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ABsTRACT—T he systematic position of the Ordovician cal careous microfossil Halysis Heeg, 1932 has long been uncertain. Only known
from thin sections, its morphology has been suggested to be either a single chain of cells or a series of tubes and it has been regarded
as agreen alga or cyanobacterium. Here we propose that Halysis represents a single sheet of cells. This new morphological interpretation
accounts for Halysis's appearance in thin section as an extended flexuous series of cells, some of which are not seen to be in mutual
contact, exhibiting nonlinear cell-size variation. It is also consistent with the absence of tubiform sections unequivocaly attributable to
Halysis. This reassessment suggests comparisons between Halysis and Mesozoic—Cenozoic thin laminar unistratose coralline red algae.
Halysis cells are relatively large (40-210 wm), but their lower range is comparable to cells of corallinaceans such as Lithoporella
(Foslie) Foslie, 1909. Applanate thallus morphology in Halysis resembles that of thin laminar species of Lithophyllum Philippi, 1837
that were traditionally included in Titanoderma Néageli, 1858. Interpretation of Halysis as a coralline-like alga strengthens the likelihood
that a variety of corallines was present in the Ordovician, more than 300 Ma prior to the currently recognized major diversification of

this important group of red algae in the Cretaceous.

INTRODUCTION

THE QuEsT for Early Paleozoic antecedents of extant coralline
red algae (Nicholson and Etheridge, 1885; Brown, 1894;
Rothpletz, 1908; Lemoine, 1911; Pia, 1930; Ishijima, 1936; Mas-
lov, 1956, p. 195, 227; Johnson, 1956, 1960, p. 62) has continued
with the recognition of Ordovician and Silurian coralline-like al-
gee (Riding et a., 1998; Brooke and Riding, 1998). Here we
reexamine the rarely reported Ordovician microfossil Halysis
Hgeg, 1932. The morphology and affinities of Halysis have been
in doubt ever since Haeg (1932) described it as a single row of
cells of uncertain affinity. It has subsequently been interpreted as
a tubiform green alga (Guilbault et al., 1976) and as a cyanobac-
terium (Ischenko, 1985; Chuvashov et a., 1987; Munnecke et a.,
2001), and Ordovician specimens that are evidently Halysis have
been referred to the filamentous green aga Oedogonium Link,
1820 (Bian and Liu, 1999). We suggest that the more likely mor-
phology of Halysis is a single planar sheet of laterally adjoining
cells. This organization invites comparison with thin laminar (un-
istratose) coralline red algae, such as some extant species of Lith-
ophyllum Philippi, 1837 (those traditionally included in Titano-
derma Nageli, 1858). Reinterpretation of Halysis as a
coraline-like alga lends support to the view that corallines ap-
peared and diversified in the Ordovician, long before the major
expansion of modern corallines that commenced in the Creta-
ceous.

TYPE MATERIAL EXAMINED

Hgeg (1932, p. 86) established Halysis in the course of de-
scribing calcified algae of Mid-Ordovician (probably Late Aren-
ig—Early Llanvirn; see Age, below) age from the Trondheim area
of central Norway. Most samples on which Hgeg based his study
were from the fossiliferous Kalstad Limestone in Meldalen, ~50
km south-southwest of Trondheim, but the specimens with Hal-
ysis were from the Heland (or Heglanda) Limestone at Vestre Ka-
tugleds, Holandet, ~30 km south-southwest of Trondheim (see
Kiaa, 1932, fig. 1) and were collected by Trygve Strand. Hgeg
(1932, p. 87) found *‘less typical specimens, perhaps not specif-
ically identical in many preparations of the Kalstad Limestone.”
The Halysis collection (thin section Series T1-T57) was deposited
in the Palaeontological Museum, Oslo University. The original
specimens with confirmed Halysis from the Haland Limestone at
Vestre Katugleds were T56, T56b, and T57. Of these, T57 is
missing (Franz-Josef Lindemann, personal commun., 2000). We
have examined the remaining slides T56 and T56b. The current

museum numbers of these slides are PMO 120.769 (for T56) and
PMO 120.770 (for T56b).

SYSTEMATIC PALEONTOLOGY

Division? RHopoPHYTA Wettstein, 1901
Class? RHoDOPHYCEAE Rabenhorst, 1863
Order? CorALLINALES Silva and Johansen, 1986
Family UNCERTAIN
Genus HALYsIs Hgeg, 1932

Type species.[1 Halysis moniliformis Hgeg, 1932, p. 86, fig. 12,
pl. 7, figs. 1-3, by monotypy.

Diagnosis.C] Thallus thin, single layer of laterally linked, cal-
cified, large square to rounded rectangular, occasionally elongate,
cells, walls thin, micritic.

HALYSIS MONILIFORMIS Hgeg, 1932
Figure 1
Halysis moniliformis Heec, 1932, p. 86, pl. 7, figs. 1-3.
Syniella silurica (pars); Lipina, 1959, fig. 10.
?9yniella lucida LipINA; PRONINA, 1963, pl. 2, figs. 7, 8.
Flabellia basifixa (pars); SHuysky, 1973, pl. 7, figs. 3, 4.
non Halysis moniliformis HgeG; GUILBAULT ET AL., 1976, pl. 3, figs. 5-8.
non Halysis moniliformis Heec; PoNnceT, 1986, pl. 3, fig. 9; pl. 4, figs.
1 2

non Halysis moniliformis HgeG; MAMET ET AL., 1992, pl. 1, figs. 13-17.

Type material.[0 Mid-Ordovician (probably Late Arenig-Early
Llanvirn, see Age), Hgland Limestone, Vestre Katugleas, Holan-
det, Norway (see ‘' Type Material Examined,” above): specimens
T56 and T56b of Hgeg (1932, p. 86), numbered PMO 120.769
and PMO 120.770, respectively, in the collections of the Palaeon-
tological Museum, Oslo University, Oslo.

Lectotype.[] Hgeg (1932) did not select a holotype for Halysis
moniliformis and so far as we are aware none has subsequently
been chosen. Of the syntypes on which Hgeg based the species,
only two are currently known to be extant: PMO 120.769 (for
T56) and PMO 120.770 (for T56b) (see *“ Type Materia Exam-
ined’”). We here select PMO 120.769 (for T56) as lectotype. T56
is emphasized in Hgeg's figures (Haeg, 1932, pl. 7, figs. 1, 2) and
the other figured syntype, T57 (Heeg, 1932, pl. 7, fig. 3), is lost.

Diagnosis.[] Halysis with very large cells.

Description.[] The lectotype (PMO 120.769) occurs as a well-
preserved unistratose series of at least 32 cells (see Hgeg, 1932,
pl. 7, figs. 1, 2) (Fig. 1.1, 1.2). The cells range 65-160 pm in
diameter parallel to the axis of the series (mean 101 wm) and 80—
190 pm in diameter normal to the axis (mean 143 um) (Fig. 2).
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Ficure 1—Halysis moniliformis Hgeg, 1932, Mid-Ordovician (probably Late Arenig—Early Llanvirn), Hgland Limestone, Vestre K atugles, Holandet,
Norway. 1, Thin section, lectotype, PMO 120.769 (T56), entire specimen, showing a series of at least 32 circular to elliptical cells, interpreted
here as a thin sheet of cells, X20; 2, detal of cells at the left-hand end of the series in 1, walls between adjacent cells are thin, but their inner
and outer surfaces appear locally veneered by biofilm micrite that gives the wall a variably thickened appearance, X100; 3, thin section, syntype,
PMO 120.770 (T56b), series of cells showing variation in shape and size, the cell at the right-hand end is circular, those to the left are laterally
compressed, X50; 4, detail near the center of the series in 3, including adjacent cells that are not in contact, note thin micritic walls, and individual

walls to juxtaposed cells giving a *‘ double-wall”” appearance, x<100.
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Ficure 2—Plot of external cell height (normal to axis of series) against
external width (parallel to axis) in Halysis type specimens PMO
120.769 (T56) and PMO 120.770 (T56b). Variation is likely in part to
be due to the position of the section relative to each cell.

Within the series, cells therefore range more than two-fold in size.
Most cells are closely juxtaposed and their adjacent sides are flat-
tened, whereas dorsal and ventral surfaces (i.e., normal to the axis
of the series) of the same cells are convex outwards. Juxtaposed
cell walls are thin, but external and internal surfaces locally ap-
pear to be coated by micrite, possibly a calcified microbial biofilm
(Fig. 1.2) (also see Riding and Fan, 2001, pl. 3, fig. 3, and Riding,
2002).

Specimen PMO 120.770 (T56b) contains a similar series of at
least 12 cells that is truncated by the margin of the section (Fig.
1.3, 1.4). These cells are somewhat larger than those of the lec-
totype, ranging 75-185 pum parallel to the series axis (mean 125
pm) and 145-210 pm normal to the axis (mean 176 pm), and
range slightly lessin size. Taken together, the cells in the lectotype
and this specimen range 65-185 pm paralel to the series axis
(mean 107 pm) and 80—210 pm normal to the series (mean 152
pm) (Fig. 2). . N .

In specimen PMO 120.770 (T56b), in addition to juxtaposed
laterally compressed cells, some cells are not seen to touch, and
show ovoid-to-circular shape (Fig. 1.3, 1.4). We attribute lack of
observed contact to random sectioning and expect adjacent cells
to be at least in partial contact. Cell walls are uniformly thin
(approximately 5-12 wm) on both dorsal and ventral, as well as
lateral, surfaces in PMO 120.770 (Fig. 1.4).

Some walls of juxtaposed cells appear to be triple or double:
‘““the walls sometimes consist of more layers’ (Hgeg, 1932, p.
86). The ““double” wall (Fig. 1.4) appears primary, resulting from
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each cell having its own individual wall. We tentatively ascribe
the triple appearance (Fig. 1.2) to local development of fibrous
cement layers.

Thin sections PMO 120.769 and PMO 120.770 are of dlightly
sheared but nonetheless well-preserved shelly limestone (pack-
stone texture), aso containing the cyclocrinitid Apidium rotundum
Hgeg, 1932 (see Heeg, 1932, pl. 7, fig. 6), echinoderm debiris,
occasional ostracodes, calcified spherical microfossils, and frag-
ments of possible graptolites.

Age.] In Kiaa’s (1932, p. 38) opinion, the Haland Limestone
(from which Halysis was described) could be matched with the
Kalstad Limestone in nearby Meldalen. From the coral fauna,
Kiga (1932, p. 33) proposed that the Kalstad Limestone could be
coeval with the Stinchar Limestone of southwest Scotland. This
would suggest a Llanvirn-Llandeilo age. Subsequently, Neuman
and Bruton (1974) described Whiterock macrofossils (including
brachiopods and trilobites) from siltstones of the Hglanda area
and Bergstrom (1979) reported Whiterock conodonts from the
Hgland Limestone. These assemblages of North American type
(see aso Bruton and Bockelie, 1980) indicate a Late Arenig—
Early Llanvirn age for the Haland Limestone (Dean, 1985, p. 35)
and we accept this as the current best estimate of its age.

HAaLvysis yul (Bian and Liu, 1999) new combination

Basionym.[J Oedogonium yui Bian and Liu (1999, Discovery
of Late Ordovician algal fossils of Oedogoniaesin Jiangxi Prov-
ince, China. Acta Palaeontologica Snica, 38(1), p. 49, pl. 1, figs
1-6).

Diagnosis.[1 Halysis with small cells and somewhat flattened
surfaces to one side of the thallus.

Holotype.[] Bian and Liu (1999, p. 49, pl. 1, figs. 2, 3) selected
their specimen DW30-20 as the holotype of Oedogonium yui.
This, and the paratype specimens, are from the Sanqushan For-
mation (Ashgill) of Yushan County, Jiangxi Province, China. The
type materia is deposited in the Department of Earth Sciences,
Nanjing University, Nanjing.

Discussion.[] Fossils described by Bian and Liu (1999) from
the Ashgill (Late Ordovician) of Jiangxi, southeast China, as Oed-
ogonium yui are evidently Halysis and are not readily referable
to the filamentous green alga Oedogonium. The calcareous fossils
described by Bian and Liu (1999) are from marine patch reefsin
the Sanqushan Formation. Present-day Oedogonium is restricted
to freshwater. It can occur in fluvia tufas (see Tappan, 1980, p.
55, p. 833) but is otherwise uncalcified. So far as we are aware,
the only oedogonialean hitherto described from the Paleozoic, Pa-
leooedogonium Baschnagel, 1966, is a very small (cells4 pm in
diameter) fossil in Mid-Devonian chert (Baschnagel, 1966) and
shows no evidence of calcification.

Comparisons.[] Halysis yui differs from Halysis moniliformis
only in having distinctly smaller cells (generally less than 70 pum
in largest dimension) and more flattened external thallus surfaces.
Future work may show that these differences are insufficient to
warrant its separation from Halysis moniliformis.

DISCUSSION OF MORPHOLOGY AND AFFINITY

Thallus morphology.[] Halysis has only been observed in thin
section. The type material of H. moniliformis is in the form of
gently flexuous unbranched series of up to 30 or more rounded
quadrate cells with mean larger dimension/smaller dimension ra-
tios of approximately 150:100 pwm. Cell size varies along the row,
by up to 100 percent, but this variation is not systematic and does
not, for example, result in unidirectional tapering. Two morpho-
logical interpretations have been proposed to account for Halysis's
two-dimensional appearance: a single chain of cells and parallel
juxtaposed tubes. We suggest a third interpretation—that Halysis
is a sheet of cells.
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1. Single chain of cells. Haeg (1932) concluded that Halysisis
filiform (threadlike), although he was puzzled that a single row
could be “cut in such a way.” By this he meant that very for-
tuitous longitudinal sections would be required to produce the
observed long series of cells if they are in the form of a single
chain. Bian and Liu (1999) aso regarded their specimens (which
they referred to Oedogonium) as filamentous (see H. yui, below).

2. Parallel juxtaposed tubes. Until now, authors since Haeg
(Héroux et a., 1977, p. 2897; Poncet, 1986, p. 267; Mamet et a.,
1992, p. 220) have adopted a different interpretation, proposed by
Guilbault et al. (1976, p. 128, fig. 5), that Halysis is a sheet of
parallel juxtaposed tubes. The assumption is that specimens such
as the type material are only sectioned normal to the tube axes,
and therefore do not show the inferred tubiform structure. Haeg
(1932, p. 86-87) himself specifically rejected this possibility be-
cause he did not find ““any structures which could be regarded as
longitudinal sections of such tubes.” Tubiform fossils have none-
theless subsequently been attributed to Halysis (Guilbault et al.,
1976, pl. 3, figs. 6-8; Poncet, 1986, pl. 3, fig. 9), but these are
questionable (see Previous attributions, below) on the grounds
that i) there is no firm reason to link them with Halysis and ii)
there are numerous other microfossils (e.g., Syniella, Flabdllia,
Rothpletzella Wood, 1948) to which these tubes might be attrib-
utable.

3. Sheet, one cell in thickness. We concur with Heeg that Hal-
ysis is not tubiform, because we observe no lateral elongation of
cells, which would be expected in oblique sections of tubes. How-
ever, we also reject Hgeg's interpretation, which he himself was
not totally satisfied with, that Halysis represents a single row of
cells, because of the unlikelihood, as Hgeg noted [see (2) above],
of obtaining such a long section of a filament of flexuous cells.
The type materia is best explained as a single sheet, rather than
a single row, of cells. So far as we are aware, this interpretation
has not been previously considered. However, it accounts well for
the appearance of the type material: a long, flexuous series of
more than 30 cells, some of which do not appear to touch one
another (Fig. 1.4), exhibiting nonlinear cell-size variation (Hgeg,
1932, pl. 7, fig. 1), and absence of tubiform sections unequivo-
caly attributable to Halysis.

Munnecke et al. (2001, p. 32, fig. 2a) observed ~30 specimens
of Halysis in a single thin-section of the Hogklint Beds (Silurian,
Gotland). A striking feature is that despite the differing orienta-
tions of these Halysis specimens, none clearly shows tubiform
arrangement. At most, cells are elongate with dimensions of up
to ~30 X 90 pwm (Munnecke et a., 2001, fig. 2a). SEM micro-
graphs of a single specimen from the same locality (Munnecke et
al., 2001, fig. 4c) show progression from ovate cells (~26 X 50
pm) to elongate cells (~30 X 115 pum) in the same specimen.
These are the most elongate cells confidently attributable to Hal-
ysis that we have observed.

It is noteworthy that Miretskaya (1988, pl. 33, fig. 2) illustrates
a Devonian specimen of Halysis that shows four superimposed
layers. Late Ordovician specimens of clusters and short series of
contiguous 50-100 pwm diameter spherical cells from Anticosti
Island, eastern Canada, attributed to Rauserina notata Antropov,
1950 by Mamet et a. (1992, p. 240, pl. 11, figs. 1, 4, 5, 7) and
regarded by them as calcispheres, may possibly represent sections
cut both anticlinal (normal) and periclinal (parallel) to Halysis
sheets. If this is correct, then these are the first examples of per-
iclinal sections of Halysis sheets to be recognized.

On amore genera note, the arguments assembled here in favor
of regarding Halysis as a sheet rather than filament of cells could
also be applied to some other microfossils that hitherto have gen-
erally been regarded as single filaments of cells.

Previous attributions.O Lipina (1959, figs. 9-11) attributed
several Halysis-like specimens of Silurian age from Siberia to
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Ficure 3—Lithoporella sp., showing the thin laminar organization of the calcified cells, arrowheads point to fused cells, sub-Recent (core of living
rhodolith nodule), eastern Australian shelf off Fraser Island, Queensland, DR.019.2, X 125. 2, Lithophyllum pustulatum (Lamouroux) Foslie, 1904,
showing two confluent thalli, each thalus is one cell in thickness since epithalial cells are not preserved, Upper Pliocene, Cabo Roche, Cadiz,
Spain, AG-TPN-1, X150. Both specimens in Museo de Paleontologia, Departamento de Estratigrafia y Paleontologia, Universidad de Granada,

Spain.

Syniella silurica, including the holotype of S. silurica (Lipina,
1959, fig. 9). Of these specimens, we definitely regard that figured
in Lipina (1959, fig. 10) as Halysis. Lipina (1959) grouped these
specimens, that show sheets of cells, together with others (e.g.,
Lipina, 1959, fig. 12) that are clearly tubiform, but we do not see
convincing evidence that these specimens are taxonomically re-
lated. Specimens attributed to ?Syniella lucida by Pronina (1963,
p. 12, pl. 2, figs. 7, 8) from the Silurian (Ludlow) of the Ufa
region are also referable to H. moniliformis (see Guilbault et al.,
1976, p. 130). Two specimens attributed to Flabellia basifixa by
Shuysky (1973, pl. 7, figs. 3, 4) from the Early Devonian of the
southern Urals are referable to H. moniliformis, but these do not
include the holotype of F. basifixa which is the type species of
Flabellia and, in consequence, we do not regard Flabellia as a
synonym of Halysis (cf. Guilbault et a., 1976, p. 130; Munnecke
et a., 2001, p. 24).

Some previous attributions of specimens to Halysis are ques-
tionable. These include tubiform fossils figured by Guilbault et
al. (1976, pl. 3, fig. 5, and especidly figs. 6-8) from the Early
Ordovician of southern Québec and by Poncet (1986, pl. 3, fig.
9) from the Ordovician of the Hudson Bay region. A specimen
attributed to Halysis by Poncet (1986, pl. 4, fig. 1) resembles
Flabellia (cf. Mamet et al., 1992, pl. 1, figs. 8-12). In addition,
we do not regard fossils with relatively thick walls and tapered
arrangement, referred to Halysis by Mamet et a. (1992, pl. 1,
figs. 13-15, 17) from the Late Ordovician—Early Silurian of An-
ticosti Island, Québec, as belonging to Halysis. However, one less-
tapered specimen with thin walls between cells (Mamet et d.,
1992, pl. 1, fig. 16) does resemble Halysis, but at one end it has
two or three short elongate cells that appear tubiform. Future re-
search should cast light on such specimens and their relationship,
if any, to Halysis. We were unable to compare Halysis sphaericus
Saltovskaya, 1984, which Mamet et al. (1992, p. 220) regard as
a junior synonym of H. moniliformis. However, a specimen of
Mid-Devonian age from Salair (~200 km east-southeast of No-
vosibirsk) attributed to H. sphaericus by Miretskaya (1988, pl.
33, fig. 2) morphologically closely resembles H. moniliformis but
is smaller, about half the size, and so could be referred to Halysis
yui. Pohler and James (1989) figured Halysis from the Early Or-
dovician (Arenig) of western Newfoundland. We consider that
severa of their figures (pl. 49, fig. 2; pl. 50, fig. 2; pl. 54, fig. 2)
probably do show Halysis. But we consider that the specimen
shown in Pohler and James (1989, pl. 54, fig. 1) is not Halysis;
it may instead be Rothpletzella. It shows branching tubes that are

noticeably smaller (~25 wm) in diameter than Halysis cells fig-
ured by Pohler and James (1989) (~100 wm). Among specimens
attributed to Halysis by Munnecke et al. (2001), we do not regard
the tubiform fossils shown in figures 3b, 3c, 3d, and 4 as Halysis.

Affinity.0J Hegeg regarded Halysis as undoubtedly organic and—
because he interpreted it as filamentous—compared it to filiform
(threadlike) algae. But he commented that ** as to the systematical
position we do not have sufficient base for judgement” (Hgaeg,
1932, p. 87). Consequently, he placed Halysis in incertae sedis.
Ischenko (1985, p. 52) and Chuvashov et al. (1987, p. 30) placed
Halysis in the cyanobacteria. Most other authors have regarded
Halysis as a green alga, following Guilbault et al. (1976, p. 128)
in tentatively placing Halysis in the Codiaceae (=Udoteaceae)
(Héroux et al., 1977, p. 2897; Poncet, 1986, p. 267; Mamet et al.,
1992, p. 219). Bian and Liu (1999) referred fossils from China
here recognized as Halysis to the extant chlorophyte Oedogonium.
Munnecke et al. (2001, p. 27) suggested that Halysis is a cya-
nobacterium. They based this view on the interpretation that Hal-
ysis has a tubiform morphology and that its finely granular skel-
etal ultrastructure is similar to that of Girvanella Nicholson and
Etheridge, 1878.

We consider that Halysis cells are equidimensiona to elongate,
rather than filamentous, and that this precludes comparisons with
Oedogonium, udoteaceans, and filamentous cyanobacteria. Even
if Guilbault et a.’s (1976, p. 128) assumption that Halysis is tub-
iform were correct, its organization would not closely resemble
that of calcified udoteaceans, and sheath-envel oped cyanobacterial
trichomes preserved as calcified tubes are much smaller in di-
ameter than Halysis cells. Furthermore, microgranular ultrastruc-
ture is widespread in calcified fossils of many types and does not
congtitute a firm guide to affinity. We conclude that there is no
evidence available to support assignment of Halysis either to chlo-
rophyte algae or to cyanobacteria.

Recognition of Halysis as a sheet of cells suggests comparison
with coraline red algae such as Lithoporella [(Foslie) Foslie,
1909] (Fig. 3.1) and laminar species of Lithophyllum (Fig. 3.2).
Specific similarities with some corallines include:

1. Cell size. Lithoporella (Fig. 3.1) has cells commonly 50—75
pwm in size. Mastophora Decaisne, 1842 has cells with dimensions
of ~50 wm. Whereas these sizes are at the lower end of the range
in the type material of H. moniliformis (Fig. 2), they compare
closely with the cell sizes reported in H. yui (40-68 pum, Bian
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and Liu, 1999, p. 49). In other genera, such large cells are un-
common but nonetheless may occur in some locations in the thal-
lus, such as at the centers of bends in cell rows. In the cores of
the branches of some species of Lithophyllum [e.g., L. trochanter
(Bory) H. Huvé ex Woelkerling, 1998], cells up to 200 wm long
occur (Woelkerling, 1998).

2. Cell shape. Equidimensiona (rounded or square) cell shape
is common in modern corallines, including species of Lithoporella
(Fig. 3.1). Halysis also shows elongate cells normal to the surface
of thethallus, e.g., Munnecke et al. (2001, fig. 4c). Elongate (‘ pal-
isade’) cells similar to these are common in unistratose (sheetlike)
coraline algae (see Woelkerling, 1988, figs. 94, 95, 115). The
assumption that Halysis has the form of a sheet of cell filaments
probably implies dimerous organization, with adjacent and divid-
ing cell filaments spreading over a surface.

3. Wall structure. We have not observed cell fusionsin Halysis,
but these are not present in all corallines. Pit connections, typical
of present-day corallines that lack cell fusions, and epithalial cells
are only rarely preserved in fossil corallines. Nonetheless, the
dense, dark, calcified wall of Halysis is generaly similar in ap-
pearance to the wall in coraline algae, which is composed of
micrite-sized calcite crystals.

4. Flattening. Flattening along one side, suggesting epiphytic
habit, occurs in corallines (see Epiphytic attachment, below).

We have not observed reproductive structures in Halysis. How-
ever, this is not surprising since only a small proportion of thin
laminar individuals among modern corallines actually develops
reproductive structures, and aso in view of the fact that only a
few examples of Halysis have been described. Absence of evi-
dence for cell fusionsin Halysis means that anatomically it cannot
be directly related to mastophoroids such as Lithoporella. In this
respect, comparisons with Lithophyllum (Fig. 3.2) are more ap-
propriate.

Within the subfamily Lithophylloideae (characterized by the
presence of pit connections as the only connections between the
cells of adjacent filaments), species of Lithophyllum can show
applanate thalli with layers only two cells thick, one of which is
an epithalial cell (Woelkerling, 1988, fig. 94, as Titanoderma),
resembling Halysis. In Lithophyllum pustulatum (Lamouroux)
Foslie, 1904 (Fig. 3.4), vegetative thalli are mostly only two cells
thick and cells are square to rectangular in shape. These applanate
thalli are dimerous and in many examples only have the prostrate
filaments and one epithallia cell in the perpendicular system. In
fossils this results in a single layer of cells (Braga and Aguirre,
1995, pl. 3), similar to Halysis. Cells in L. pustulatum are gen-
erally much smaller than in Halysis: 8-77 wm in height and 6—
14 wm parallel to the growth direction on the substrate (Braga
and Aguirre, 1995).

Much older thin laminar fossils that might represent calcified
red algae are of less clear affinity than Halysis. Tenuocharta Hor-
odyski and Mankiewicz, 1990 from the Neoproterozoic (600—700
Ma) appears to consist of a single layer of 5-10 wm size cells
(Horodyski and Mankiewicz, 1990). Specimens of broadly similar
age (530—650 Ma) that have been compared with phylloid algae,
peyssonneliaceans, and corallines, are sheets up to 500 pwm thick
with elevated structures reminiscent of reproductive structures but
with poor internal preservation (Grant et al., 1991). Tenuocharta
isthe only one of these thin laminar fossils that broadly resembles
Halysis, athough it is substantialy thinner, with cell-like struc-
tures 5-10 pwm in size.

Epiphytic attachment.O In the Ordovician of Tarim, northwest
China, a Halysis-like specimen has been reported forming an ex-
ternal crust on Girvanella masses (Riding and Fan, 2001, p. 789);
otherwise, we know of no evidence of direct substrate relation-
ships in Halysis. However, some curved thalli show flattening of
the concave side (e.g., Bian and Liu, 1999, pl. 1). This suggests
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that the flattened side was ‘‘ ventral,” i.e., the side in contact with
a surface over which the filaments grew and spread, consistent
with attachment to a soft, unpreserved substrate such as an un-
calcified alga. Such epiphytic habit is common in both Lithopo-
rella and laminar species of Lithophyllum.

Comparisons.[] Halysis is distinguished from uniserial fora-
minifers, such as Earlandinita Cummings, 1955 and Paratikhi-
nella Reitlinger, 1954 (see Loeblich and Tappan, 1964, fig. 231),
in its lack of openings between cells, by possessing a long series
of cells, and by not regularly tapering. Furthermore, there is rea-
son to deduce that Halysis is a sheet, rather than a chain, of cells
(see Thallus morphology 3, above). Halysis is distinguished from
the Microproblematicum Rothpletzella by not being tubiform and,
from transverse sections of Rothpletzella, by its greater variability
in cell size and by lacking apparent equatorial skeletal flanges.
Halysis is distinguished from the Microproblematicum Flabellia
(see Shuysky, 1973, p. 52 and pl. 7, fig. 1) by not being tubiform
(see also remarks in Affinity, above).

Distribution.[] Halysis was first described from the Mid-Or-
dovician (probably Late Arenig—Early Llanvirn) of central Nor-
way (see Hgeg, 1932). But it is aso confirmed from the Early
Ordovician of southern Québec, Canada (Guilbault et a., 1976,
pl. 3, figs. 1-4), and of western Newfoundland (Pohler and James,
1989, e.g., pl. 49, fig. 2), the Mid-Ordovician of Tarim, northwest
China (Riding and Fan, 2001, pl. 3, fig. 3), Wenlock (Silurian) of
Gotland (Munnecke et a., 2001, e.g., fig. 2b), Ludlow (Silurian)
of the Ufa region (recorded as Syniella lucida by Pronina, 1963,
pl. 2, figs. 7, 8), Silurian of Siberia (recorded as Syniella silurica
by Lipina, 1959, fig. 10), and Emsian (Early Devonian) of the
southern Urals (recorded as Flabellia basifixa by Shuysky, 1973,
pl. 7, figs. 3, 4; but note that the holotype of F. basifixa is not
here regarded as congeneric with Halysis). In addition, of the
specimens attributed to H. moniliformis by Ischenko (1985, p. 52,
pls. 11, 12) from the Silurian (Bagovitskaya Suite, early Ludlow)
of Podolia, only the specimens figured in plate 11, figures 1, 4,
and 5 (and possibly 6 and 7) are here regarded as Halysis. Spec-
imens referred to Halysis by Héroux et a. (1977, p. 2897, pl. 11,
figs. 7, 8) from the Silurian (Wenlock—Ludlow) of Gaspé, Québec,
do not show the diagnostic extended series of cells, but could
belong to Halysis. Thus, Halysis moniliformis is confirmed to
range from Whiterock (Mid-Late Ordovician) to Emsian (Early
Devonian). In addition, Halysis yui (recorded as Oedogonium)
occurs in the Ashgill (Late Ordovician) of Jiangxi, Southeast Chi-
na (Bian and Liu, 1999), and possibly in the Mid-Devonian of
Salair (see Miretskaya, 1988, pl. 33, fig. 2). Thus, the confirmed
range of Halysis is Mid-Late Ordovician to Early Devonian and
the definite records (eastern Canada, Norway, Podolia, Ufa,
Northwest China, and Southeast China) confirm the cosmopolitan
distribution of the genus.

CONCLUSION

Diversification of coralline algae during the Cretaceous and Ce-
nozoic is well documented (Aguirre et al., 2000). In contrast, the
coralline record during the early Mesozoic and late Paleozoic is
sparse and controversial. The presence of coraline-like algae in
the Ordovician and Silurian is therefore significant, and the evi-
dence is increasing, despite the fact that some Ordovician fossils,
such as the Moniliporellaceae Gnilovskaya, previously regarded
as red algae (Gnilovskaya, 1972), are now suggested to be da-
sycladalean green algae (Riding and Fan 2001, p. 791-792).

Emerging information concerning Ordovician coralline-like al-
gae indicates that they exhibit a range of morphologies. Radia
monomerous or diffuse thallus organization is seen in relatively
large algae that resemble Sporolithon Heydrich, 1897, such asthe
graticulacean Petrophyton Yabe, 1912 (Brooke and Riding, 1998,
2000). Although Petrophyton is based on Cretaceous materia
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(Yabe, 1912, p. 6), in the Ordovician it occurs as P. kisai Hoeg,
1932 in the Kalstad Limestone at Knausen, Norway (Hgeg, 1932,
p. 82). If the Kalstad is indeed coeval with the Haland Limestone
(see Halysis moniliformis, Age, above) then Petrophyton kiagi is
also of Whiterock (Late Arenig—Early Llanvirn) age. Slightly old-
er Arenigiphyllum Riding, 1998 from Wales has a thin crustose
dorsiventral thallus, less than 1 mm thick, with erect filaments up
to 60 wm in diameter arising vertically from prostrate basal fila-
ments (Riding et al., 1998). This thallus structure with dimerous
organization alows Arenigiphyllum to be compared with extant
members of Corallinales, both Corallinaceae and Sporolithaceae.
In this context, recognition of Halysis as a coraline-like alga
would extend the range of thallus organization for Ordovician
coraline-like algae to include unistratose forms. The possibility
that Halysis could be a coralline therefore strengthens the intrigu-
ing likelihood of significant development of calcareous red algae
by the Mid-Ordovician, predating Cretaceous diversification of
modern corallines by more than 300 Myr.
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