposing plant and animal material and anaerobic
bacteria.
The spiral portion, characteristic of the D. liebeana trace, represents a point at which the animal passed up (or down) in a screw-like pattern
to a particular level where normal meandering
takes place. In order to do this, the animal evidently has to ‘wind’ its way, possibly as a means
of thoroughly testing different levels for food
until it reaches a suitable spot, or possibly because of mechanical constraints on the animal
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Fig. 9. Percentage presence of major trace fossils in three
Thuringian ichnofaunas (others contain too few specimens for
analysis): Nereitenquarrir (Lower Devonian), Unferer Bordenschiefer (Hasenthal zone: Lower Unterkulm), Oherer Bordenschiefer(R0ttcrsdorf zonc. Upper Unrerkulm).Percentagesestimated from my collections, and count of specimens mentioned
by Hundt (1931h). Volk (1964h), and Pfeiffcr (1968).

with its cumbersome wall organ. The basal burrow in the spiral areas generally lacks side marks,
which may indicate a different, possibly slower,
mode of locomotion without the use of the 'parapodia'. The basal burrow tends to slope down
and inwards in the spiral areas (Fig. 7G), a kind
of 'cornering' effect, presumably necessary to
accommodate the steep inwards angle of the
wall.
When travelling on the sea bed (? producing a
typical Nereites trace), the Dicfyodora animal
may have folded its wall organ back, or allowed
it to trail in the still water above.
Seilacher (1974240) suggested that one Dicfyodora trace represented the 'work of a lifetime', but this seems highly unlikely. The animal
passed through the sediment only once - there is
no indication of re-using the same burrow - and
the regularity of backfill and striation marks suggests continuous movement. Individual traces
may be followed for some distance without any
evidence of growth. The living polychaete Paraonis produces roughly comparable spiral burrows deep in sediment within a few hours (Roder
1971).

Dictyodora and the 'deep-sea'
Nereifes Association
Dictyodora is normally regarded as typical of the
deep-sea Nereites Facies (Seilacher 1978), and it
occurs normally in flysch facies (e.g. Upper Ordovician Barrancos Shale of Portugal (Delgado
1910), Lower Silurian Gala Group of Scotland

(Benton & Trewin 1980), Lower Silurian Aberystwyth Grits of Wales (Crimes 1970:109-110),
and Lower Carboniferous Bordenschiefer of
Thuringia (Pfeiffer 1959, 1968; Miiller 1962,
1971; Volk 1964b). The association of Dicfyodora with Diplocraterion in the Hauptquarzit of
Thuringia is unusual. Diplocraterion has hitherto
been reported only from shelf situations (tidal
zone to offshore; Goldring 1962; Hantzschel
1975:W62; Seilacher 1978: 176). Planolites is a
well-known facies-crossing trace fossil.
The Nereitenquarzit contains some trace fossils
like Nereites, Lophocteniurn, Protovirgularia,
Phycosiphon and Protopaleodictyon (Fig. 9)
that are typical of the Nereites Association (Seilacher 1978). However, the complete absence of
Dicfyodora from extensive collections in the Nereitenquarzit, the abundance of burrow forms,
and the association of the trace fossil beds with
sandstones containing shallow water body fossils
suggests environmental control within the Nereites Association here.
The Unterkulrn Bordenschiefer has a more
typical flysch ichnofauna. However, its character
changes over time, with Phycosiphon dominant
at first, and Dictyodora becoming extremely
abundant in the Rottersdorf zone (Koselstein,
Grunau quarries; Fig. 9). This, again, suggests
environmental control, since the same trace fossils are present, only in different proportions.
Seilacher (1974) divided his Nereites facies into
a Nereites subfacies (distal parts of fans with thin
laminae of mudstone and sandstone, characterised by Oldhamia, Chondrites, Nereites, Dictyodora, Phycosiphon, Zoophycos, etc.), and a
Paleodictyon subfacies (thicker turbidites preserving secondary casts of Paleodictyon and similar open burrow systems). Analyses of trace fossils over the area of ancient deep-sea sand fans
(Crimes 1970, 1977; Ksigikiewicz 1970) show
different assemblages in proximal and distal portions. Burrows may occur in the former, and
more typical flysch forms (meandering and patterned trails and burrows, faecal strings) in the
latter. Since water depths probably did not vary
greatly along the length of the fans, other environmental factors must be sought to explain the
different assemblages: substrate (grain size, rate
of deposition, degree of compaction, water content, substrate movement, aeration), bottom water (suspended material, currents, aeration, temperature), food availability (in suspension and
buried), predation and competition, distance
from shore.
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Preservation potential is also of great importance (Crimes 1977), and it will also depend on
many of the factors of substrate and bottom water just mentioned, but particularly on rate of
deposition, thixotropy of mud, energy of turbidite flow, and size of producers. Ksigzkiewicz
(1970) found relationships between trace fossils
preserved and thickness of sandstone layers,
grain coarseness, character of the sole of sandstone units, and aeration of the bottom (as indicated by the colour of the sediments and abundance of microfossils).
Thus, the Nereitenquarzit probably represents
a more proximal part of the flysch than the Bordenschiefer, and this is supported by evidence
from trace fossils, sedimentology, and body fossils.
Seilacher (1974, 1977a) has shown that there is
a general increase in diversity of trace fossils over
time in flysch facies. The data presented here
tend to support Seilacher’s conclusions (Upper
Ordovician, 3 species; Lower Devonian, 13 species; Lower Carboniferous, 23 species), although
the latter figure is closer to those that he gives for
Cretaceous-Tertiary flysch. Pfeiffer’s (1968) figure of 44 species would be even more anomalous. Pickerill (1980) gives a total of 23 species
for an Ordovician assemblage from New Brunswick, Canada, far higher than Seilacher’s predicted diversity of 4-8. Pickerill suggests reasonably that diversity models at present suffer from
inadequate study of certain geological periods,
especially in the Palaeozoic and early Mesozoic.
However, it is likely that a true picture of diversity evolution over time cannot be obtained simply
by plotting totals for various flysch formations. It
is clear that there is the possibility of a broad
range of environmentally controlled ichnofaunas
in any one sand fan, and the total figure may
represent only one such assemblage, or several
assemblages that may be as distinct as any series
of shelf ichnofaunas. Preservation potential, dependent on sedimentary conditions, will also alter the figures. Thus, ‘deep-sea’ trace fossil diversity in any one geological period may show a
broad range, dependent on environmental and
preservational factors (e.g. Ordovician, 4-23;
Carboniferous, &23), and this may mask real
trends through time.

Evolution of Dictyodora
Seilacher (1967, 1974) has proposed an elegant
model for the development of structural com-
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plexity and efficiency of the Dictyodora animal
through time. The Thuringian sequence, described here, contains one of the oldest and simplest representatives of the genus, D . zimmermanni, and the most advanced, D . liebeana (note
that we regard the Precambrian D. simplex Seilacher 1955 as not a true Dictyodora since it lacks
a distinguishable basal burrow and wall: Benton
& Trewin 1980:502).The new information presented here confirms and supplements Seilacher’s conclusions. Seilacher saw the evolution
of Dicvodora as unusual in that size increased
over time, whereas in other groups (e.g. Paleodictyon) size tends to decrease. It can be seen
that size did decrease and efficiency of meandering improved between the Ordovician and the
Silurian (Fig. 10). However, in general, the Carboniferous specimens are rather larger than D.
zirnmermanni.
The major developments over time, as shown
by a comparison of D. zimmermanni and D.
liebeana (Fig. l o ) , are:
( I ) Increase

in

height of wall.

( 2 ) Development ot tight \piralling cone structure fur level
changes in the scdimcnt.

(3) Development of large ‘parapodia’ to effect progress
through the 5cdirnent.

(4) lncreaw in regularity of meandering

The key feature seems to be the increase in the
height of the wall.This may have led to problems
in changing level in the sediment, and spiralling
behaviour had to evolve in order to allow the
longer wall organ to move vertically in the sediment (compare Fig. 10A and D).The long wall
organ must have presented considerable resistance to movement through the mud, and relatively larger ‘parapodia’ were necessary. Finally,
the improvement in regularity of meandering has
been seen as evolution in efficiency of feeding on
patchy food distributions (Seilacher 1967, 1974;
Papentin 1973).
Why did the wall organ become so high in the
Carboniferous animal? It could be an adaptation
to feeding at an otherwise unexploited depth in
the sediment, possibly occasioned by pressure
from the increased diversity of new shallow infaunal feeders (e.g. Chondrites, Lophoctenium,
Phycosiphon, Protopaleodictyon). It could also
be associated with oxygen levels in the sediments
and bottom waters. The Lower Palaeozoic forms
from the Hauptquarzit of Thuringia, and the
Gala Group of Scotland, occur mainly in red o r
purple mudstones, and the colour may indicate
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Fig. 10. Early evolution of Dicryodoru. 0A . D. zrmmermunni, Hauptquarzit (Upper Ordovician), Thuringia (hased on specimens). O B . I). scorica, Gala Group (Lower Silurian), Scotland (after Benton & Trewin 1980, Fig. I A ) . O C . D. tmuis, Gala
Group (Lowcr Silurian), Scotland (hased on Benton & Trcwin 1980). 0 D. D.lieheunu, Bordenschiefer (Lower Carboniferous),
Thuringia (hascd on specimens; Pfeiffer 1959, Fig. 3; Seilacher 1967). All drawn to same scale. More advanced spiral forms are
figured hy Seilacher (1967, 1974).

an oxidising depositional environment or an oxidising source area (Ziegler & McKerrow 1975).
In any case, oxygen levels were probably higher

than in the Culm of Thuringia where a respiratory organ that projected well above the sea floor
may have been essential for deep burrowers.
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Conclusions
A comparison of Ordovician and Carboniferous
Dictyodora shows that the most important evolutionary change was the increase in wall height.
This led to an increase in size overall, and in
complexity, and the changes probably all permitted the animal to feed deeper in anoxic sediment.
Dictyodora became extinct at the end of the
Early Carboniferous in East Germany and Austria, possibly with the closure of the Rheic
Ocean. No living animal is known that produces
such a trace, and it is unclear what animal fills
the same adaptive zone in modern oceans. The
Dictyodoru animal may have belonged to a softbodied group as yet unknown.
Palaeozoic flysch mudstone trace fossil assemblages of East Germany and elsewhere show
very different characters. Some are dominated
by Nereites, and others by Dictyodora, often to
the total exclusion of each other. Environmental
control probably depended on subtle variations
in oxygen content of the mud and bottom water,
the physical characteristics of the sediment, frequency of turbidite influx, and nature of food. It
is also likely that large depositional areas were
dominated by the key controlling conditions
since the character of the trace fossil assemblages
is often constant in space and time within extensive formations. Many of these factors may be
determinable from the sediments, and further
studies of the trace fossils of Lower Palaeozoic
ocean-floor and trench deposits should reveal
what they are.
A cknon~ledgements.- I thank Dr. Nigel H . Trewin for reading
various editions of the manuscript and for offering helpful
comment,.
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