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ABSTRACT

Early land plant fossils were retrieved from Bathurst Island, Arctic Canada. These plants

are preserved as compressions, impressions or rarely pyrite permineralizations in rocks of Late

Silurian and Early Devonian age. Specimens of some taxa are numerous and, sometimes,

almost complete, allowing analysis of intraspecific variability, developmental patterns and

reconstruction of the whole plant.
The majority of plant fossils are derived from the Pragian Stuart Bay beds. This flora is

currently the largest and most diverse pre-Emsian flora from North America. The flora is

composed primarily of zosterophylls; however, rhyniophytoids, lycophytes, and a trimerophyte
were also collected. Sixteen Pragian plant taxa are described herein: Cooksonia

hemisphaerica, Cooksonia sp., four species of Zosterophyllum, three of which are described as

new species, Distichophytum ovatum, two new genera bearing bilaterally arranged, dense spikes,
Bathurstia denticulata, Psitopnytites sp., Drepanophycus spinaeformis, D. gaspianus, one

trimerophyte, and two plants of unknown affinity. Zosterophyllum newspecies c, found primarily
in certain beds of the Cheyne River region is the only taxon that is isolated to specific sites or

beds on the island. This Pragian flora, correlates best to the contemporaneous floras of northern

Laurussia and Siberia.

Four species belonging to Lochkovian beds are described: Newgenus F newspecies,

Hicklingia sp., cf. Distichophytum sp. and cf. Bathurstia sp.

Of great significance is a small number of Late Silurian plant fossils collected from the

lower Bathurst Island beds in the Polar Bear Pass region. Plants from the Late Silurian are

poorly known, but most reports indicate that they were very simple. The plants from the Silurian

rocks of Bathurst Island possess advanced characteristics more typical of Early Devonian floras.

Seven taxa are described, including two new zosterophyll genera, a rhyniophytoid of unknown

genus and species, a Bathurstia-like zosterophyll bearing robust two-rowed spikes,

Zosterophyllum sp., Zosterophyllum cf. Z. newspecies b, and Distichophytum sp.
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1. INTRODUCTION

The Silurian and Early Devonian mark the early diversification of plants on land. The

small and simple plants were not only responsible for the initial "greening of the Earth", they were

fundamental to the development of terrestrial ecosystems, and are the stock from which all land

plants of subsequent ages were derived. For these reasons, the study of early land plants is

basic to understanding the evolution of both terrestrial ecosystems and the plant kingdom.

Nevertheless, our knowledge of the early diversification of plants is minute. This lack of

knowledge, along with the alien characteristics of known fossils, makes study of plants of this

time one of the most interesting areas of paleobotany today.
Molecular studies indicate that terrestrial plants had a monophyletic origin and were

derived from charophycean green algae (Kenrick and Crane, 1997a, b). The first evidence for

plant life on land can be traced back to spores found in mid-Ordovician continental deposits in

several parts of the world (Text-Fig. 1.1). The microflora from this time to the Early Silurian was

dominated by obligate tetrads, which, as today, were probably produced by algae and liverwort

type plants (Kenrick and Crane, 1997b). In the Llandoverian, trilete spores, probably produced

by bryophytes and early vascular plants, first appeared and diversified. Despite the microfloral

evidence for early plant life originating in the Ordovician, the first convincing plant macrofossils

come from the Wenlock (mid-Silurian). The plant macrofossils from the Late Silurian and Early
Devonian give an inkling of the nature of the early land flora; however, despite their key position
in the fossil record, very little is yet known about the plants of that time. Nearly all plant fossil

finds from the Late Silurian and Early Devonian are: (a) allochthonous - preventing
reconstruction of habitats and communities; (b) fragmentary - preventing whole plant

reconstruction; and (c) relatively rare. Furthermore, due to the flimsy construction of many of the

early colonists, such as algae, lichens, fungi, bryophytes and the gametophytic stages of

vascular plants, the record is biased towards the sporophytes of vascular plants. The Rhynie
Chert of Scotland (Late Pragian to Early Emsian) is unique in that permineralized, autochthonous

fossils are preserved. This flora continues to provide priceless information on the non-vascular

plants, as well as the anatomical, developmental, and reproductive intracacies of vascular plants
that are unavailable from compression fossils (Kidston and Lang, 1917-1921; Remy and Hass,

1991a,b; 1996; Remy et al., 1991).

Early land plants were small in the Silurian and Early Devonian and lacked leaves and

secondary xylem. By the end of the Early Devonian, the tallest plants probably reached a height
of about 2 m (Gensel and Andrews, 1984). As adaptations to the land, plants evolved

specialized water-conducting tissues, structural tissues to hold the plant upright and thus improve

light interception and spore dispersal capabilities, and epidermal structures for gas exchange. It
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is thought that due to water requirements of the gametophyte stage, plants required damp

habitats; thus, early vascular plants are pictured along shorelines, river banks, estuaries and tidal

channels (Edwards and Davies, 1990). It is hypothesized that the early plants reproduced

sexually relatively rarely and relied on asexual growth to persist and compete. Paleobotanists

envision the Early Devonian landscape as being largely composed of monotypic stands

(Edwards and Selden, 1993). Throughout the Early Devonian, the size of the plants increased

and ecological complexity increased accordingly.
Most study of early land plants has centered on Europe, including floras from the British

Isles (Kidston and Lang, 1917-1921; Croft and Lang, 1942; Remy and Hass, 1991a,b; 1996;

Remy et a/., 1991; Edwards, 1970; 1979; 1981; 1990; 1993; 1996; Edwards et a/. 1983), Belgium

(Leclercq, 1942; Gerrienne, 1988; 1994; 1996a), Germany (Krausel and Weyland, 1930; 1935;

Schweitzer, 1979; 1980a,b), Czechoslovakia (Obrhel, 1962; 1968), Ukraine (Ischenko, 1969,

1975), Spitzbergen (H(2)eg, 1942; Schweitzer, 1968), and Norway (Halle, 1916; Schweitzer and

Heumann, 1993). Plants found in Australia (Lang and Cookson, 1930; 1935; Cookson, 1935;

1945; Tims and Chambers; 1984), Siberia (Ananiev, 1957; 1960; Stepanov, 1975), Kazakhstan

(Iurina, 1964; Senkevich, 1978), and more recently, China (Hao, 1988; 1989; Li, 1992; Li and

Edwards, 1992; Cai et a/., 1993; Hao and Gensel, 1995), and South America (Morel et a/., 1995;

Mussa et a/., 1996) have altered understandings about the grade and directions of evolution that

existed in the Silurian and Early Devonian. Indeed Kenrick and Crane (1997a, b) indicate that

sampling of floras away from the Old Red Sandstone Continent is of high priority in future

studies of plants from this time.

In North America, pre-Emsian floras are known only from Wyoming (Dorf, 1933; 1934),
New York (Banks, 1972), Alaska (designated as "Early Devonian")(Churkin et a/., 1969), and

Bathurst Island. These floras have been the subject of little study and are relatively poorly
known

Fossilized plant remains from Early Devonian deposits on Bathurst Island, Canadian

Arctic Archipelago, were first noted by D.J. McLaren (1963) in his original descriptions of the rock

units in which they are found. In a subsequent expedition to the island, D.C. McGregor and T.T.

Uyeno collected a small number of plant macrofossils from two localities near Young Inlet, at

about 76°29'N and 98°3TW. These specimens were brought to the attention of F.M. Hueber,

who identified the following taxa from the collection: Sawdonia ornata (Dawson) Hueber,

Drepanophycus spinaeformis Goppert, a "zosterophylloid axis", a new species of Rebuchia

(=Distichophytum) known as Rebuchia capitanea Hueber, as well as the new genus and species,

Bathurstia denticu/ata Hueber. All of these plants were collected from beds of the Pragian stage

(Text-Fig. 1.1).

In 1992, further geological mapping of the island by the Geological Survey of Canada

(GSC) revealed plant fossils from new localities. J.C. Harrison of the GSC sent a small number
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of plant fossils to J.F. Basinger of the University of Saskatchewan, and in 1993, field work in

search of fossil plants was initiated on Bathurst Island. I was engaged in further collections from

the island in 1994, 1995 and 1996. About 1700 specimens were collected over these four years.

The Early Devonian fossil flora from Bathurst Island is currently the largest, most diverse

collection of pre-Emsian plant fossils from North America (Basinger et al., 1996) with at least 16

different species represented. A number of these taxa are new. The abundance of specimens in

the Bathurst Island Pragian flora is of added benefit because it allows observation of intraspecific
variation and, in some cases, the interpretation of developmental sequences of these extinct

plants. Intraspecific variation and developmental information are of great value to the

understanding of adaptational significance of characters and the construction of meaningful
taxonomies. Currently, the taxonomy of early land plants suffers due to the poor understanding
of the adaptational significance of their characters. This problem is enhanced by the lack of

modem representatives.
A Significant number of the plants were preserved relatively complete and allow the

reconstruction of entire plants. This flora is one of few from this time in which rooting structures

are preserved. The presence of rooting structures, whether true endogenous roots or not, is

useful for the study of the early development of soils and in understanding the physiological

requirements and capabilities of early land plants.

In addition to the Pragian flora from Bathurst Island, plants from Late Silurian (Late
Ludlow or Pridoli) rocks have also been recovered. These plants, while probably representing
the oldest plant macrofossils from North America, also appear to be advanced in comparison to

nearly all other known Silurian plants. This evidence for relatively complex plants in the Late

Silurian complements evidence from the microfossil record and indicates that, by this time,

plants had evolved greater morphological complexity than commonly thought.

4



2. MATERIALS AND METHODS

2.1 Geological setting of fossil materials

Bathurst Island is located in the Canadian Arctic Archipelago at a latitude between 75

and 77°N (Text-Fig. 2.1). The island measures approximately 180 km North to South and has a

maximum elevation of about 370 m. The southern part of the island is of relatively low

elevation, precluding the development of significant exposures along streams. Snow normally
covers Bathurst Island until late June and returns in August. Rock exposure is best in late July,

although some slopes are perpetually covered by snow banks.

Structurally, Bathurst Island marks the intersection of two fold belts, the Cornwallis Fold

Belt and the Parry Islands Fold Belt. The North-South trending Cornwallis Fold Belt, largely
active during the Late Silurian and Early Devonian, is found along the east coast of the island.

Its formation was a result of an episode of basement uplift referred to as the Boothia Uplift. The

Boothia Uplift extends from the northern mainland of the Northwest Territories, northward

through western Somerset Island, Cornwallis Island, the eastern coast of Bathurst Island, and

ends on Grinnell Peninsula of Devon Island (Text-Fig. 2.2). Uplift occurred in two episodes

(Okulitch et a/., 1991). The first event was restricted to the southern region, from Boothia

Peninsula northward to Barrow Strait, whereas the second episode of uplift occurred north of

Barrow Strait, contributing to the deposition of the plant-bearing beds on Bathurst Island.

The East-West trending Parry Islands Fold Belt, plainly evident over the rest of the

island, represents the southwest sector of the Ellesmerian Orogenic Belt. These detachment

style structures formed during the Late Devonian and Carboniferous through compression
created by a mobile belt to the north and the continental craton to the south. The Parry Islands

Fold Belt is composed of regularly spaced, parallel folds that are approximately upright (Fortier,

1963; Fox, 1985).

Exposed rocks on Bathurst Island span the Ordovician to the end of the Middle

Devonian. The Ordovician to Lower Devonian rocks are of deep marine origin but exhibit a

shallowing upward trend with a shift from siliciclastic to carbonate deposition in the late Emsian.

Eifelian rocks on Bathurst Island are rare, yet indicate further shallowing and increased clastic

sediment supply (de Freitas et al., 1993).

Plant remains are found in beds that were once assigned to the Bathurst Island

Formation and the Stuart Bay Formation (McLaren, 1963). Both formations are primarily

composed of monotonous, dark grey, thin to medium-bedded, fine-grained sandstones. The

sediments composing these rocks are thought to have been deposited by turbidites into a deep

basin (Smith, 1980; Polan and Steam, 1984; de Freitas et a/., 1993). The Bathurst Island

Formation has traditionally been distinguished from the overlying Stuart Bay Formation by the

5
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presence of chert-pebble conglomerates in the latter. At Twilight Creek, the type section for both

of these formations, McLaren (1963) used the lowermost appearance of chert-pebble

conglomerates to mark the boundary between the two formations. More recently, studies by de

Freitas et et. (1993) have left the distinctiveness of these two rock units in question. Thus, in

their 1993 publication, the Bathurst Island Formation and Stuart Bay Formation are provisionally
referred to as the Bathurst Island beds and the Stuart Bay beds.

The Bathurst Island beds are heterochronous; sediment accumulated in Ludlow time

near Polar Bear Pass but not until the Lochkovian in the region of Twilight Creek (de Freitas et

al., 1993). The earlier deposition of this facies in the Polar Bear Pass region is related to the

Scoresby Hills anticline. This anticline represents the west side of a crustal block that was

periodically emergent from the Ludlow to the Emsian (Harrison et al., 1993). Turbidity currents

originating on the western slopes of the Scoresby Hills and Boothia Uplift land-masses travelled

westward carrying fine sands. Large carbonate olistostromes found within the Bathurst Island

beds were shed into the basin from carbonate platforms fringing the land masses (Polan and

Steam, 1984; de Freitas et al., 1993).
The Stuart Bay beds were deposited during the second episode of basement uplift.

Turbidity currents continued to deposit considerable thicknesses of fine sand; however, chert

pebble layers and layers rich in calcareous invertebrates were also laid down by high
concentration flows or density currents (de Freitas et al., 1993).

Plants of terrestrial origin probably rafted out to sea and then sank to the sea-floor when

they became waterlogged. Not surprisingly, most of the 137 fossil localities are located within 20

km of the paleo-shoreline. The most prolific sites are: the area just north of Polar Bear Pass;

the Cheyne River Valley; and a river cut east of Young Inlet (Text-Figs. 2.1, 2.3-2.5). Other river

valleys to the west, such as Twilight Creek, Cut Through Creek (Text-Fig. 2.6) and the

Caledonian River are much poorer in plant macrofossils; probably because of their greater

distance from the paleo-shoreline.
The majority of plants are found in the lower member of the Stuart Bay beds and the

uppermost upper member of the Bathurst Island beds (Text-Fig. 2.7). Graptolites including

Monograptus yukonensis Jackson & Lenz, found with the plant fossils, are indicative of a Pragian
or possibly lower Emsian age, while field relationships and additional fossil evidence restrict the

age to Pragian (de Freitas et al., 1993). Other fossils found include eurypterid cuticle, fish bone,

brachiopods, orthocone nautiloids, various trace fossils, tentaculitids, crinoids, and dendroid

graptolites.

Along one stream in the Polar Bear Pass region, fossils are found in beds assigned to

the lower member of the Bathurst Island beds (Harrison et al., 1993). Collections from sites

US383 (=US600), US384, US385 (=US601), US688 and US687 (Text-Fig. 2.3) were dated using

conodonts, graptolites, and brachiopods. Samples from US383 were processed by the
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Geological Survey of Canada to reveal two types of conodonts. Ozarkodina douroensis indicates

a mid-late Ludlow age and a second type of conodont of the Ozarkodina remscheidensis-O.

eosteinhoronses sensu lato group of Jeppsson, Viira and Mannik indicates a late Ludlow or

Pridoli age (Nowlan, 1996). Two types of graptolites found at US385, Monograptus formosus

and Pseudomonoclimacis richardsonensis, indicate a Late Ludlow or possibly Early Pridoli age

(Jackson et a/., 1978; A.C. Lenz, pers. comm., 1997). Brachiopods of a new species of the

genus Shaleria are found from US383 (Jin, 1997). They are most similar to the species Sha/eria

gilpeni known from latest Ludlow to Lochkovian rocks of Nova Scotia. Because no species of

Shaleria are described from the relatively well known Ludlow brachiopod faunas of Arctic

Canada, it is most likely that the beds are Pridoli age. Thus, it can be concluded that US383

(=600), US384, US385 (=US601), US688 and US687 were deposited during late Ludlow or

Pridoli time.

Upsection from US385, plant remains are found at localities US689, US690, US386 and

US387 (Text-Fig. 2.3). Monograptus yukonensis was recovered at US387, indicating a Pragian

age. The ages of US689, US690 and US386 (which occur between US385 and US397) are

between the Late Ludlow and Pragian, and if a relatively continuous deposition of sediments is

assumed, then these sites are likely Lochkovian. US388, located along a small stream to the

south, lies within beds correlating to those at US385, US689, US690 and US386 (see Harrison et

a/., 1993). Thus, US388 is also of probable Lochkovian age. The plant fossils of Bathurst Island

are usually preserved as carbonaceous compressions or as shallow impressions; rarely they are

pyritized.

2.2 Methods

Most of the specimens were retrieved from partially weathered rock exposures or from

scree-slopes. The presence of permafrost about 30 cm below the exposed surface and the

extreme rarity of plant remains makes excavation and quarrying both difficult and futile. One

exception was locality US636, at which numerous fossils were collected by quarrying.
In the laboratory, fertile specimens and interesting vegetative specimens (approximately

600 specimens) were studied. The most photogenic specimens in the collection are those that

have been weathered to some degree; giving the sandstone matrix a yellow or light grey colour.

Freshly broken slabs are a dark grey to black, making the carbonaceous fossils difficult to see.

Unweathered specimens were treated with dilute hydrochloric acid (10%) and, occasionatty, were

then treated with concentrated hydrofluoric acid (40%) for up to 30 seconds to impart a grey or

brown color to the rock. These treatments increased the contrast between the specimen and the

matrix yet left organiC residues unharmed. Rock surfaces covered with a white, surficial deposit

9
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were similarly treated. Specimens obscured by sediment were uncovered by chipping the rock

with steel needles of variable sharpness. Uncovering did not always produce favorable results.

Success was dependent on the degree of cementation, oxidation, metamorphism, and general

composition of the rock.

Transfers were attempted but proved unsuccessful using known methods. The high
calcium carbonate content in the rock caused a considerable reaction with hydrochloric acid and

resulted in the separation of the plastic or resin from the specimen surface.

Sporangial fragments were chipped off some specimens, treated with concentrated

hydrochloric acid and hydrofluoric acid to remove sediment, then oxidized for approximately 30

minutes Schultze's solution at room temperature. Some of the sporangia were then mashed

within mounting medium on a glass slide and studied with a light microscope. Alternatively, the

sporangia were crushed on a SEM stub coated with double-sided cellophane tape. The released

spores were subsequently coated with gold and viewed with a scanning electron microscope.

15



3. SYSTEMATICS OF EARLY LAND PLANTS

The early land flora consisted of the gametophytic and sporophytic life stages of non

vascular and vascular plants. The majority of work. has centered on the vascular sporophytes;

partially due to their higher preservation potential. The fossil plants from Bathurst Island likely all

represent vascular sporophytes, thus discussion of systematics will be confined to the

tracheophytes.
Prior to 1968, most Silurian and Early Devonian plants were put into PSilophytales. This

taxon was erected by Kidston and Lang in 1917 for plants bearing sporangia "at the ends of

certain branches of the stem without any relation to leaves or leaf-like organs"(p. 779). In 1968,

Banks subdivided the psilophytes into three subdivisions, the Rhyniophytina, Trimerophytina,
and Zosterophyllophytina, distinguished by the pattern of xylem maturation, position of sporangia
and the pattern of branching of the axes. The barinophytes, which existed throughout the

Devonian, were considered as a separate group of unknown affinity. Since Banks' work, reports

of new taxa and new information on described taxa have resulted in a growing list of plants that

do not fit neatly into the tripartite classification scheme, or that are intermediate between the

subdivisions. Kenrick and Crane's (1997a) recent cladistic analysis clearly demonstrates the

paraphyletic nature of two of Banks' three subdivisions.

Traditionally, the rhyniophytes, which include the oldest vascular land plants in the

stratigraphic record, have been regarded as the parent group from which were derived the

zosterophylls and the trimerophytes. In recent years, these plants, characterized by having

naked, terminally branching axes bearing fusiform or globose sporangia, have been shown to

have a variety of internal anatomies. This led to the use of the term "rhyniophytoids" for

rhyniophyte-like plants for which tracheids have not been demonstrated (Edwards and Edwards,

1986). Kenrick and Crane (1997a) divided the Rhyniophytina of Banks profusely (Text-Fig. 3.1).
The Horneophytopsida and AgJaophyton D.S. Edwards lack tracheids with annular or helical

thickenings, whereas the rest of Banks' rhyniophytes exhibit tracheids with thickenings and fall

within the Division Tracheophyta (in Nothia Lyon ex H0eg the lack of thickened tracheids is

considered a lost character). Further subdivision of Rhynia-type plants within the Tracheophyta
is based on characters such as sporangium shape, sporangium dehiscence, the position of the

protoxylem, and branching patterns (Kenrick and Crane, 1997a)
The Trimerophytina is first known from the Pragian stage of the Early Devonian, but

expanded greatly in diversity and abundance during the Emsian. Trimerophytes are

characterized by anisotomous (also known as pseudomonopodial) branching of the main axes,

fertile branches that are much divided and terminate in clusters of fusiform sporangia with

longitudinal dehiscence, and a centrarch protostele of scalariform tracheids (Banks, 1975;
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Gensel and Andrews, 1984}. In Kenrick and Crane's cladistic analysis, the trimerophytes (sensu

Banks) are paraphyletic and occur basally within the subdivision Euphyllophytina (a group

including all extant vascular plants except lycopsids).
The Zosterophyllophytina first appeared in the Late Silurian (Tims and Chambers, 1984)

but dominated the land flora during the late Lochkovian and the Pragian of the Early Devonian.

They are characterized by laterally borne, reniform or globose sporangia with distal dehiscence

and an exarch protostele. The zosterophylls are hypothesized to be ancestral in the Iycophyte

lineage. In Kenrick and Crane's cladistic study, the majority of zosterophylls, which include the

barinophytes, occur as a sister group of the Lycopsida (sensu stricto) within the Lycophytina

(1997a).
The fourth major group of vascular plants that arose during the Late Silurian or Early

Devonian are the lycopsids. They reached their greatest diversity and size during the

Carboniferous (Gensel and Andrews, 1984) and are represented today by small, herbaceous

plants such as the clubmosses. Lycopsids are characterized by helically arranged, microphyllous

leaves, sporophylls, pitted tracheids, loss of sporangium vasculature, and an exarch stele. In the

Silurian and Early Devonian, lycopsids with some characteristics in common with the

zosterophylls existed. Gensel and Andrews (1984) call these plants "pre-lycopods". Some

genera include Drepanophycus Goppert, Asteroxylon Kidston & Lang, Kaulangiophyton Gensel &

Kasper, and Baragwanathia Lang & Cookson. Kenrick and Crane place the pre-lycopsids in the

order Drepanophycales as a sister clade to all other lycopsids.
The taxonomy of the approximately 170 known early land plant species is far from ideal.

A great barrier to a satisfactory taxonomy is that, except for the lycopsids, no close relatives of

early land plants exist today. Fossils can rarely provide the wealth of information that extant

plants can. Another problem is that, although information on early land plants has grown

enormously in recent years, our knowledge is still embryonic. At present, the greatest
contributions to a natural taxonomy of early land plants would be: a} discovery and study of

more Silurian and Early Devonian plant fossils; b) the delimitation of more characters; and c} the

determination of which characters are phylogenetically significant and which are ecologically
controlled.

Although Kenrick and Crane's (1997a) systematic analysis is the best attempt at

classifying the early land flora that is available to date, some of the character states used, and

the scoring of the characters for some taxa, are questionable. Some of their clades are

supportable, yet others appear contrived. For this work, a hybrid between Banks' and Kenrick

and Crane's classifications is used (Table 3.1). Although it is assuredly artificial, it serves to

separate the major types of early land plants including those lacking anatomical data, while

alluding to improved concepts of phylogenetic heirarchy.
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Table 3.1. Classification system of Late Silurian and Early Devonian tracheophytes used

in this thesis.

Division· Tracheophvta - all plants possessing thickened tracheids

Subdivision: Rhyniophytina - vascular plants with isotomous branching, a centrarch

protostele, naked axes, and fusiform or globose, terminal

sporangia.

GI_C!��� . R�Y[l.i9P'�i9.C! - as for Subdivision

Order: Rhyniales - as for Subdivision

Family: Rhyniaceae - as for Subdivision

Bathurst Island representatives: (Pragian) Cooksonia cf. C.

hemisphaerica; Cooksonia sp.; (Late Silurian) Gen. et sp. indet. 4.

Subdivision: Euphyllophytina - anisotomous to monopodial branching, helical

arrangement of branches, scalariform bordered pitting of

metaxylem, sporangia in pairs, sporangia clustered

terminally, sporangial dehiscence along one side.

qC!��� . T.�rn�f9P.h.yt.qp?lg� - centrarch protostele, no planated branches, lateral
branches dichotomizing or trichotomizing, sporangia
fusiform.

Order: Trimerophytales - as for Class

Family: Trimerophytaceae - as for Class

Bathurst Island representatives: (Pragian) Gen. et sp. indet. 1.

Subdivision: Lycophytina - exarch xylem maturation, sporangia more or less reniform,
on short laterally-inserted stalks with distal isovalvate
dehiscence.

qC!��� . �.q����qp�yJ!qp?jg� - leafless plants with sporangia either sessile or borne
on lateral stalks, branching isotomous or

anisotomous, elliptical protostele

Order: Barinophytales - plants with intrasporangial heterospory, stalks
that clasp sporangia, lack of valvate
dehiscence

Family: Barinophytaceae - as for Order

Order: Zosterophyllales - plants with homosporous sporangia arranged
bilaterally or helically

Family: Zosterophyllaceae - as for Order

Bathurst Island representatives: (Pragian) Zosterophyllum newspecies
a; Z. newspecies b; Z. sp.; Z newspecies c; Distichophytum ovatum;
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Table 3.2. Classification system of Late Silurian and Early Devonian tracheophytes used
in this thesis. (continued).

Newgenus 0 newspecies; Newgenus E newspecies; Bathurstia

denticulata; Psilophytites sp.; (Lochkovian) Newgenus F newspecies;
Hicklingia sp.; ct. Distichophytum sp.; ct. Bathurstia sp.; (Late Silurian)
ct. Hicklingia sp.; Newgenus G newspecies; ct. Bathurstia sp.;
Zosterophyllum sp.; Z. ct. Z. newspecies b; Distichophytum sp .

.Gl.���� . �y.�qP?j99 - plants with microphylls, stellate xylem, and in most cases,

sporophylls

Order: Drepanophycales - protostele, cauline sporangia not related to

microphylls

Family: Drepanophycaceae - as tor Order

Bathurst Island representatives: (Pragian) Drepanophycus
spinaeformis; Drepanophycus gaspianus
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4. THE PRAGIAN FLORA

Pragian plant fossils were collected from 121 localities on Bathurst Island. The locations

of these sites and number of specimens collected at each are listed in Appendix A.

Sixteen taxa are herein described. Nevertheless, this list cannot be considered

complete, as other taxa of uncertain affinities, few numbers, or with poor preservation have not

been described at this time and await recovery of more complete materials. The relative

abundance of each taxon is shown in Table 4.1.

Table 4.1. Relative abundance of Pragian fossil plant taxa from Bathurst Island (very rare
= 1-2 specimens, rare = 3-15 specimens, common = 16-99 specimens, very
common = 100+ specimens)

Algae (not described here) very common

rhvnroonvtoids very rare

Zosterophyllum newspecies a common

Zosterophyllum newspecies b rare

Zosterophyllum sp. very rare

Zosterophyllum newspecies c common in Cheyne River region and rare in
Polar Bear Pass Region

Distichophytum ovatum common

Newgenus D newspecies rare

Newgenus E newspecies common

Bathurstia denticu/ata common

Psilophytites sp. very common

Drepanophycus spinaeformis common

Drepanophycus gaspianus very rare

trirneroohvte very rare

gen. et sp. nov. 1 very rare

gen. etsp. nov. 2 very rare

4.1 Composition of the Pragian flora

4.1.1 Rhyniophytoid
Genus:

Species:

Cooksonia Lang
Cooksonia cf. C. hemisphaerica Lang

Description:
This description is based on a single specimen US665-8069 (Figs. 1, 2). This specimen

is a distal fragment of an axis measuring 4.7 cm in length. The axis is naked, branches

isotomously, and is slender, with a width of 0.8 mm near the base, widening distally to 1.2 mm.
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The axis reaches its greatest width at branching points, where it measures approximately 1.7

mm. The specimen branches three to four times at an angle of 55°. Pairs of globose sporangia
terminate each of the branches. A pair of sporangia is also found unattached to the axis but in

the vicinity of the other sporangia (Fig. 2). Sporangia are 1.1 to 2.0 mm (average 1.6 mm) in

diameter. No dehiscence zone is visible. As sporangia are not much wider than the axis, the

transition is difficult to discern, and the junction between sporangium and axis is marked by a

change in the amount of carbon left on the part and counterpart.

Spores were not isolated from the sporangia.
Basal portions of the plant are not known.

Discussion:

The slender, naked, isotomous axes and round, terminal sporangia of specimen US665-

8069 indicate that it belongs to the genus Cooksonia Lang. Worldwide, the genus Cooksonia is

represented solely by compression fossils, the majority of which are fragmentary and provide no

information on anatomy or spores. Morphologically, Cooksonia is very simple, with very few

features to characterize it. The primary features used to differentiate between species are the

shape of the sporangium and the nature of its attachment to the axis.

To date, nine species of Cooksonia have been described; however, only seven of these

can justifiably be included in Cooksonia. Cooksonia downtonensis Heard belongs to the genus

Salopel/a Edwards & Richardson, and C. rusanovii Ananiev has a branching pattern

characteristic of Renalia Gensel. The remaining species include C. acuminata Mussa et al.

(1996), C. bohemica Schweitzer (1980a), C. caledonica Edwards (1970), C. cambrensis Edwards

(1979), C. crassiparietifis lurina (1964), C. hemisphaerica Lang (1937), and C. pertonii Lang

(1937).
The specimen described here has larger axes and sporangia than all reported species

except Cooksonia crassiparietilis and C. bohemica. Cooksonia crassiparietilis bears unique

features such as ribbed sporangia and a specialized dehiscence zone that distinguish it from this

specimen. Cooksonia bohemica usually bears reniform sporangia that have a distinct junction

between the sporangium and the subtending axis. In fact, the only species that has a similarly
indistinct junction between the sporangium and subtending axis is C. hemisphaerica. Another

similarity between this specimen and C. hemisphaerica, as described by Edwards (1979), is the

tendency for sporangia to occur immediately distal to branching points, a characteristic not

described for any other species of Cooksonia. Due to the larger size of this specimen, it is here

referred to as Cooksonia cf. C. hemisphaerica.
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4.1.2 Rhyniophytoid
Genus:

Species:

Cooksonia Lang

Cooksonia sp.

Description:

Specimen US616-7511 is a single fragment of a naked axis measuring 2.4 cm long, 0.8

mm wide at the base, and widening to 1.1 mm immediately below the branching point (Fig. 3).

The axis branches isotomously at an angle of 55°, producing two branches measuring 0.7 and

0.9 mm wide. A narrow central stripe approximately 0.2 mm wide probably represents the

vascular tissue. One branch is terminated by an obovate sporangium 1.9 mm long and

approximately 2.2 mm wide, with a broad, flat apex.

Discussion:

Like the specimen described above as Cooksonia cf. C. hemisphaerica, this specimen

bears terminal, wider-than-Iong sporangia on naked isotomous axes and can thus be ascribed to

the genus Cooksonia, but is distinguished by its moderately distinct junction between the

sporangium and axis, by the obovate shape of the sporangia, and the greater distance between

the most distal branching point and sporangium (it is different from Cooksonia hemisphaerica for

the same reasons). Cooksonia acuminata, described from Brazil, is reported to have sporangia
with acuminate apices, a feature immediately distinguishing it from US616-7511. Cooksonia

bohemica has reniform sporangia that differ from the Bathurst Island specimen, and the axes are

relatively wide. Cooksonia pertonii has obovate sporangia flattened distally like this arctic

specimen, but the sporangia are much wider than long, whereas US616-7511 is only marginally
wider than long. Cooksonia crassiparieti/is, known only from Kazakhstan, is unlike this Bathurst

Island Cooksonia in that it is much larger and has ribbed sporangia that have a distinct

dehiscence zone. The remaining two species, C. cambrensis and C. ca/edonica, have sporangia
with approximately equal height and width, but they usually do not widen distally and terminate in

a flattened apex. Cooksonia cambrensis has a very distinct junction with the axis and is usually

much smaller than the specimen described here. However, C. ca/edonica is of similar size to

US616-7511 and has a moderately indistinct junction with the axis, as does this specimen.
Cooksonia ca/edonica differs from US616-7511 in that its sporangia are commonly reniform,

never have a flattened apex, and have a distinct distal dehiscence mechanism.

Because there is only one sporangium on a fragmented axis available, and this

specimen does not fit easily within any of the previously described species, it is left as Cooksonia

sp.
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4.1.3 Division: Tracheophyta
Subdivision: Lycophytina
Class: Zosterophyllopsida
Order: Zosterophyllales

Family: Zosterophyllaceae
Genus: Zosterophyllum Penhallow

Subgenus: Platyzosterophyllum Croft & Lang

Species: Zosterophyllum newspecies a

Description:
The University of Saskatchewan collection includes 91 specimens of this species, all of

which are fertile.

The plant exhibits an erect, densely caespitose or rhizomatous growth form measuring
8.5-31 cm long (Figs. 4,8). The presumed above ground portion was 6.5 to 26 cm in height.

The above-ground axes of this taxon are naked and slender, 0.9-2.5 mm (average 1.5

mm) wide at internodes and about 2.0 mm wide at branching points. Branching is isotomous and

commonly rare. The branching angle ranges from 30-70° (average 43°). Longitudinal striations

are noted along the surface of the axis of one specimen. Another specimen shows an axis

terminating in a circinate tip (Fig. 9). No other indication of circinate vemation was seen.

Tufts of downwardly directed axes interpreted as rooting structures are preserved on five

specimens (Figs. 4,5). The length of the root tuft ranges from 3.0 to 5.2 ern, making up one-third

to one-sixth of the total height of the plant. On nearly all specimens, poor preservation and

overlapping of axes make details of their morphology difficult to discern. The width of the

rooting axes is roughly equal to that of the above ground axes on specimen US609-6376 (Fig. 5),

measuring 1.0 mm wide. Branching of rooting structures was not noted.

The above ground axes are terminated by sporangial spikes (Figs. 4-10). The fertile

region is 13 to 143 mm (average 34 mm) long and 2.0 to 5.9 mm (average 4.1 mm) wide.

Branching is rare within the fertile region.
The sporangial spike is composed of several stalked sporangia arranged alternately or

sub-oppositely in two rows on opposite sides of the stem. The spacing between sporangia within

the spike is variable, ranging from 2-13 mm. The distance between successive sporangia in one

row decreases towards the apex. On specimen US636-8210, with the longest fertile region, the

distance between sporangia ranges from 13.0 mm at the base, to 6.2 mm in the middle, to 4.9

mm near the top. Two to five sporangia occur per cm in a single row.

The sporangial stalks diverge perpendicularly from the axis, extend approximately 1.5-

2.0 mm, and then abruptly recurve towards one side of the axis (Figs. 10-12). The angle of

recurvature and the stalk length proximal to the point of inflection, are variable. Each stalk is
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0.3-1.4 mm (average 0.8 mm) wide and broadens at its attachments to the axis and sporangium

by 0.3 to 0.4 mm. The length of the stalks, if they were to be straightened, would be 1.0-S.0 mm

(3.0 mm). The bending of the sporangial stalks towards one side of the stem commonly results

in the imbrication of the sporangia (Text-Fig. 4.1, Figs. 12, 13).
The sporangia are wider than long and flattened. In face view, they have an elliptical

shape (Text-Fig. 4.1, Fig. 12). The length is 1.0-4.0 mm (average 2.3 mm) and the width is 1.3-

4.S mm (average 2.7 mm). The thickness of the sporangia, visible on spikes preserved in lateral

view, is 0.9-1.S mm (average 1.2 mm) (Fig. 8). In face view, the sporangia are oriented at an

angle of 20-S0° (average 37°) from the main axis. A narrow transverse dehiscence zone

measuring approximately 0.2 mm wide is marked by two narrow rims bordering a suture (Fig.

13).

Spores were not isolated from sporangia.

Discussion:

Zosterophyllum was first described by Penhallow in 1892 based on Scottish remains

identified as Z. myretonianum. It has since become the most species-rich genus of the Early

Devonian. Although the generic description of this extinct taxon is very general, Zosterophyllum

presently includes plants with naked, terminally branching axes and terminal spikes composed of

stalked sporangia borne laterally either in rows or helically. In 1942, Croft and Lang divided

Zosterophyllum into two subgenera. Species with sporangia arranged in rows were assigned to

the subgenus Platyzosterophyllum; those with sporangia helically arranged, subgenus

Euzosterophyllum. Hueber (1972b) renamed the latter subgenus Zosterophyllum for taxonomic

reasons.

It is clear that this species from Bathurst Island belongs within the subgenus

Platyzosterophyllum. Species included within Platyzosterophyllum include Z. lIanoveranum Croft

& Lang (1942), Z. divaricatum Gensel (1982a), Z. spectabile Schweitzer (1979), and Z. fertile

Leclercq (1942).

Zosterophyllum lIanoveranum was originally described by Croft and Lang from Wales

(1942) and was redescribed by Edwards (1969a) with the addition of anatomical information

gleaned from permineralized remains. Beyond the arrangement of sporangia into rows, Z.

lIanoveranum bears little similarity to the specimens from Bathurst Island. Firstly, the sporangia
of Z. lIanoveranum are commonly borne in one row or, less commonly, two rows that are not at

180° from one another (Edwards, 1969a). The sporangial stalks are obliquely inserted and are

straight or only slightly curved, whereas those of the arctic species are inserted perpendicular to

the stem and are always strongly recurved. Lastly, the sporangia of Z. lIanoveranum are roughly

circular or somewhat longer than wide, and are commonly folded. The sporangia of the arctic

species are wider than long and are never folded.
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Text-Figure 4.1. Reconstruction of Zosterophyllum newspecies a showing face view and lateral
view of a portion of the fertile region. Scale bar = 1 mm.
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Zosterophyllum divaricatum is a species with organs of widely variable dimensions and

shape. The measurements of the axes, stalks and sporangia of the arctic species fall within the

range of Z. divaricatum; however, the shapes and arrangements of these parts are different. The

sporangia of Z. divaricatum are commonly borne towards one side of the axis rather than on

opposite sides of the axis. The stalks are inserted obliquely or, less commonly, perpendicular to

the axis, whereas those of this Bathurst Island species are exclusively perpendicular to the axis.

Lastly, the sporangia are usually reniform with distinct basal lobes, instead of elliptical like the

arctic specimens.

Zosterophyllum spectabile, recorded from Lower Emsian beds of Germany is similar to

the Bathurst Island Zosterophyllum species in that, unlike Z. divaricatum, the sporangia are

arranged in two opposite rows with bent stalks inserted perpendicularly. These stalks, however,

are not reported to be recurved towards one side of the axis, but bend near the attachment with

the sporangia so that sporangia are held erect. Specimens from Bathurst Island only rarely have

stalks that are not reflexed over the axis. Zosterophyllum spectabile also differs in that

sporangia are, on average, larger.
The type specimen of Z. fertile from Belgium (Leclercq, 1942) and Z. cf. Z. fertile

specimens from Wales (Edwards, 1969b) have sporangia found in opposite rows borne on

perpendicularly inserted stalks, as in Z. spectabile and the arctic species; however, the stalks are

relatively short and are bent at 900 so that the sporangia are held erect and do not recurve

obliquely towards one side of the stem. The sporangia of Z. fertile are reniform with well

developed basal lobes and are folded lengthwise, with the margins in contact with the stem

(Edwards, 1969b). The sporangia of the Bathurst Island species do not have well-developed
basal lobes and, as mentioned previously, are never folded. Clearly, these specimens of Z.

fertile are different from the arctic species.

A Zosterophyllum fertile specimen has also been reported from Scotland; however, in

this case, it is difficult to discern whether the sporangia are reniform with well-developed basal

lobes and folded around the stem (as interpreted by Edwards, 1972), or whether they are

elliptical and have slightly longer sporangial stalks which curve towards one side of the axis in

the manner of this Bathurst Island species. Short-stalked variants of this Bathurst Island

Zosterophyllum species approach the appearance of the Scottish specimen, and reexamination

of the latter may indicate that it also belongs with the Bathurst Island species.
The Bathurst Island Zosterophyllum species described here differs from all other

described members of the subgenus Platyzosterophyllum in its possession of long stalks that are

curved obliquely, causing the sporangia to distinctly overlap over the front of the axis. For this

reason, it is considered a new species: Zosterophyllum newspecies a.
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Diagnosis:
Plant erect, densely tufted or rhizomatous. Above ground height from 6.5 to 26 cm.

Axes naked, 0.9-2.5 mm wide, branching isotomously once or twice. Rooting organs tufted, 3.0-

5.2 cm long, and about the same width as aerial shoots. Fertile region is terminal, 1.3 to 14.3

cm long, rarely branched. Sporangial stalks inserted perpendicularly to the axis on opposite
sides of the stem, recurving towards one side of the stem so that the sporangia are oriented

obliquely to the main axis; stalks about 0.3-1.4 mm wide, 1.0-5.0 mm long. Sporangia elliptical,

imbricate, 1.0-4.0 mm long, 1.3-4.5 mm wide, 0.9-1.5 mm thick with narrow dehiscence zone

measuring 0.2 mm wide dividing sporangium transversely into two equal valves.

Holotype: US636-8173

Paratypes: US609-6376, US667-6374, US398-2630

Type locality: Lower Stuart Bay beds, Locality US636, small exposure from river level to 3m

above the river level on west side of tributary of the Cheyne River; Pragian; 76°11 '29.4"N,

98°09'05.2"W, Bathurst Island, Canadian Arctic Archipelago.

4.1.4 Class: Zosterophyllopsida
Order: Zosterophyllales

Family: Zosterophyllaceae
Genus: Zosterophyllum Penhallow

Subgenus: Platyzosterophyllum Croft & Lang

Species: Zosterophyllum newspecies b

Description:
The description of this species is based on four specimens, the largest of which is 6.5 cm

tall and incomplete proximally (Fig. 14). The axes are 1.3-1.5 mm wide: branching is rare and

isotomous, at an angle of 27° to 79°. No circinate axes were seen. The basal region of the plant

is unknown.

The fertile region ranges from 22 mm to more than 37 mm long, and consists of two

rows of sporangia borne on one side of the axis (Figs. 15,16). The spacing between the

sporangia of a single row is variable, ranging from 2.0 to 5.3 mm. The sporangia were held erect

on alternate, obliquely inserted stalks measuring less than 1 mm long and up to 1 mm wide (Fig.

16). The junction between the stalk and sporangium is inconspicuous. The shape of the

sporangia is ellipsoid to discoid, with varying height to width ratios. The sporangia are 1.0-2.0

mm long and 1.6-2.2 mm wide (Figs. 14-16). The thickness of the sporangia was not
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measurable, but they were probably thin (less than 0.8 mm) because they occasionally are seen

folded around the axis (Figs. 14,16). A distinct dehiscence zone measuring 0.1 mm wide or less

divides the sporangium transversely.

Discussion:

This species of Zosterophyllum bears its sporangia in two longitudinal rows, and thus

belongs to the subgenus Platyzosterophyllum. As mentioned in the previous section, other

species in this subgenus include Z. lIanoveranum, Z. divaricatum, Z. spectabile, Z. fertile, and the

new Bathurst Island species, Z. newspecies a. Zosterophyllum fertile, Z. spectabile, and Z.

newspecies a are easily distinguished from Zosterophyllum newspecies b because these species
bore their sporangia on bent stalks inserted perpendicular to the axis on opposite sides of the

stem.

Zosterophyllum divaricatum is similar to this arctic species in that both rows of sporangia
are displaced towards one side of the axis. Gensel (1982) reported that the sporangial rows of Z.

divaricatum occur at about 90° to one another. Furthermore, the stalks are commonly obliquely

inserted, as is Zosterophyllum newspecies b. Zosterophyllum divaricatum differs from the

Bathurst Island Zosterophyllum in that the sporangial stalks are much longer and the sporangia
are typically reniform.

Zosterophyllum lIanoveranum commonly bears sporangia in one row, but, rarely,

sporangia may appear to alternate in two rows. The sporangia are circular or longer than wide,

measuring about 4-5 mm in diameter. Although the shape of the sporangia is similar to that of

the Bathurst Island species, the sporangial size of Z. lIanoveranum is much greater. The

sporangia of Z. lIanoveranum are borne on obliquely inserted stalks 0.5 to 1.0 mm wide and up to

4.0 mm long. Although the minimum length of the stalks is not mentioned in Edwards' paper

(1969a), all figured specimens apparently have stalks longer than 1 mm. The greater stalk

length, the greater sporangium size, and the arrangement of sporangia commonly in one row

distinguish Z. lIanoveranum from the four Bathurst Island specimens.

Two genera that are closely related to Zosterophyllum also bear sessile or short-stalked

sporangia in rows: Demersatheca Li & Edwards (1996); and Distichophytum Magdefrau (1938).
No stalks are reported for Demersatheca contigua Li & Edwards (originally described as

Zosterophyllum contiguum Li & Cai). The sporangia are erect and appear sunken into the axis in

four rows (Li and Edwards, 1996). The sporangia of the Bathurst Island species are also held

erect, but occur only in two rows and are not sunken into the axis.

Distichophytum (described in more detail in section 4.1.7) bears sporangia on short

stalks inserted at an oblique angle to the axis. Like Zosterophyllum newspecies b, the two

sporangial rows occur towards one side of the axis; however, in Distichophytum they are

29



compactly arranged into a dense spike. Furthermore, the sporangia of Zosterophyllum

newspecies b appear flatter than either of the known species of Distichophytum.

The four specimens do not belong to any known species of Zosterophyllum,

Demersatheca or Distichophytum. They bear most similarity to Zosterophyllum lIanoveranum;

yet differ in typical stalk length, sporangium size, and sporangial arrangement. A new species of

Zosterophyllum, Z. newspecies b, is erected. Although possible relationship between

Zosterophyllum and Distichophytum has been noted by a number of authors (Edwards, 1969a;

Gensel, 1982a; Niklas and Banks, 1990), Z. newspecies b illustrates the similarity between the

two genera the best of all known species. The main difference between this species and species
of the genus Distichophytum is the spacing of the sporangia. Zosterophyllum newspecies b may

represent an intermediate between other members of the subgenus Platyzosterophyllum and the

genus Distichophytum.

Diagnosis:
Axis isotomous, 1.3-1.5 mm wide. Fertile region 22 to more than 37 mm long.

Sporangia in two rows on one side of the axis, 2.0-5.3 mm apart within a single row. Stalks

about 1 mm wide, less than 1 mm long, obliquely inserted, junction with sporangium

inconspicuous. Sporangia discoid, flattened, 1.0-2.0 mm long, 1.6-2.2 mm wide. Dehiscence

zone narrow, dividing the sporangium into two equal valves.

Holotype: US605-8251

Paratypes: US381-2317, US617-7555

Type Locality: Lower Stuart Bay beds, near the boundary of the Stuart Bay beds and Prince

Alfred Formation, in shales below a thick conglomerate, locality US605, on tributary west of

southward flowing, unnamed river in the Polar Bear Pass Region; Pragian; 75°48'59.8"N,

98°24'11.2"W, Bathurst Island, Canadian Arctic Archipelago.

4.1.5 Class: Zosterophyllopsida
Order: Zosterophyllales

Family: Zosterophyllaceae
Genus: Zosterophyllum Penhallow

Subgenus: Zosterophyllum Hueber

Species: Zosterophyllum sp.

Description:
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The following description is based on two specimens: US649-7923 and US614-7444

(Figs. 17,18). Both consist of fragments of dense spikes about 1 cm long, each with a short

portion of the subtending axes. The axis of this species is naked, unbranched in the short

specimens available, and 1.1-1.5 mm wide immediately below the spike. On specimen US614-

7444, the axis broadens near the junction with the spike (Fig. 18). The dense spike is 5.8-6.7

mm wide and composed of densely arranged, imbricate sporangia. These sporangia appear to

be arranged into six rows on specimen US649-7923 and eight rows on specimen US614-7444.

The bases of the sporangia are not visible due to the dense imbrication, but they likely are

sessile or borne on very short stalks. The sporangia are reniform, elliptical, or possibly fan

shaped. Sporangia measure 2.2-3.1 mm (average 2.7 mm) wide. The basal-most sporangia on

specimen US614-7444, are 1.9 mm long, while the remaining, partially obscured sporangia are

at least 1.4-1.8 mm long. Sporangial dehiscence zones are not detectable on either specimen;

however, on specimen US649-7923, each sporangium appears to have borne a central

protruberance on its adaxial side, marked by a shallow dent on this impression fossil (Fig. 17).

Discussion:

These specimens are assigned to the subgenus Zosterophyllum of the genus

Zosterophyllum. Although the sporangia appear to be in rows, they were most likely borne

helically. Subgenus Zosterophyllum (defined in section 4.1.3) includes about 11 species: Z.

australianum Lang & Cookson (1930), z. spathulatum Li & Cai (1977), Z. subverticillatum Li &

Cai (1977), Z. duchanense Li & Cai (1977) (possibly synonymous with Z. subverticillatum (Cai
and Schweitzer, 1983», z. sichuanense Geng (1992), Z. sinense Li & Cai (1977), z.

myretonianum Penhallow (1892), z. deciduum Gerrienne (1988), z. yunnanicum Hsu (1966), Z.

bifurcatum Li & Cai (1977), and Z. rhenanum Krauset & Weyland (1935). The arrangement of

sporangia of Z. longhuashanense Li & Cai, originally reported to be in two opposite rows, was

later concluded by Cai and Schweitzer (1983) to be helical; nonetheless, very little is known

about this species, and comparison will not be attempted. The only species within this subgenus
that bore their sporangia in a dense, terminal spike are Z. australianum and Z. rhenanum.

Zosterophyllum rhenanum, as originally described by Krause! and Weyland (1935), has

relatively loosely arranged sporangia of variable shape. Although the original material was

destroyed in WWII, similar materials from the type section appear to have been greatly distorted

following deposition (Schweitzer, 1979). Schweitzer redescribed Z. rhenanum as possessing

reniform sporangia that were arranged into a dense, 4-rowed spike and indicated that they may

be conspecific with Z. australianum. Zosterophyllum australianum has fan-shaped sporangia

borne in a dense, four-rowed spike.
The specimens described above differ from these two species in that there are more

than four rows of sporangia in each spike. The fact that one specimen bears six rows and the
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other eight rows of sporangia may attest to the plasticity of this character. It may also indicate

that the two specimens do not belong to the same species. Another difference is that the

sporangia of both Z. australianum and Z. rhenanum are much larger and have a wide dehiscence

zone. The sporangia of these two arctic specimens are small, which may also contribute to their

greater density, and no evidence for a dehiscence zone was seen on either specimen. A third

difference is the evidence for a unusual protuberance in the centre of each sporangium that

occurs on specimen US649-7923.

It is possible that specimens US614-7444 and US649-7923 may represent a variant of Z.

australianum with smaller sporangia, more sporangial rows and an obscure or absent dehiscence

line; however, it is also possible that these specimens represent a new species of

Zosterophyllum. Since this description is based on two small, fragmentary specimens, they will

be referred to as Zosterophyllum sp.

4.1.6 Class: Zosterophyllopsida
Order: Zosterophyllales

Family: Zosterophyllaceae
Genus: Zosterophyllum Penhallow

Subgenus: Zosterophyllum Hueber

Species: Zosterophyllum newspecies c

Descri ption:

Forty fertile specimens of this taxon were collected, seven of which consist of detached

sporangia. The largest specimen, US665-6386, measures 15 cm tall and is incomplete basally

(Fig. 19). Axes are naked, and 1.0-2.4 mm wide, becoming somewhat wider at branching points
but generally narrowing distally. Branching is common and can be anisotomous, with one branch

continuing on as the main axis and the other subordinate, or truly isotomous (Figs. 19,20). The

angle of branching of the axes varies from 200 to 800 (average 570). A central conducting strand

can be seen as a dark line on some specimens. No rooting organs were observed and the basal

portion of the plant is unknown.

The fertile region of the plant is 2.0-5.2 cm long and commonly exhibits branching.

Sporangia are arranged helically on the stem on obliquely inserted stalks (Figs. 19-24). The

stalks are widely spaced in the basal part of the fertile region, with about 5.5 mm between

successive stalks, becoming more crowded distally. Stalks measure 0.2 to 1.0 mm (average 0.7

mm) wide. The base of the stalk is not flared, and the attachment of the stalk to the sporangium
is only slightly flared (Fig. 21). The length of the stalks ranges from up to 8.2 mm for the

lowermost stalks to very short in the distal part of the fertile region. Rarely, sporangia appear to
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terminate the axes rather than be borne on stalks. There is also some evidence for the

sporangia being deciduous; isolated sporangia and stalks bereft of sporangia are found (Fig. 23).

The isolated sporangia bear no remnants of their subtending stalks, implying that they were

abscised at a point of weakness immediately below the sporangium, and were not detached due

to mechanical breakage.

Sporangia are large and reniform, with moderately well developed lobes. They are wider

than tall, with a width of 2.1 to 9.0 mm (average 5.7 mm) and a height of 1.1-5.3 mm (average
3.3 mm). A broad dehiscence zone measuring 0.5-1.0 mm (average 0.9 mm) wide divides the

sporangium transversely into two equal halves. It consists of a furrow bordered by a thickened

strip to either side. These two strips bear striations which run perpendicular to the furrow (Fig.

24). Spores have not yet been obtained from sporangia.

Discussion:

The helical arrangement of sporangia into a spike indicate that these specimens belong
to Zosterophyllum, subgenus Zosterophyllum. Of the species within this subgenus, Z.

australianum, Z. spathulatum , Z. subverticillatum , Z. duchanense, Z. sichuanense, and Z.

sinense are immediately distinguishable from this Bathurst Island Zosterophyllum species based

on sporangial shape. The former five species have fan-shaped sporangia, and Z. sinense has

sporangia that are long and narrow.

Zosterophyllum myretonianum bears sporangia that are smaller than this Bathurst Island

species and have very poorly developed basal lobes. The nearly elliptical shape of the

sporangia, along with the short stalks (only up to 3 mm long), narrow dehiscence zone, and the

tendency for the sporangia to fold around the axis, sufficiently separate Z. myretonianum from

the Bathurst Island taxon described above.

The sporangia of Z. deciduum are smaller than any other described Zosterophyllum

species, including the Bathurst Island species. Furthermore, the sporangia of Z. deciduum are

elliptical in outline, have a narrow dehiscence zone, and do not generally have as great a width

to height ratio as does this taxon. One notable similarity between Z. deciduum and the arctic

Zosterophyllum is the deciduousness of sporangia.

Sporangia of Z. yunnanicum are round, elliptical, or weakly reniform, rather than

moderately reniform as is the arctic species. The stalks of Z. yunnanicum also broaden near the

base of the sporangium, causing the junction between the two to be unclear. The junction
between stalk and sporangium is very clear on the Bathurst Island specimens.

Another species within the subgenus Zosterophyllum which has similar sporangia to the

Bathurst Island taxon is Z. bifurcatum. This Chinese species has reniform sporangia with a

broad dehiscence zone like the Bathurst Island taxon; however, the sporangia are borne on

extremely short stalks and are small in comparison to axes.
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As mentioned in section 4.1.5, Schweitzer (1979) realized that the sporangia of Z.

rhenanum are arranged in a dense four-rowed spike and may be synonomous with Z.

australianum. Although z. rhenanum has sporangia of similar size and shape and with a

similarly broad dehiscence zone as the arctic specimens, the sporangia of the Bathurst Island

specimens do not have as dense or orderly an arrangement as Z. rhenanum.

It is evident that the Bathurst Island specimens do not belong to any of the known

species of Zosterophyllum; therefore, a new species is created, Z. newspecies c.

Diagnosis:
Axes naked, about 2.0 mm near the base and 1.0-1.8 mm immediately below the fertile

region, branching common, anisotomous or isotomous. Fertile region terminal, 2.0-5.2 cm in

length, rarely branched. Sporangial stalks helically arranged, up to 8.2 mm long, 0.2-1.0 mm

wide, flaring near the attachment to the sporangium. Sporangia reniform, wider than tall, 2.1-9.0

mm (average 5.7 mm) wide, 1.1-5.3 mm (average 3.3 mm) long, with wide dehiscence zone

(average 0.9 mm) that splits sporangium transversely into two equal halves.

Holotype: US665-6386

Paratypes: US628-8305, US665-7998, US665-9068

Type locality: Lower Stuart Bay beds, locality US665, on north bank of Cheyne River; Pragian;

76°11 '23.7"N, 98°12'27.6"W, Bathurst Island, Canadian Arctic Archipelago.

4.1.7 Class:

Order:

Family:
Genus:

Species:

Zosterophyllopsida

Zosterophyllales

Zosterophyllaceae

Distichophytum Magdefrau

Distichophytum ovatum (Dorf emend Hueber) Schweitzer

Synonyms: Bucheria ovata Dort, 1933 - p. 245, figs 9-17

Rebuchia ovata (Dort) Hueber, 1970 - p. 822

Rebuchia ovata (Dorf emend Hueber) Hueber, 1972b - p. 119, PI. I, Figs 1-5, PI. II,

Figs. 1-4.

Distichophytum ovatum (Dorf emend Hueber) Schweitzer, 1979 - p. 19

Description:

Thirty-eight fertile specimens of Distichophytum ovatum exhibiting variable height were

collected. The largest specimen seen is 15 cm long and incomplete proximally (Fig. 25);
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however, most plants probably reached a height of 8-12 cm. The axes are naked and branch

isotomously at an angle of 25°-40° (average 34°) (Figs. 26-28). The axis measures 0.8-1.9 mm

(average 1.3 mm) wide a few centimetres below the spike and about 1.8 mm below the distal

most isotomy. Rooting organs were not seen.

The spike consists of two rows of sporangia borne to one side of the axis. Spikes are

4.0-41 mm (average 16 mm) long, 2.2-5.5 mm (average 3.3 mm) wide in face view and 1.9-4.6

mm (average 4.0 mm) wide in side view. The sporangia are rarely opposite or sub-opposite, but

typically are arranged altemately within the spike. Sporangia are borne on short, thick stalks

inserted obliquely to the main axis at an angle of 43-70° (average 57°) (Text-Fig. 4.1, Fig. 29).

There is almost no outward distinction between the stalk and the sporangium (Figs. 29, 31). The

stalk/sporangium complex appears obovate in side view. In face view the sporangia appear

round or slightly wider than long (Figs. 25-28, 30, 32). Sporangium length (including the stalk),
as seen in lateral view, is 2.2-4.0 mm (average 2.8 mm); in face view, sporangia are 1.0-2.8 mm

(average 1.8 mm) wide and 1.0-2.3 mm (average 1.6 mm) tall. A narrow dehiscence zone 0.2

mm wide divides the sporangium into two equal halves (Text-Fig. 4.2, Fig. 32). No spores were

isolated from the sporangia.

Discussion:

Dort (1933) described Bucheria ovata from Pragian beds of Wyoming. Plants of this

genus bore two dense rows of round, sessile "appendaqes" at the end of a naked slender axis.

Five years later, Magdefrau (1938) established the species Distichophytum mucronatum from

contemporaneous beds in Germany with a description nearly identical to Bucheria. It would

appear unlikely that Magdefrau would have created Distichophytum if he had been aware of

Bucheria. A complicating factor is that Bucheria is a junior homonym of an extant plant. In

1970, Hueber renamed Bucheria as Rebuchia, with no regard to the genus Distichophytum.

Hueber (1972b) later redescribed Rebuchia ovata and argued that Distichophytum mucronatum

was a synonym of this species. Schweitzer (1979) argued that Distichophytum mucronatum and

Rebuchia ovata belong to the same genus but not the same species. As the name

Distichophytum has priority over Rebuchia, whether one species or two are recognized, the

appropriate generic name is Distichophytum.
A number of additional species have been ascribed to Bucheria and Rebuchia; however,

only the type species appears admissable to Distichophytum. Stockmans (1940) assigned a

single Belgian fossil to Bucheria penduta Stockmans, but Gerrienne (1994) concluded that the

specimen is too poorly preserved to be confidently placed in the genus. Bucheria tonga Haeq

was described from Spitzbergen by Haeq (1942), who, realizing that the specimens ascribed to

Bucheria to that date were based on poorly preserved fertile axes, recommended use of the
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Text-Figure 4.2. Reconstruction of spike of Distichophytum ovatum from Bathurst Island. Scale
bar = 2 mm.
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name as a form genus for poorly preserved spikes. In 1967, H0eg transferred Bucheria tonga to

Zosterophyllum. Bucheria dawsoni Ananiev (1960) represented another use of Bucheria as a

"garbage pail genus". Ananiev claimed that his single specimen appears like Protobarinophyton

Ananiev, but is not well enough preserved to be placed in that genus. Little information on

Bucheria dawsoni was provided and none has been added since. Rebuchia capitanea from

Bathurst Island, described by Hueber (1972a), is here considered synonomous with Bathurstia

denticutata Hueber (see description of this taxon in 4.1.10.2.1)
At present, only two well described species of Distichophytum exist: D. ovatum and D.

mucronatum Magdefrau. Distichophytum ovatum is a profusely branched plant with numerous

vegetative axes. It has wider axes and larger, thicker sporangia than D. mucronatum.

Distichophytum mucronatum branches rarely and has ellipsoid sporangia with a mucronate tip.

Hueber (1972b) thought that the difference in sporangial shape between D. ovatum and D.

mucronatum was not real, but an accident of preservation.
The 38 Distichophytum specimens from Bathurst Island allow a preliminary evaluation of

the variation within the population, and allows determination of plastic and conservative

characters in the genus. Strobilar length and plant size are widely variable, sporangium size and

axis width are somewhat variable; however, branching is invariably uncommon. Furthermore,

although few spikes are preserved in lateral view, all exhibited ovate sporangia.
The Bathurst Island Distichophytum have smaller proportions than those reported to date

from either D. ovatum or D. mucronatum. In vegetative morphology it bears more resemblance

to D. mucronatum in that it branches uncommonly and only rarely bears vegetative axes.

However, the plump sporangia are more similar to those of D. ovatum than D. mucronatum. The

similarity of sporangial shape between the arctic taxon and D. ovatum is considered more

important than its similarity in vegetative morphology with D. mucronatum for three reasons.

Firstly, it is possible that the different morphologies of the vegetative portions of Distichophytum
are a response to ecological factors rather than genetic control. Secondly, Distichophytum, as

currently understood, is only distinguishable from other early land plants with naked, slender,

isotomous axes by the morphology of the spike. Thirdly, the specific epithets "ovatum" and

"mucronatum" refer to sporangial shape and were intended to represent specific differences.

The inclusion of the arctic specimens within D. ovatum diminishes vegetative differences

between D. ovatum and D. mucronatum, so that these taxa are now distinguishable only by

sporangial shape.

4.1.8 Class:

Order:

Zosterophyllopsida

Zosterophyllales
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Family:
Genus:

Species:

Zosterophyllaceae

Newgenus D

Newgenus 0 newspecies

Description:
Three specimens, US644-6378, US693-8289 and US695-8294, belong to this new taxon.

The longest fragment, US644-6378, is 6.5 cm long and incomplete proximally (Fig. 34). Basal

portions of the plant are unknown.

The axes are naked basally (as seen on specimen US693-8289), with a width of 1.8 mm

(Fig. 33). On the small specimen, US693-8294, the axis is approximately 0.9 mm wide.

Branching is isotomous at an angle of 29 to 54° (generally a greater angle distally) (Figs. 33, 34).

Along the majority of their length, the axes bear two opposite rows of deltoid spines. Spines are

opposite or alternate and appear "shark fin" -shaped with the apices curved towards the top of

the plant. The spines also appear to have a three-dimensional element. On specimen US644-

6378, a narrow, thickened rib is seen running through the length of the spine from its base to the

apex (Fig. 35). The distance between spines is variable, measuring from 3.1 to 9.0 mm in a

single row, with space between spines decreasing distally. The length of the attachment of

spines is 1.2-2.9 mm (average 2.2 mm) and they protrude 1.6-4.5 mm (average 3.0).

The fertile region is terminal, without enations, up to 1.4 cm long, and consists of about

nine lateral sporangia (Fig. 36). The sporangia occur in two rows borne on one side of the stem.

Sporangia are either opposite or alternate, circular in outline, and sessile or very short stalked.

The height of the sporangia in face view is 1.9-2.1 mm (average 2.0 mm) and width is 1.9-3.0

mm (average 2.5 mm). No spores were isolated.

Discussion:

Other zosterophylls with two opposite rows of enations include semneceuus Hueber &

Banks (1979), Bathurstia Hueber (1972a), and Crenaticaulis Banks & Davis (1969). Although the

three-dimensional morphology of the spines is not clear, the enations of this taxon are neither

prism nor shelf-shaped, as in semueceuus and Bathurstia respectively, nor are they as small as

those of Crenaticaulis. The unique type of emergences on these plants allows the erection of a

new genus; however, the reproductive morphology may indicate close relation to

Distichophytum. Similarities with Distichophytum include: two rows of circular sporangia oriented

towards one side of the axis in a dense terminal spike; isotomous branching; and similar size.

Evolution of this new taxon from a Distichophytum-like ancestor is not conceptually difficult.

Generic Diagnosis:
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Axes naked proximally, bearing two opposite rows of "shark finn-shaped spines distally;

branching isotomous. Fertile region terminal, consisting of two rows of round, short-stalked or

sessile sporangia directed towards one side of the axis.

Specific Diagnosis:
As generic diagnosis. Axes about 0.9 to 1.8 mm wide bearing spines 1.2-2.9 mm

(average 2.2 mm) long at the base, diverging from axis 1.6-4.5 mm (average 3.0 mm).

Sporangia circular in face-view, 1.9-2.1 mm (average 2.0 mm) tall and 1.9-3.0 mm (average 2.5

mm) wide.

Holotype: US644-6378

Paratype: US693-8289

Type Locality: Lower Stuart Bay beds, locality US644, on north bank of Cheyne River; Pragian;

76°11'41.2"N, 98°10'56.3"W, Bathurst Island, Canadian Arctic Archipelago.

4.1.9 Class: Zosterophyllopsida
Order: Zosterophyllales

Family: Zosterophyllaceae
Genus: Newgenus E

Species: Newgenus E newspecies

Description:

Forty-five fertile specimens of this taxon were collected. The overall height of the plant

was variable, with the smallest nearly complete specimen measuring 5 cm long (Fig. 37), and

the largest (and incomplete) specimen 15.5 cm long. The axes are naked, slender and typically
1.2-2.1 mm (average 1.8 mm) wide, although axes reach 3.0 mm wide in proximal regions. The

axis commonly widens to 2.2-2.4 mm immediately below the spike. Branching is isotomous and

uncommon (Figs. 38, 39). The branches diverge from each other at an acute angle measuring

from 25-35° (average 30°). No evidence of circinate vernation has been noted. No rooting

structures were seen.

The fertile region of the plant is a compact terminal spike measuring 8.0-31 mm

(average 22 mm) long and 3.2-12.0 mm (average 5.2 mm) wide. An isotomy occasionally
occurs within the fertile region (Fig. 37). The sporangia commonly lift off the rock surface,

allowing observation of both sides of the spike.
The spike is composed of two rows of sporangia that are nearly opposite, but slightly

displaced towards one side of the central axis (Figs. 38-42). In one row there are 5-15 (average
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8) sporangia per cm. The point of attachment of the sporangium to the axis is indistinct.

Sporangia are elliptical and longer than wide, with the long axis of the sporangium oriented

perpendicular to the axis. Sporangia are imbricate and commonly folded. When folded, the keel

(on the abaxial side) of one sporangium sits within the trough (the adaxial side) of the subtending

sporangium (Figs. 41, 42). Folded sporangia appear pointed distally in face view. Sporangia are

1.9-4.0 mm (average 2.5 mm) long and 0.8-2.2 mm (average 1.3 mm) wide (about twice as long
as wide). Thickness is unknown. If the folded sporangia are the same as the unfolded

sporangia, the thickness can be estimated to be less than 0.8 mm; fat sporangia would not be so

easily folded. However, if folded sporangia represent dehisced sporangia that are thinner due to

spore loss, the mature sporangium thickness remains unknown. A narrow dehiscence zone

composed of two parallel rims on either side of a suture divides the sporangium transversely

(Fig. 42). Spores were not studied in detail but appear trilete, circular in outline, and

approximately 70Jl.m in diameter.

Discussion:

Like Distichophytum, Bathurstia, and the barinophytes, the fertile region of this species is

composed of two rows of densely arranged sporangia. Barinophytes bear sporangia on long
curved stalks, whereas, like Distichophytum, this taxon has sessile or short-stalked sporangia.
Other similarities of this taxon with Distichophytum include naked, isotomous axes, and the

displacement of the two rows of sporangia towards one side of the axis. Nevertheless, these

specimens differ from Distichophytum in that they bifurcate within the fertile region and the two

rows of sporangia diverge to become nearly opposite. In Distichophytum, the two rows are

strongly and distinctly directed towards the same side. The sporangia of this new taxon also are

borne perpendicular to the axis rather than obliquely, and are thin enough to become folded. For

these reasons, the specimens described above are not included within the genus

Distichophytum. Ananiev (1960) described a specimen of Distichophytum mucronatum which

appears similar to this Bathurst Island taxon. Upon reinvestigation, the Russian specimen may

be demonstrated to be congeneric with this taxon.

The sporangial arrangement of the arctic taxon is very similar to that of Bathurstia. Both

bear longer than wide sporangia arranged perpendicularly and imbricately along an axis.

However, the sporangia of this taxon are occasionally folded, whereas those of Bathurstia are

never folded. Bathurstia further distinguishes itself from the genus described in this section in

that it is larger, does not branch within the sporangial region, bears enations along the axis, and

has circinate vernation.

This taxon is distinct amongst known taxa of early land plants and is therefore

recognized as a new genus, Newgenus E.
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Generic diagnosis:

Axes naked; branching isotomous. Spike terminal, branching rarely, composed of two

nearly opposite rows of densely arranged sporangia. Sporangia sessile, imbricate, elliptical,

flattened, oriented perpendicular to the axis, commonly folded. Narrow distal dehiscence zone

found distally. Spores trilete, homosporous.

Specific diagnosis:
As for generic diagnosis. Plant 5 to about 30 cm tall. Axes naked, 1.2-3.0 mm (average

1.8 mm) wide, widening immediately below spike; branching isotomous at an acute angle. Spike

dense, 3.0-32 mm (average 22 mm) long, 3.2-12.0 mm (average 5.2 mm) wide, with 5-15

sporangia per cm in one row. Sporangia 1.9-4.0 mm (average 2.5 mm) long, 0.8-2.2 (average
1.3 mm) wide, occasionally folded to appear scoop-shaped. Spores trilete, circular in outline,

about 70J.lm in diameter.

Holotype: US486-6426

Paratypes: US636-7770, US664-8261, US492-6539

Type locality: Lower Stuart Bay beds, locality US486; Pragian; on river east of Young Inlet,

76°29'18.8"N, 98°37'10.5"W, Bathurst Island, Canadian Arctic Archipelago.

4.1.10 Class: Zosterophyllopsida
Order: Zosterophyllales

Family: Zosterophyllaceae
Genus: Bathurstia Hueber

Species: Bathurstia denticuiata Hueber

Hueber's original synopsis of this species was based on a few badly weathered axes,

including one specimen bearing the basal portion of a spike. New collections from 27 localities

have revealed 86 specimens of Bathurstia denticulata, including approximately 30 that are

fertile. The majority of specimens are moderately to well preserved and offer much additional

information about this taxon's morphology, structure, and development.

4.1.10.1 Description

4.1.10.1.1 Axes

Bathurstia denticulata was a semi-trailing plant in life. The most complete specimen
collected (US704-8326) has an overall length of just over 30 cm, not all of which stood erect

(Fig. 43, Text-Fig. 4.3). Another specimen, US665-6381, measuring 28 cm in length, broken at
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Text-Figure 4.3. Tracing of Bathurstia denticulata specimen US704-8326 illustrated in Fig. 43.
Scale bar = 1 cm.
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its proximal end and with no indication of bending to become horizontal, implies that axes were

able to reach at least this height and stand erect without collapsing (Fig. 49). Branching of axes

was isotomous, although relatively uncommon, occurring in one plane. In proximal regions,

branching occurred at an angle of 39-56°, with the branches often curving to become parallel

(and presumably vertical) (Figs. 45, 49). In distal regions, however, the branching angle

becomes greater, with an average of 65°. Axes exhibit circinate vemation and coil towards the

ventral side of the axis (the side in contact with the ground) (Figs. 43,48). Text-Figure 4.4 is a

reconstruction of overall form showing details of vegetative and reproductive regions.
Axes were apparently terete, with a width of 4.0 to 12.0 mm (average 6.4 mm), reaching

their maximum width immediately below isotomies. Daughter branches are reduced in width by

approximately 20% (0 to 37%) from the average width of the parent axis. The amount of taper
of axes is negligible throughout the majority of the length. It is only at the circinate tip that

tapering becomes significant. Axes bear a central vascular strand measuring approximately 1.2

mm in diameter (Fig. 49).

4.1.10.1.2 Emergences

Emergences occur in two opposite rows (Text-Fig. 4.5; Figs. 43-49). If the axis is

compressed dorsi-ventrally, emergences are visible along the margins as triangular projections
which protrude from the axis to a distance of 1.1 to 2.0 mm (Figs. 44,47,48) with a base about

1.0 to 2.0 mm wide. The distance between successive apical rims is about 2.0 mm. The bases

of successive emergences are contiguous or nearly so. Between the two opposite rows of

emergences, on both the dorsal and ventral surfaces of the stem, there is a narrow, smooth

region of the axis. If an axis is compressed laterally, the margins will appear smooth, and the

surface will appear to have arc-shaped thickenings (Text-Figs. 4.3, 4.5; Fig. 44). The midpoints
of each arc lie along the lateral line of symmetry of the stem, and as the arms of the arc are

traced towards the dorsal and ventral sides of the stem they bend basally about 2 mm (Fig. 45).
The adaxial surfaces of each emergence are nearly perpendicular to the axis, whereas the

abaxial surfaces are oblique to the axis. Emergences may not be readily apparent on poorly

preserved specimens. There is no evidence that emergences were vascularized.

4.1.10.1.3 Spikes

Dense spikes terminate some of the upright axes (Figs. 43, 49-53). Developing fertile

axes, like vegetative axes, exhibit circinate vemation. Immature spikes consist of two rows of

sporangia oriented towards the ventral surface (Fig. 43, 52). Sporangia attain their maximum

size before or just as the spike unfurls. During development, the sporangial rows appear closely

appressed along the ventral surface. As the spike uncoils, the ventral side of the axis, between

43



Text-Figure 4.4. Reconstruction of Bathurstia denticulata.

44



�
Q)

:>
�

co Q)L.-
........ >c

� tn co
L.-

:::l
........

L.- C
0 -

�--

CO .c
tn en 0 U-- L.-

>< 0 I..
...

« Cl en
«

� �
Q) Q)
:> >

-

CO CO
L.- en
Q) L.-

........ 0
CO Cl_,

.

Clen

Text-Figure 4.5. Reconstruction of enations and sporangia of Bathurstia denticu/ata. A. dorsal or

ventral view of axis, B. lateral view of axis, C. ventral view of mature spike, D.
dorsal view of mature spike, E. lateral view of mature spike.
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the two rows of sporangia, expands so that the sporangia become oriented laterally or nearly so

(Fig. 49-51). The strobilar axis can be observed to be smooth on both the dorsal and ventral

surface, although the dorsal portion of the axis is always wider, even at maturity. Mature spikes
are 28-80 mm long (average 49 mm) and 7.0-18.0 mm (average 11.7 mm) wide in dorsi-ventral

view. The spike tapers distally only slightly along most of its length, then tapers greatly in the

distal 4 mm to impart a broad arc shape to the apex (Fig. 50). The sporangia are generally
similar in size throughout the the spike; however, the basal two sporangia are commonly

smaller, and there is a rapid dwindling in sporangial size in the terminal 4 mm of the spike (Figs.

49,50). It would appear unlikely that the smallest sporangia were fertile.

Sporangia are either sessile on the axis or are nearly so (no stalks were seen) and at

maturity were borne alternately in two opposite rows oriented slightly towards the ventral side.

Sporangia are about 5.0 (2.5-8.0) mm in length and 2.3 (1.5-3.0) mm in width (length is

measured from the point of attachment with the axis to the distal-most point on the sporangium).
On average, the length of a sporangium is 1.4 times greater than the width (varies from 1.0 to

2.5 times). The thickness of the sporangia has not been observed directly. However, specimen
US664-7899 bears some sporangia that have been squashed irregularly and indicates that the

sporangia were thin (Fig. 53). Furthermore, globose or relative!y thick sporangia would not

overlap in a consistent manner as do those of Bathurstia. The estimated thickness of the

sporangia is 1 mm or less. The shape is elongate discoid or possibly elongately reniform with a

minute notch located proximal to the strobilar axis. One of the sporangia of the type specimen
of Rebuchia capitanea (synonymous with Bathurstia as discussed below) exhibits this reniform

shape. The sporangia are imbricate in such a manner that the dorsal and ventral views are

distinctive. If viewed laterally, the sporangia would appear to be oriented obliquely so that the

ventral edge lies proximal to the dorsal (Text-Fig. 4.4). Three to seven sporangia can be found

per cm in each row. Within the circinate coil, the sporangia overlap each other more than on the

uncoiled spike. Within a single row, each sporangium occurs approximately 1.9 mm from the

next. This, notably, is about the same as the spacing between successive enations within a row.

A distinct dehiscence zone measuring approximately 0.2 mm wide is demarked by two parallel
rims that border a central suture zone (Fig. 54).

4.1.10.1.4 Roots and subordinate shoots

Rooting organs are found along the ventral surfaces of the horizontal stems on two

specimens, US493-6576 and US680-6375 (Figs. 47, 48). The roots are smooth, unbranched or

rarely isotomous, and measure 1.0 to 2.3 mm (average 1.7 mm) wide. The longer roots widen

distally to reach a width of 3.5 to 4.0 rnrn. A central vascular strand measuring approximately

0.8 mm wide can be observed on specimen US493-6576 (Fig. 47). Although incomplete, many
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roots reach 5 cm in length, and the longest measures over 7 cm. Specimen US680-6375, forms

rooting organs at its proximal end, but also possesses a series of regularly spaced K-branches all

borne on the ventral side (Fig. 48). One side of each K-branch is a downward-directed naked

branch interpreted as a root. The other side is a branch forming a small, circinate shoot. Many
of the K-branches bear K-branchings themselves on which this same partitioning into a rooting
branch and a shoot branch is repeated. Specimen US493-6576 also bears a K-branch at the

basal part of the upright portion of the stem (Fig. 47).
Two other specimens bear subordinate shoots that are apparently not related to K

branching nor to root production. US636-8217 exhibits three regularly spaced subordinate axes

arising perpendicularly from the main axis. In this case, the subordinate axes branch 1-2 times.

Some have circinate tips while others do not. It is unclear whether all of these branches are

shoots, or if some had a rooting function. Specimen US704-8326 bears a series of small shoots

that bear enations and do not branch (Text-Fig. 4.3, Fig. 43). They are produced at relatively

regular intervals along the stem near the base of the aerial portion of the stem. Subordinate

shoots are typically 2.0-5.0 mm (average 3.0 mm) wide and 4-25 mm (average 15 mm) long.

Although none longer than 5.0 cm were observed, it appears likely that these subordinate shoots

were able to grow to become part of the main axial system of the plant.

4.1.10.1.5 Spores

Spores of Bathurstia are isodiametric, and 30-40 11m in diameter (Fig. 55). They are

smooth and featureless except for the trilete mark, which is commonly indistinct. The trilete

mark extends less than three-quarters of the diameter of the spore. Curvaturae are not

apparent; however, the spores may be zonate. These spores can be identified to the dispersed

spore genus Calamospora.

4.1.10.2 Diagnoses

Class: Zosterophyllopsida Banks, 1968

Order: Zosterophyllales Banks, 1968

Family: Zosterophyllaceae Banks, 1968

Genus: Bathurstia Hueber, 1972a

Type species: Bathurstia denticulata Hueber, 1972a

Original generic diagnosis (Hueber, 1972a p. 9)
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Plant consisting of robust, cuticularized axes with small emergences that produce a

denticulation along the margins of the compressed axes. Apices of axes circinate. Sporangia

large, elongately reniform, borne singly and alternately in two rows on opposite sides of the axis,

the arrangement forming a bilaterally symmetrical, dense spike.

Emended generic diagnosis
Plants with circinate, isotomous axes bearing two opposite rows of shelf-like emergences

on the lateral sides of the stem. Spike of two rows of imbricate sporangia; sporangia elongately
discoid, sessile or nearly so, with distal dehiscence. Homosporous.

Bathurstia denticuJata Hueber, 1972a

Original specific diagnosis (Hueber, 1972a p. 9):
Plant with gently arching stems up to 8.0 mm in diameter and tapering very gradually at

0.012 mm per ern, apices circinate. Stem surfaces cuticularized. Emergences on the stem are 1

to 1.8 mm high and 0.8 to 0.85 mm broad at their bases. Arrangement of the emergences

produces a denticulate to saw-toothed margin as the result of compression of the axes.

Sporangia large, elongately reniform, 6.0 to 6.3 mm wide and 2.5 to 2.8 mm high, borne singly
and alternately in two rows along opposite sides of the axis producing a spike 1.85 cm wide at

the base.

The generic name Bathurstia is derived from the name of Bathurst Island, Parry Island

Group, District of Franklin. The specific epithet is derived from the Latin denticuJatus, with small

teeth.

Emended specific diagnosis:

Synonyms: Bathurstia denticuJata Hueber, 1972a - page 9; plate I, figure 4; plate III, figures 1-5

cf. Bathurstia sp. Hueber, 1972a - page 13; plate II, figure 3

Rebuchia capitanea Hueber, 1972a - page 5; plate I, figures 2,5; plate II, figures 1,2

"zosterophylloid axis" Hueber, 1972a - pages 13-14; plate II, figures 4,5

Robust plant composed of isotomously branching stems borne both horizontally and

erect, reaching approximately 30 cm tall. Axes 4.0 to 12.0 mm (average 6.4 mm) in diameter.

Vernation is circinate. Emergences biseriate, shelf-like, diverging 2.0 mm from axis and

measuring 1.0-2.0 mm high at their bases. Dense spike 7.0-18.0 mm (average 11.7 mm) wide at

the base and 28-80 mm (average 49 mm) long composed of two rows of sporangia borne singly
and alternately on opposite sides of the axis. Sporangia imbricate, elongate, flattened; 2.5-8.0

mm (average 5.0 mm) long and 2.1-5.0 mm (average 3.1 mm) wide, with a dehiscence zone
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along the outer rim. Spores trilete, isodiametric, psilate, measuring 30-40 urn in diameter.

Roots unbranched or isotomous, smooth, measuring 1.0-2.3 mm (average 1.5 mm) wide.

4.1.10.3 Discussion

4.1.10.3.1 Comparison to Hueber's materials

Hueber (1972a) illustrates five specimens belonging to Bethurstie denticuJata or cf.

Bemurstie: GSC nos. 29898, 29900 (holotype), 29901,29902 and 29903. Further study of these

specimens during current work confirm their assignment to Bettiursti« denticuJata. Hueber

thought that 29903 was a fragment of a spike of Bathufstia. In light of the new materials, this

specimen should be interpreted as a vegetative axis, exhibiting two rows of enations, not

sporangia. Specimen 29904 was conservatively referred to as a "Zosterophylloid axis" by
Hueber. The measurements are within the range of Bathufstia and the sporangial arrangement

is also similar, although the rapidly narrowing axis of 29904 is a strange feature that is not

typically seen in Betnurstie. The apparent lack of enations on the stem is not unusual for

specimens of Betiiurstie, and can be attributed to poor preservation. Despite the apparently

atypical construction of the stem of this specimen, we conclude that it, too, represents Bathufstia

denticuJata.

Rebuchia capitanea Hueber, GSC 29899 (holotype), described by Hueber (1972a) in the

same report, is represented by a single specimen. No other specimens have been referred to

this taxon. The relatively large, two-rowed spike is similar to that of Bemurstie. The sporangia
are imbricate, although incomplete preservation obscures this feature. The main difference

between GSC 29899 and Bathufstia denticuJata is that the sporangia are shorter, so that they

appear circular. In contrast to Hueber's interpretation (1972a), no sporangia on this specimen
are considered to be presented in side view. Hueber reported the width of the axis as 2-3.8 mm,

which is far narrower than any known Bathufstia axis. Inspection of the type specimen reveals

that one side of the axis is covered with sediment. At a number of points along the stem where

the axis is completely visible it has a width of 4.1 mm, which is consistent with Bethurstie

denticuJata. This specimen falls within the range of variation observed for Bathufstia denticuJata;

thus, Rebuchia capitanea is considered synonomous with Bathufstia denticuJata.

4.1.10.3.2 Developmental interpretations

Some developmental hypotheses can be formed from the fossil evidence of Bethurstie.

The distribution of the sporangia compared to the enations may have developmental

implications. As mentioned, the sporangia within a row have the same spacing as the enations,
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and no enations occur within the fertile region. These observations imply homology or control of

placement of these organs through a similar series of developmental processes. One difference

between the placement of sporangia versus that of enations is that the two rows of sporangia
within the spike have a sub-opposite origin, whereas the enations are formed in opposite rows.

This sub-opposite development of sporangial rows within the circinate coil explains the

consistent system of overlapping. The sporangia are formed at the apex with their suture zone

within the dorsi-ventral plane of symmetry of the stem. The circinate coiling of the axis and the

substantial taper of the apex of the stem results in new sporangia being formed to the ventral

side of those previously formed within its row.

The development of the subordinate axes and rooting organs of Bettuustie denticulata,

including those formed through K-branching, is of interest but can only be hypothesized here.

Due to the placement of these axes solely on the ventral surface of the axis, and the relative

narrowness of these axes, it is unlikely that they were a product of an arrested or delayed

development following branching. Where isotomy is observed on aerial stems, branches diverge
in the lateral, not the dorsi-ventral plane. Branch formation at regular intervals along the stem

may have been apically controlled, with the periodic formation of potentially meristematic zones

by the apex. However, this regular placement can also be ascribed to hormonal control acting

independently of the apical meristem. It seems likely that roots and subordinate shoots arose

adventitiously. Because both the roots and narrow shoots of Betnutstie are formed on the

ventral sides of the stem and both can be produced from a single K-branching, homology may be

inferred.

4.1.10.3.3 General form of Bathu(stia

By gleaning information from the large collection now available, it becomes possible to

extrapolate the overall form of Bathu(stia denticulata. Bethurstie was a relatively robust plant.

Axes would originally grow erect but as they increased in length they would become prostrate

proximally to form mats about 30 cm tall. Bemurstte denticulata had the potential to become

very laterally extensive by virtue of its prolific production of subordinate shoots, and it is

plausible that it could have grown to form dense clonal mats to diameters on the order of meters.

The growth form and stature of this plant would have made it a highly aggressive and effective

competitor on the early Devonian landscape.

4.1.10.3.4 Comparison with other zosterophylls

For the purpose of comparing Bathu(stia to the other zosterophylls, the classification

presented by Kenrick and Crane (1997a) is used. This classification serves well in grouping the

zosterophylls, including the barinophytes, possessing those traits that are of particular relevance
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to Bathurstia. In their cladistic analysis, Bathurstia (based on the limited description provided by

Hueber, 1972a) consistently fell within their Sawdoniaceae (Kenrick and Crane, 1997a).

Comparison to the spiny zosterophylls (Sawdoniaceae)

Zosterophylls bearing multicellular emergences are numerous. Most bear filiform spines

arranged randomly or helically over the surface of the stem. Only Crenaticaulis Banks & Davis

and Serrulacaulis Hueber & Banks bear deltoid spines in longitudinal rows along the axis in a

manner similar to Bathurstia. It seems exceedingly unlikely that these two enation types had a

common origin.
Crenaticaulis bears small triangular emergences on opposite sides of the stem (Banks

and Davis, 1969). These enations may occur in one or two rows on each side of the stem. They
differ from enations of Bathurstia in that they are not elongate in the transverse direction, but are

longitudinally elongate and have an elliptical base (Banks and Davis, 1969). Crenaticaulis also

differs from Bathurstia in having anisotomous branching, subaxillary branches, and sporangia

with unequal valves borne diffusely along the axis (Banks and Davis, 1969). Beyond the

bilateral arrangement of parts and possession of enations, Bathurstia and Crenaticaulis have

little in common.

Of all the zosterophylls, Bathurstia bears the greatest resemblance in form to the Middle

to Upper Devonian zosterophyll Serrulacaulus. Like Bathurstia, this genus has a decumbent

form, isotomous branching, circinate vernation, two opposite rows of enations, and a two-rowed,

alternate arrangement of sporangia. The axes and enations of these two genera are of similar

size. The major differences between the two are the arrangement and shape of the sporangia.
The reproductive region of Serrulacaulis (known only from Frasnian specimens from New York

(Hueber and Banks, 1979» is easily distinguished from that of Bathurstia in that the sporangia of

Serrulacaulis are reniform, borne erect, and occur diffusely in two rows along a single side of the

enation-bearing axis.

Although the enations of Bathurstia and Serrulacaulis are of similar size and

arrangement, details of their shape help to distinguish the two genera. Serrulacaulis has

elongate prism-shaped emergences (Berry and Edwards, 1994). On Bathurstia, the broad and

shelf-like emergences extend further toward the dorsal and ventral midlines of the axis and

curve basipetally at their ends. Furthermore, the slopes of the two surfaces of a single enation of

Bathurstia are unequal. The adaxial surface is commonly perpendicular to the axis, whereas the

abaxial surface has a slope that is oblique to the axis.

It is possible that Bathurstia and Serrulacaulis are closely related. However, it is also

possible that some of their similarities are a result of convergent evolution. To resolve this
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dilemma, it is necessary to either amass a greater amount of data to support or oppose the

relationship, or to determine the adaptive significance of the characters. Do the characteristics

of decumbent habit and presence of enations shared by Bathurstia and Serrulacaulis betray a

close relationship; or, do the differences in shape and orientation of the sporangia mean that

they are distantly related? At present, we can only speculate about the adaptive significance of

characters of these extinct plants.
If we are to take the similarity of reproductive structures over vegetative, as is often

done with plants, then Bathurstia and Serrulacaulis would not be very closely related.

Mosbrugger's hypothesis (1995) that enations (and microphylls) developed synchronous with

increased width of stems, lends support to this interpretation. The presence of enations

maintains a high surface area to volume ratio to compensate for increase in the size of the stem.

If Mosbrugger's hypothesis is true, then the widening of stems of a bilaterally arranged,
isotomous zosterophyll could result in both a decumbent habit and the development of enations.

Bathurstia and Serrulacaulis may have attained similar vegetative characteristics through the

widening of the axes of two separate lineages of zosterophylls. The two genera are also not

known to be contemporaneous.

If the vegetative characteristics were conservative, however, then it is possible to

envisage the transformation from the older Bathurstia-type to the Serrulacaulis-type of fertile

region through increase in sporangial stalk length and the decrease in density of the fertile

region.

Mosbrugger's hypothesis implies a photosynthetic function of the enations. Edwards

(1993) argues that a photosynthetic function of enations is unlikely, because there is evidence

that in early land plants the photosynthetic tissues were deep-seated in the stems. This

argument may apply to filiform or acicular appendages, but would not apply to the massive

emergences of Bathurstia and Serrulacaulis. It would appear that emergences of the likes of

Bathurstia would be an effective way, perhaps the only way, a plant like this could increase its

effective photosynthetic surface area.

Comparison with the Barinophytaceae
The Barinophytaceae was erected by Krausel and Weyland (1968) to accommodate

primitive vascular plants with sporangia arranged into two lateral rows along the axis. As

knowledge about both the barinophytes and zosterophylls has grown, this characterization of

barinophytes has become unsatisfactory. Many zosterophylls bear sporangia in two lateral rows

in the manner of the barinophytes; however, at least some of the barinophytes continue to set

themselves apart with such distinctive characteristics as intrasporangial heterospory.

Reinterpretations of Barinophyton White and Protobarinophyton Ananiev by Brauer (1980, 1981)
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provide evidence that this family does belong, however, within the Zosterophyllopsida (Kenrick
and Crane. 1997a).

Genera ascribed to the Barinophytaceae include Barinophyton White (1905),

Pectinophyton H0eg (1935), Protobarinophyton Ananiev (1955), and Krithodeophyton Edwards

(1968) (the form genus Barinostrobus is excluded here). Brauer (1980) showed that

Pectinophyton bipectinatum Ananiev (1954) should be transferred to Barinophyton, and that the

only other described species of Pectinophyton, P. norvegicum H0eg (1935), may also represent

an incompletely preserved example of Barinophyton. Krithodeophyton (Edwards, 1968) is poorly

preserved. but there is some indication that it may belong to Protobarinophyton (S.E. Scheckler,

pers. comm. 1997). The two remaining genera of the Barinophytaceae, Barinophyton and

Protobarinophyton, will be compared to Bathurstia.

Certain species of these two genera are very similar to Bathurstia. Similarities include

the dimensions and arrangement of the fertile axes, the dimensions of the axes, and circinate

vernation. Furthermore, Ananiev (1954; 1957) and Brauer (1980) noted laterally-compressed
curved spikes of Protobarinophyton and Barinophyton, respectively, in which the sporangia are

directed ventrally. They indicate that these likely represent juvenile spikes. This corresponds
with vernation noted here for Bathurstia. If poorly preserved, fragmentary, or insufficiently

studied, specimens of Bathurstia, Protobarinophyton and Barinophyton may be confused one for

the other.

Barinophyton may be easily distinguished from Bathurstia by the following features:

spikes of Barinophyton are sessile and arranged spirally along the main axis; branching is

anisotomous; sporangia were indehiscent and likely shed whole (White, 1905; Brauer, 1980);

Barinophyton has distinctive sporangiferous appendages; and exhibits intrasporangial

heterospory.

Protobarinophyton bears a greater resemblance in general morphology to Bathurstia.

Isotomous branching in one plane and dense, two-rowed spikes are characteristics that are also

found in Bathurstia. However, the attachment of sporangia at the ends of curved stalks and the

lack of imbrication of the sporangia distinguish Protobarinophyton.

Although Barinophyton and Protobarinophyton may not form a natural group (S.E,

Scheckler, pers. comm, 1997), nevertheless, neither appears closely related to Bathurstia. The

similarity of reproductive morphology between Bathurstia and the Barinophytaceae is, in our

opinion. best considered superficial at this time.

Comparison to the zosterophylls with auricular sporangia (Gosslingiaceae)
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The Gosslingiaceae includes the genera Gosslingia Heard (1927), Oricilla Gensel

(1982b), and Tarella Edwards & Kenrick (1986), all of which bear two rows of sporangia in an

extended fertile region. The sporangia have an auricular orientation and are borne on very short

stalks (Kenrick and Crane, 1997a).

Gensel (1982b) notes the similarity of Rebuchia capitanea and the "zosterophylloid axis"

from Bathurst Island to Oricilla bilinearis Gensel. Among the similarities noted were the naked,

unbranched axes, and fertile regions composed of two rows of sporangia of similar size and of

possibly similar auricular orientation. Both R. capitanea and the "zosterophylloid axis" of Hueber

(1972a) are here synonymized with Bathurstia denticulata, and any similarity to Oricilla bilinearis

is considered a consequence of poor preservation resulting in the lack of enations and details of

sporangial configuration. The sporangia of Oricilla tend to be widely spaced along the axis and

are wider than long, whereas those of Bathurstia are dense and tend to be longer than wide.

Furthermore, the sporangia of Bathurstia are barely reniform (if reniform at ali), whereas those of

Oricilla have distinct basal lobes. Bathurstia furthermore bears sporangia at an oblique angle (as

observed in lateral view). However, it is not clear whether this orientation was derived from an

auricular sporangial orientation or from an orientation 900 from this (line of symmetry running
transverse to the stem). Apparently, if the sporangia of any of the members of the

Gosslingiaceae were arranged into a dense spike, they would overlap and take an oblique

orientation, and would indeed look very similar to Bathurstia.

Tarella is also similar to Bathurstia in that it bears subordinate branches which are not

confined to the subaxillary region, but distributed along the length of the axis. Like Bathurstia,

these branches are rare along the axis, often circinate and most are unbranched. They are

variable in morphology, and have a length of about 1.3 cm (Edwards and Kenrick, 1986). The

subordinate branches of Bathurstia are commonly much longer and are found exclusively on the

ventral side of the axis, whereas those of Tarella apparently occurred on all sides of the axis.

Edwards and Kenrick (1986) interpret these subordinate branches as dormant axes which would

not normally develop into part of the "main axial branching system of the plant". The

subordinate branches of Bathurstia are substantial and appear to have been capable of

developing as normal axes, although their development may have been arrested. It should be

noted that Drepanophycus spinaeformis, as illustrated in section 4.1.12, similarly produced

subordinate K-branches at intervals along the ventral side of the stem. However, in that taxon

the aerial shoot of the K-branch appears to have developed continuously once formed.

Comparison to Distichophytum (=Rebuchia)
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The only remaining reported zosterophyll bearing a bilaterally-arranged compact spike is

Distichophytum (equivalent to Rebuchia (Schweitzer, 1979». This genus was placed in the

Barinophytaceae by Krausel and Weyland (1968) but later removed when its similarities to

Zosterophyllum were demonstrated. Like Bathurstia, Distichophytum bears its sporangia in two

rows oriented towards one side of the axis (Magdefrau, 1938). The sporangia were described by
Hueber (1972b) as being at the ends of short broad stalks. The axes isotomize like those of

Bathurstia, but they are naked and erect. No known species of Distichophytum reached the size

of Bathurstia denticulata, and none have been shown to have circinate vemation. These two

genera are significantly different.

As discussed in section 4.1.9, Newgenus E newspecies bears similarity to both

Distichophytum and Bathurstia. It is the only reported plant which bears sporangia in a manner

similar to Bathurstia. This shared similarity may indicate phylogenetic relationship if sporangial

arrangement is considered a shared derived character.

4.1.10.3.5 Evolutionary conclusions

Based on current knowledge about the zosterophylls and their systematics, it is not

possible to resolve the systematic position of Bathurstia. Phylogenetic pathways leading to

Bathurstia can be drawn in a number of ways depending on which characters are considered

important. Possible close relatives of Bathurstia include Serrulacaulis, Newgenus E newspecies,

and members of the Gosslingiaceae. In order to resolve phylogenetic relationships, it is

necessary to initiate research into intrageneric and intraspecific variation of zosterophyll taxa.

Through these studies, an understanding of which characters are conservative and which are

relatively plastic may be attained and phylogenetic hypotheses within this group would

undoubtedly improve.

4.1.11 Class: Zosterophyllopsida
Order: Zosterophyllales

Family: Zosterophyllaceae
Form Genus: PSilophytites Haeq

Species: Psilophytites sp.

Description:
The Bathurst Island collection includes 123 vegetative specimens that appear to belong

to the form genus Psilophytites.
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This plant was large and erect (Figs. 56-58). The longest specimen seen is

approximately 35 cm tall and is incomplete at both ends; widest, 5.0 mm wide. Axes show little

or no taper along their length and exhibit only a negligible amount of bending. Branching of the

axis is alternate and apparently within one plane. Branching of the main axis is anisotomous,

whereas the distal regions of the plant are commonly isotomous (Figs. 57-58). Branching occurs

at angles between 32 and 57° (average 44°). Anisotomous branchings produce a larger, slightly

zig-zag "main axis" and a series of subdominant branches. The main axis is on average 2.2

times wider than the subordinate axis. Main axes and some subdominant branches are spiny;
most branches and smaller axes are naked (Figs. 56-58).

Spines appear as acicular projections (Figs. 56-58), and where carbon has been

weathered away, the bases of the spines are seen as black punctae (Figs. 59-60). Spines are

evenly spaced along the stem but have no orderly arrangement. Spines commonly measure

about 2.0 mm long but may reach a length of 4.9 mm. At their base, they measure

approximately 0.6 mm in diameter, while along the majority of their length they are 0.1-0.4 mm

wide, tapering to an acute point (Fig. 49).
On some specimens, below the axils of the branches, round tubercles or depressions

occur (Figs. 59, 60). The depressions probably represent areas where carbon was lost. These

structures are commonly found on specimens which have a main axis that is at least 4.0 mm

wide. Tubercles measure 1.6-2.7 mm (average 2.1 mm) in diameter. On one specimen, US608-

6910, a short branch is seen at the site that a tubercle would usually be found.

No roots were seen, and no reproductive organs have been recognized.

Discussion:

This taxon is thought to have been stiff and brittle in life, because all observed

specimens are broken and the axes are not flexuous. This brittleness, the anisotomous

branching and the spines make this taxon one of the most easily recognized and commonly
found taxa in the Bathurst Island Pragian flora. However, the abundance of this taxon may be

artifically enhanced as there is a distinct possibility that more than one species is represented

amongst these 123 specimens. The lack of sporangia and variability in preservation means that

identification is based largely on the features of anisotomous branching and the previously
mentioned brittleness. The most likely species in this flora to be confused for Psuopnvtnes is

Zosterophyllum newspecies c. In the absence of fertile material, the axes of the latter species

can be distinguished because they are relatively flexible, show no evidence of spines, and are no

wider than 2.2 mm.

Besides the form genus PSilophytites, numerous other Early Devonian plants bear

acicular or filiform spines: some species of Psilophyton Dawson (1859), Margophyton
Zakharova (1981), Sawdonia Hueber (1971), Koniora Zdebska (1982), Deheubarthia Edwards
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Table 4.2. Vegetative characteristics of Early Devonian plants with filiform spines.

taxon branching spine morphology axillary other
features features

Psilophytites sp (this anisotomous, isotomous acicular, up to 4.7 prominences
report) distally, planar mm long,

perpendicular to stem

Psilophytites isotomous or 1.6-4.0 mm long, very spiny
gillepensis anisotomous about 100/cm2, axillary
(Gerrienne, 1992a) curved branches

Psilopnvton coniculum irregular, anisotomous to up to 1.1 mm long,
(Trant and Gensel, isotomous conical with rounded

1985) tip
Psilophyton anisotomous to entire to trifid, none wart-like
crenulatum (Doran, isotomous, non-planar, tapered, 1-6 mm crenulations

1980) irregular long, up to 1.5 mm at
base

Psilophyton anisotomous, non-planar dense, tapered, 2-2.5 none

charientos (Gensel, mm, smaller and

1979) sparser towards apex

Psilophyton anisotomous and acicular 2 mm long,
microspinosum isotomous, non-planar 0.4 mm wide at base,
(Kasper et al., 1974; sparse arise at angle
Andrews et al., 1977) of 70-80°

Psilophyton princeps anisotomous, sometimes flat-topped, 2-2.5 mm

(Hueber, 1967; isotomous, not planar long, randomly
Hueber and Banks, arranged
1967)
PSilophyton anisotomous to acute tips, less

wyomingense (Dort, isotomous spines distally
1934)
Koniora isotomous, non-planar varying size and sporangia longitudinal
andrych0viensis frequency found at wings and

(Zdebska, 1982) axils circinate

apices
Ensivalia deblondJi branching is rare, up to 4.0 mm long prominences
(Gerrienne, 1996a) anisotomous and and scars

isotomous

Oiscalis longistipa upright axes are expanded apices none circinate

(Hao, 1989) unbranched, non-planar apices
branchinq of rhizomes

Anisophyton gothanJi anisotomous, isotomous expanded apices subordinate circinate

(Remy et el., 1986) distally, planar branches apices
Sawdonia anisotomous to variable shape from circinate tips
acanthotheca (Gensel isotomous, uncommonly deltoid to hair-like,
et al., 1975) branching, planated 0.13to 1.8 mm long
Sawdonia ornata anisotomous, branching approximately 2-4.5 circinate tips
(Hueber, 1971, alternately in one plane mm long, 0.5-1.8 mm

Rayner, 1983) wide at base

Margophyton anisotomous, isotomous acute tipped, straight, prominences lateral wings
go/dschmidtii ((Halle) lateral branches, planated up to 4 mm long
Zakharova, 1981)
Oeheubarthia anisotomous, isotomous acute-tips subordinate circinate

sp/endens (Edwards distally, planar branches apices
et aI., 1989)
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et al. (1989), Anisophyton Remy et al. (1986), Ensivalia Gerrienne (1996a), and Oiscalis Hao

(1989). Table 4.2 shows the vegetative characters of selected species of these genera.

The spiny axes from Bathurst Island bear no close similarity to any of the spiny

trimerophytes. No spiny species of Psilophyton possess either alternate branching within one

plane, or axillary protuberances. Furthermore, in general, the branches of Psiioptiytcn appear

much more flexuous than the arctic spiny axes. The remaining taxa with filiform or acicular

enations are zosterophylls. Koniora can be immediately distinguished from the arctic taxon by its

isotomous, non-planar branchings, spines of varying size and frequency, and axillary sporangia.
Ensivalia is distinguished from the arctic specimens in that it branches rarely, has wider axes

reaching up to 7.5 mm wide, and has wider spines, 0.4 to 0.6 mm wide along the majority of their

length. Oiscalis differs from the arctic specimens in that it does not branch in the upright region,
lacks axillary prominences and has spines with expanded apices. Anisophyton, like Oiscalis,

also bears spines with expanded apices, and not acuminate apices like the arctic specimens.
Sawdonia is not reported to possess axillary tubercles, nor do the branches appear as rigid as

inthe Bathurst Island PSilophytites. Margophyton goldschmidtii and Oeheubarthia splendens bear

the most similarity to the arctic Psilophytites specimens. Margophyton differs only in the

possession of lateral "wings" on opposite sides of the stem, and Oeheubarthia differs in exhibiting

circinate apices, and in bearing axillary branches rather than tubercles.

Although specimens of this taxon were called Sawdonia ornata by Hueber (1972a), with

the absence of fertile material, these specimens are better referred to the form genus for such

spiny axes, Psilophytites. The characteristics of the vegetative axes indicate that it is probably a

zosterophyll with potential affinity with Margophyton or Oeheubarthia.

4.1.12 Subdivision:

Class:

Order:

Family:
Genus:

Species:

Lycophytina

Lycopsida

Drepanophycales

Drepanophycaceae

Orepanophycus Goppert

Drepanophycus spinaeformis Goppert

See Dort and Cooper (1943) for list of synonyms

Description:
The University of Saskatchewan collection includes more than 50 specimens of

Orepanophycus spinaeformis; two of these are clearly fertile and another three are possibly
fertile.
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The plant was large, with axes trailing along the ground but bending to become vertical

distally. This taxon had the capability to be the largest plant of the Bathurst Island Pragian flora,

although size of axes is highly variable, and the majority of specimens are smaller than

Bettiurstie. The longest specimen known is 48 cm long and incomplete. The above-ground axes

are highly variable, ranging from 2.2-17 mm (average 7.3 mm) wide. These axes tend to widen

distally, changing most rapidly in the proximal (basal) region of the plant. The shoot apex is

dome shaped (Fig. 62). A central vascular bundle, measuring 1.2-2.1 mm (average 1.6mm) wide

can be seen on some specimens (Fig. 63), and appears to remain relatively constant in thickness

no matter what the width of the axis.

Generally the above-ground axes did not branch, but on several specimens representing

proximal regions of the plant, K-branches arise at relatively regular intervals. On specimen
US636-8206 (Text-Fig. 4.6; Fig. 62, 64), the interval between K-branches is approximately 1.1

cm. K-branches formed by isotomous branching of an axis arising from a knob-like protrusion

growing from the side of the main axis. Usually, one of the resultant branches is an unbranched

shoot and the other a naked rooting structure; however, other combinations have been noted.

Rooting structures also fonn as naked, commonly unbranched protrusions along the shoot as in

specimen US604-6380 (Fig. 61). The longest roots seen are 16.9 mm in length (Fig. 64). They
are 1.6-2.8 mm (average of 1.9 mm) wide near divergence from the shoot, narrowing to 0.9-1.2

mm in middle regions and broadening at the terminus to 1.1-1.7 mm. The root-like axes branch

either anisotomously or, less commonly, isotomously (Fig. 64).
Most axes bear numerous spine-like leaves along their length. Some downward-directed

shoots are naked, and likely represent rooting organs. Larger, weathered specimens which show

the positions of leaf bases indicate that microphylls are arranged helically (Text-Fig. 4.7, Fig.

63). About 19-40 microphylls occur per 1 cm on the larger specimens, and they become more

crowded distally. Microphylls have a variable length ranging from 1.1-13 mm (average 5.3

rnrn), commonly becoming longer distally (Fig. 63). The leaf has a broad, round base, 0.8-2.4

mm wide. The middle region of the leaf, the sides of which are nearly parallel, is 0.2-0.9 mm

(average 0.6 mm) wide. The angle of divergence of the leaves from the axis decreases distally.
In basal regions the angle is about 70-80°; whereas at the apex, spines are found at 0-30° from

axis (overall average = 60°). A vascular trace extends from the main vascular bundle to each

leaf. This trace measures about 0.2 mm in diameter on specimen US669-8030 (Fig. 65).
The sporangiate region of the plant is found on the upright portion of the stem, but the

stems appear to have been indeterminate, and therefore the sporangia are not necessarily near

the apex (Fig. 66). Leaves are found within the fertile region. The length of the fertile region is

variable: on specimen US607-81 OS, the length is 2.9 cm and incomplete distally. The sporangial

arrangement is unclear but is not in rows, and presumably follows a helical pattern in the same
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Text-Figure 4.6. Tracing of Drepanophycus spinaeformis specimen US636-8206 showing a

series of K-branches and buds arising from one side of the axis. Scale bar = 1
cm.
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Text-Figure 4.7. Tracing of Drepanophycus spinaeformis specimen US637-7814. Lines

connecting leaf traces illustrate their helical arrangement.
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manner as the leaves. The sporangia are borne at the ends of short, obliquely inserted stalks.

The stalks measure 0.8-1.2 mm long and 0.5-0.8 mm wide, and broaden near the junction with

the sporangia. Sporangia are weakly reniform, 2.0-4.2 mm (average 3.4 mm) wide, and 2.0-3.1

mm (average 2.8 mm) long. A dehiscence zone was not seen on any of the specimens. No

spores were isolated from the sporangia.

Discussion:

Specimens of this species from the original collection of Bathurst Island plants were

identified by Hueber (1972a) as Drepanophycus spinaeformis. Of the pre-lycopod taxa presently
known, including the genera Asteroxylon Kidston & Lang (1920b), Kaulangiophyton Gensel,

Kasper & Andrews (1969), Baragwanathia Lang & Cookson (1935), Halleophyton Li & Edwards

(1997), and Drepanophycus Goppert, the falcate, spine-like leaves with enlarged circular bases

of the arctic specimens indicate that it indeed fits best within Drepanophycus spinae formis.

Other characteristics of D. spinaeformis that serve to ally the arctic specimens with it are the

arrangement of leaves in a helix not approximating a pseudo-whorl, axes less than 4 cm wide,

and H- and K-branching.

Drepanophycus spinaeformis is known from Early Devonian floras throughout the world,

yet fertile specimens are extremely rare. To date, six occurrences of fertile Drepanophycus
have been reported (Krausel and Weyland, 1930, 1935; Croft and Lang, 1942; Kasper, 1974;

Schweitzer, 1980b; Schweitzer and Heumann, 1993; Li and Edwards, 1995). In the first reports

of fertile Drepanophycus spinaeformis, the sporangia were reported to be terminal on stalks on

some specimens, and in others, found on the adaxial side of the leaves (Krausel and Weyland,

1930). All further findings of fertile Drepanophycus specimens indicate that the sporangia are

not associated with the leaves, but are cauline (Croft and Lang reported the sporangia as

occurring at the apices of the leaves, but more likely the sporangium-bearing "leaves" were

actually stalks). The descriptions of sporangial attachment provided here and in other reports of

the last 55 years contribute a compelling body of evidence for the cauline attachment of

sporangia in Drepanophycus without association with the microphylls.

Roots of Emsian specimens of Drepanophycus have been reported by a number of

authors (Schweitzer, 1980b; Rayner, 1984; Li and Edwards, 1995). The Bathurst Island D.

spinaeformis roots differ from those of the Emsian specimens in being not as highly branched.

speculate that this increase in branching between the Pragian and Emsian was an adaptation to

the larger size of Emsian plants, as taller, larger plants require better anchorage and greater

uptake of water and nutrients.
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4.1.13 Class:

Order:

Family:
Genus:

Species:

Lycopsida

Drepanophycales

Drepanophycaceae

Drepanophycus Gbppert

Drepanophycus gaspianus (Dawson) Krausel & Weyland

See Grierson and Hueber (1976) for list of synonyms.

Description:
One vegetative specimen of this species, US337-2597, was recovered. This axis

fragment is 8 cm long and branches isotomously at an acute angle (Fig. 67). Below the

branching point, the axis measures 8.6 mm wide; the daughter branches measure about 4.0 mm

wide. The surface of the axis is clothed with numerous short flattened leaves, the majority of

which are broken. The bases of the leaves occur between 0.7 and 1.2 mm apart from one

another and appear to be arranged into a "low" spiral. The leaves are about 1.5 mm long and

0.6 mm wide at the base, tapering gradually to an acuminate apex (Fig. 68).

Discussion:

The presence of numerous spirally arranged enations is indicative of lycopod affinity. Of

the herbaceous Devonian lycopsids, this specimen is most like Asteroxylon, Baragwanathia,

Halleophyton, and Drepanophycus gaspianus in its possession of laminar, entire, parallel-sided
leaves. Asteroxylon and Baragwanathia have leaves that are much longer than this specimen
and Baragwanathia stems are much wider. Halleophyton, from Lower Devonian beds of China

(Li and Edwards, 1997), and Drepanophycus gaspianus are distinguished from one another

based on information about the fertile morphology that is available from some of the Chinese

specimens. All recorded D. gaspianus is vegetative; however, Li and Edwards (1997) indicate

that D. gaspianus may be included within Halleophyton when information on its sporangial

morphology is acquired. Our specimen is smaller than the specimens typically assigned to D.

gaspianus; Grierson and Hueber (1976) indicate that the narrowest axis of D. gaspianus
recovered from northern New Brunswick was 1.1 cm wide. Halleophyton, however, has a stem

width between 5 and 15 mm, which is more consistent with the width of the the arctic specimen.
The leaves of the Bathurst specimen are shorter than those typical for D. gaspianus and

Halleophyton. Nevertheless, the Bathurst Island specimen correlates most closely with these two

taxa. Because US337-2597 lacks sporangia, it is referred to Drepanophycus gaspianus.
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4.1.14 Division:

Subdivision:

Class:

Tracheophyta

Euphyllophytina

Trimerophytopsida
Gen. et sp. indet. 1

Description:

Specimen US381-2307 is immediately distinguishable from all other plants in this flora

by its distinctive branching pattem.

The single fragment measures 5.7 cm long and is incomplete at both ends (Fig. 69). It

consists of a main stem measuring 2.9-3.2 mm wide on which no ornament is visible. A central

vascular strand is visible as a dark stripe in the center of the axis. From this axis, approximately
six lateral branches arise helically. However, unlike most plants of the Early Devonian, the main

axis does not widen immediately below the branching point, but remains relatively constant in

width along its entire length. The branches measure 0.9-1.2 mm wide proximally and taper

distally. Each lateral branch is 1.9-3.3 cm long and branches isotomously at least once, and up

to three more times, along its length. Some branches terminate in a pair of fusiform sporangia

measuring 0.2-0.3 mm wide and 2.1-2.4 mm long (Figs. 70, 71). The distal ends of some pairs
of sporangia appear to be twisted around one another (Fig. 71). Some sporangia have acute

apices, although others are obtuse. No dehiscence area is noted. No spores have been isolated

from sporangia.

Discussion:

This specimen belongs among the Trimerophytopsida due to its terminal, fusiform,

paired sporangia. However, it differs from all other trimerophytes in its unclustered sporangia
and distinctive branching. The sporangia of this specimen are also smaller than those of most

other trimerophytes except Psilophyton dapsile Kasper et al. (1974). A third difference is that the

main axis does not widen or narrow along its length in respect to the production of branches, as

do most contemporaneous plants. The main axis appears exclusively anisotomous or

monopodial, yet the branches it produces are exclusively isotomous. This branching pattern is

somewhat similar to that seen in the possible pseudosporochnid Foozia Gerrienne (1992b). This

genus, known from Belgian compression fossils, bears pairs of sporangia terminally on long,

spirally-arranged "appendages". These appendages rarely branch, but when they do, branching
is isotomous. The main axis of Foozia is Significantly wider than the appendages and has

numerous longitudinal stripes that represent a lobed or dissected stele. Foozia and US381-2307

are of similar size, but the sporangia of the Bathurst Island specimen are thinner and more

closely associated with one another in the pair. The lateral branches of US381-2307 also branch

much more commonly than Foozia and there is no evidence for a lobed or dissected stele.
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The taxonomic position of this specimen remains unresolved here due to its odd

characteristics, the lack of anatomical data, and the limited material available. Because only a

single specimen is a available at this time, it is not formally described.

4.1.15 Division: Tracheophyta
Gen. et sp. indet. 2

Description:

Specimen US608-6873 is a plant fragment measuring approximately 4.6 cm long, 0.9

mm wide, and with longitudinal striations on its surface (Fig. 72). Along its length, it bears four

peg-like branches at nearly right angles to the axis. These unbranched pegs are 3-6 mm long
and approximately 0.4 mm wide. Near the distal end of the main axis, three round to elliptical

sporangia are visible. The sporangia measure 1.3-1.8 mm (average 1.6 mm) wide and 1.1-1.6

mm tall. Their attachment to the axis is not preserved.

Discussion:

The only other reported early land plants bearing a terminal cluster of sporangia in a

manner such as US608-6873 is Hedeia Cookson (1935). Hedeia has numerous elongate

sporangia that terminate a closely spaced series of isotomous branches. However, these

branches do not arise as abruptly as in specimen US608-6873, and the shape of Hedeia

sporangia is drastically different from this Bathurst Island specimen.
This specimen may belong amongst the rhyniophytoids; however, any affinity even at

that taxonomic level is difficult to assess due to incompleteness of the specimen.

4.1.16 Division: Trachophyta
Gen. et sp. indet. 3

Descri ption:

Specimen US666-8021 consists of an axis measuring 4.8 mm wide proximally that

branches anisotomously to form several subordinate branches 1.3-2.9 mm wide (Fig. 73).
Above each branching point, the main axis is considerably narrower than below that point.

Branching is probably not planar and occurs at an angle close to 900. At the base of a branch, a

longitudinal line extends down the main axis from the axil basally for a length of 1.0-4.0 mm

(Fig. 74). The branches are commonly unbranched, and bend towards the top of the plant in a

broad arc.
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Two lateral organs are found in the distal part of one of the more complete branches

(Figs. 73, 75). These organs appear to be composed of a series of fine branchings that are

constrained into an oval shape. Unfortunately, they are too incompletely preserved to interpret.

Discussion:

The branching pattem of this specimen is not similar to known rhyniophytes,

trimerophytes, lycopods, nor the zosterophylls. The affinity of this specimen below the rank of

kingdom is unknown.

4.2 Discussion

4.2.1 Comparison of Pragian floral composition from different sites on Bathurst Island

Trends in the distribution of taxa from the Pragian collection sites of Bathurst Island are

difficult to extrapolate. Three factors hinder the examination of floral compositions at each site:

sampling methods; taphonomy; and "recognizability".

Firstly, sampling methods used in this project may have resulted in samples that are not

representative of the preserved flora. If numerous fertile specimens were available at a site, all

but the best or most unusual vegetative specimens were left behind. Conversely, if the quantity
and quality of fossils at a site was low, nearly any plant remains were collected. A good example
of this sampling bias can be seen in the records of Psilophytites sp. Psilophytites sp. is found at

almost every plant fossil site, even in coarser sediments where remains of other plants are not

preserved. It is an abundant fossil probably because the plant was brittle, large, had strong

construction, and is readily identifiable. However, representation of PSilophytites sp. in the

collection corresponds less to the actual proportion of the taxon at any given site than to the

availability of other types of specimens. In both the Polar Bear Pass Region and the Cheyne
River Region, PSilophytites sp. and other unidentified vegetative specimens were collected in the

early, exploratory stages of the field work, but were less commonly collected when productive
sites bearing numerous fossils were found. Another problem related to sampling is that highly

productive sites appear to include a greater number of taxa than poorly productive sites. This

can result in the correlation of highly productive sites because they have similarly large arrays of

taxa.

Secondly, some taxa have higher preservation potential than others. Presumably, the

plant fossils collected from Bathurst Island represent only a portion of the entire flora of "Boothia

Land". Plants with a parenchymatous construction, including all gametophytes, would likely have

low fossilization potential (Edwards and Davies, 1990). This may also account for the rarity of
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rhyniophytes in the flora. Furthermore, the plants living on Boothia Land were transported into

the ocean to be preserved within the turbidites that make up the Bathurst Island and Stuart Bay
beds. Those plants living farther from rivers, or inland, would probably be more rarely preserved
than those living along the margin of the land mass.

Thirdly, some of the plant taxa are more easily identified than others. For example, the

abundance of spiny taxa such as Psilophytites, Drepanophycus and Bathurstia may be enhanced

over taxa with slender, naked axes, because even small, fragmentary vegetative specimens can

be identified based on axis width and spine morphology.

Despite these factors a trend in the distribution of Zosterophyllum newspecies c can be

discerned. Zosterophyllum newspecies c is concentrated in the fossil-rich beds of the Cheyne
River region, in particular at localities US628, US633, US636, US664, US665, and US670, which

lay roughly along strike and appear to represent the same set of beds within the lower Stuart Bay
beds (Text-Fig. 4.8). Outside the Cheyne River area, Z. newspecies c occurs very rarely at three

localities in the Polar Bear Pass region: US608, US617, and US618 (Text-Fig. 4.8). These three

localities represent a single series of beds 3 m thick that are relatively productive and also

appear to be from the lower Stuart Bay beds, according to the preliminary stratigraphy of de

Freitas et al. (1993). There is a distinct possibility that the limited occurrence of Z. newspecies c

may be stratigraphically significant. If this is so, the productive beds in which this taxon is found

may be correlated between the Cheyne River and Polar Bear Pass regions.

4.2.2 Comparison of the Bathurst Island Pragian flora to other Early Devonian floras

The comparison of the compositions of any two floras brings with it an array of problems.
In a recent assessment, Kenrick and Crane (1997a) identified poor sampling as the greatest

problem for phytogeographic studies of the Early Devonian. As mentioned in the Introduction,

most data on Early Devonian floras come from the Old Red Sandstone Continent (Northern

Europe and Eastern North America). Most of the rest of the world is yet poorly known. Other

difficulties can be summarized in four categories: problems conceming taphonomy; problems in

sampling; problems in taxonomy; and problems in grouping floras by age or by region (Table ).

Raymond et al. (1985b), Edwards (1990), Wnuk (1996) and Kenrick and Crane (1997a) discuss

these biases in detail. It is impossible to eliminate all of these problems when preparing a

paleophytogeographic interpretation, and so results are always debatable.

One of the first comprehensive and systematic studies of Early Devonian

phytogeography was carried out by Raymond et al. (1985a), who grouped floras by genus,

eliminating those genera that were found only at a single site. They recognized three floral

realms: Equatorial Middle Latitude; Kazakhstan-Gondwana; and Australia. The Equatorial
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A. Cheyne River Region
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B. Polar Bear Pass Region

lKM

Text-Figure 4.8. Maps showing the distribution of Zosterophyllum newspecies c in the Cheyne
River and Polar Bear Pass regions.
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Table 4.3. Paleophytogeographical problems

Preservation

• preservation potential of some taxa are low whereas others are readily preserved.
• plants growing closer to places where they can be preserved will more likely be

preserved.
• sorting during transportation will favor preservation of some taxa over others.

• post-depositional processes such as metamorphism or cementation can prevent
recognition of certain taxa or give the impression of more taxa than there are.

• the lithofacies in which the plants are preserved may preferentially preserve of some

taxa over others.

Sampling
• different researchers may collect different taxa.

• less sampling gives the impression of less diversity.

Taxonomy
• different preservation types can lead to separate names for the same taxon.

• regional differences in taxonomy and in the quality of description and illustration can

lead to confusion.

• organ taxa can imply more diversity than is present.
• form taxa and polyphyletic taxa cluster plants that have separate origins and are not

phytogeographically related.

Grouping
• Poor stratigraphiC accuracy (ie. designation of a flora as "Early Devonian" leads to

comparison of non-contemporaneous floras and diminishes resolution of

paleobiogeography.
• grouping unrelated floras within a certain region gives the impression of greater diversity,

blurs zonations.

69



Middle Latitude had three subunits: the Siberian-Northern Laurussian; the Southern Laurussian;

and the Chinese subunit. The Bathurst Island Fossil Flora, as was known then, belonged to the

Equatorial Middle Latitude Realm, but did not cluster well with other floras of this realm into any

of the three subunits.

Raymond (1987) performed the same paleophytogeographic analysis using character

traits instead of genera in an attempt to eliminate generic taxonomic problems. The same three

floral realms were identified; however, the Equatorial unit was separated into only two subunits, a

Siberian-Northern Laurussian subunit and a Southern Laurussian subunit (Text-Fig. 4.9). The

Bathurst Island Flora fit within the former subunit. The integrity of this subunit is strengthened by
a similar grouping for Pragian invertebrates (Raymond, 1987). The Siberian-North Laurussian

subunit was characterized by taxa having sporangia on one side of the spike and clustered into

spikes. Raymond (1987) hypothesized that this clustering of sporangia could have been an

adaptation to dry or dry and cool conditions. These climatic conditions are not supported by
recent paleoclimatic models (Golonka et a/., 1994), and seem unlikely in view of the wide range

of latitudes that this realm encompasses. The shared characteristics within this subunit may be

better explained by phylogenetic relationship. Kenrick and Crane (1997a) point out that using
traits for a phytogeographic reconstruction also can be misleading, as no single trait is

associated with a single phytogeographic region.
Edwards' (1990) examination of Late Silurian and earliest Devonian phytogeography did

not clearly define methodology, but her results for the Gedinnian (approximately equal to the

Lochkovian) (Text-Fig. 4.10) are comparable to Raymond's (1987) results for the Pragian.
Edwards distinguishes a Siberian Realm, Laurussian Realm, Kazakhstanian Realm and an

Australian Realm (it is notable that no Lochkovian sites are described from Northwest Laurussia).
The new information presented here on the composition of the Bathurst Island fossil

floras would logically be expected to dramatically improve our understanding of its

phytogeographic placement; however, this is not the case. If the genera of the Pragian Bathurst

Island flora are compared to contemporaneous floras, few conclusions can be drawn.

Cooksonia, Zosterophyllum (subgenus Platyzosterophyllum), Zosterophyllum (subgenus

Zosterophyllum), Drepanophycus and PSilophytites are nearly cosmopolitan in the Pragian and

Early Emsian. Newgenus E newspecies, Newgenus D newspecies, and Bathurstia are known

only from Bathurst Island. Distichophytum is the only genus with a limited range that is not

restricted to Bathurst Island. It is known from Pragian rocks of Wyoming and Germany.

Wyoming is included within the Siberian-North Laurussian subunit, whereas Germany belongs to

the Southem Laurussian subunit.

The poor resolution is largely due to two taxonomic problems. Firstly, affiliation with the

Siberian flora can not be detected due to regional differences in naming and describing fossil

plants between the former USSR and the Western world. Secondly, the use of paraphyletic and
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Text-Figure 4.10 Paleophytogeographic map of the Lochkovian showing known fossil

localities grouped into four floral subunits defined by Edwards (1990) .•
= equatorial, _ = Siberian, • = Australian, X = Kazakhstanian. Base

map redrawn from Scotese and McKerrow (1990). Locality placement
from Wnuk (1996).
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form taxa cluster plants that are not necessarily closely related; for example, Psitophytites is a

form genus that can include a number of genera within the Zosterophyllophytina and

Trimerophytina. There are indications that Cooksonia is also a form genus (Niklas et at., 1985;

Kenrick and Crane, 1997a) and that Zosterophyllum (Kenrick and Crane, 1997a) and

Drepanophycus (Grierson and Hueber, 1967) are paraphyletic.
A complete character trait analysis between the Pragian flora of Bathurst Island and

those of the rest of the world is beyond the scope of this study, and, as implied by Kenrick and

Crane (1997a), may not be a worthwhile venture. Raymond (1987) lists the characteristic traits

of each of her phytogeographic units and subunits. The Bathurst Island flora, as it is now known,

possesses an even greater number of taxa with sporangia on one side of the spike and/or

clustered into a dense spike. It still fits best within the Siberian-North Laurussian subunit of the

Equatorial-Middle Latitude Realm as was concluded by Raymond (1987), yet also serves to

strengthen the definition of characteristic traits of this subunit.

Evidently, much more data and revisions of known floras are necessary to create a

better understanding of the phytogeography of not only the Pragian, but the Late Silurian and the

rest of the Early Devonian.
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5. LOCHKOVIAN PLANTS

Plant fossils from localities US689, US690, US386, and US388 belong to the lower to

middle part of the upper Bathurst Island beds in the Polar Bear Pass Region. Although these

beds could potentially be Pridoli to Pragian, they are most likely Lochkovian if relatively
continuous deposition is assumed (Text-Fig. 2.7). Fossil plants are rarely found in these beds;

only four fertile specimens are described.

5.1 Subdivision: Lycophytina
Class: Zosterophyllopsida
Order: Zosterophyllales

Family: Zosterophyllaceae
Genus: Newgenus F

Species: Newgenus F newspecies

Description:
US388-2422 is a single well-preserved fragment of a fertile axis measuring 12 cm long

(Fig. 76). The axis is 1.5-1.9 mm wide, broadening at points of sporangial insertion. Seven

sporangia are arranged altemately, or possibly helically, along the axis, occurring 0.8 to 1.4 cm

apart and becoming closer towards the apex. They are either sessile or borne on extremely

short, indistinct stalks at an acute angle to the main axis. The sporangia are fusiform but slightly
broader towards their bases and taper to an obtuse apex (Fig. 77, Text-Fig. 5.1), and measure

2.0-2.2 mm wide and 5.2-6.2 mm long with shorter sporangia found distally. A narrow, distal

dehiscence zone that divides the sporangium in half is visible on two sporangia.

Discussion:

This specimen resembles zosterophylls in bearing lateral sporangia. However, unlike

the majority of zosterophylls, the sporangia are distinctly longer than wide. The only

zosterophylls with consistently elongate sporangia borne diffusely along the axis are

Zosterophyllum sinense Li & Cai (1977) and Hicklingia cf. H. edwardii Kidston & Lang (Geng,

1992) from China.

Zosterophyllum sinense has sporangia that are 3.6-4.2 mm long and 3.2-3.7 mm wide

and borne on stalks about 3 mm long. Evidently, the sporangia are only marginally longer than

wide, and do not approximate the sessile attachment of US388-2422.

The sporangia of Hicklingia cf. H. edwardii appear obovate rather than fusiform. The
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Text-Figure 5.1. Reconstruction of Newgenus F newspeeies. Scale bar = 1 em.
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type specimen of this species, Hicklingia edwardii of Scotland has sporangia that appear longer

than wide due to the indistinct junction between the sporangium and subtending axis, but are

described by Edwards (1976) as circular in outline or wider than long. US388-2422 lacks its

apex; therefore, we do not know whether or not it was terminated by a sporangium as is

Hicklingia

The sporangial shape of this specimen is more similar to rhyniophytes such as Salopella

Edwards & Richardson or Rhynia Kidston & Lang, which have exclusively terminal sporangia.
No taxa with fusiform sporangia attached laterally to the main axis have been recorded. Thus,

this specimen requires the erection of a new genus within the Zosterophyllaceae.

Generic diagnosis:
Axis naked. Sporangia lateral, sessile or nearly so, fusiform, borne at oblique angle, with

a narrow distal dehiscence zone that divides the sporangium in half.

Specific diagnosis:
As for generic diagnosis. Axis 1.5-1.9 mm wide. Sporangia 0.8-1.4 cm apart, fusiform,

tapering to an obtuse apex, 5.2-6.2 mm long, 2.0-2.2 mm wide.

Holotype: US388-2422

Type locality: Upper member of Bathurst Island beds, Locality US388; Lochkovian; 75°49'27.8"N,

98°31 '46.2"W, Polar Bear Pass region, Bathurst Island, Canadian Arctic Archipelago.

5.2 Class:

Order:

Family:
Genus:

Species:

Zosterophyllopsida

Zosterophyllales

Zosterophyllaceae

Hicklingia Kidston & Lang

Hicklingia sp.

Description:

Specimen US388-2423 (Fig. 78) is an imperfectly preserved, fertile fragment. This

fragment is incomplete basally, measures 2.6 cm long and bears three sporangia. The main axis

is 0.9 mm wide at its base and widens gradually along its length to 1.2 mm immediately below

the terminal sporangium. This axis branches twice to form two lateral stalks. The proximal stalk

is 2 mm long and widens from 0.8 mm at its base to 1.0 mm below the terminal sporangium.
The distal stalk is 4 mm long and widens from 0.6 mm to 0.8 mm distally. The sporangia
measure 1.5-2.5 mm wide and 2.7-3.0 mm long. A dehiscence mechanism is not apparent.
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Discussion:

The presence of sporangia bome terminally on short lateral stalks is consistent with

descriptions of reproductive characters of Hicklingia. Zosterophyllum can have a similar

appearance, with stalked sporangia bome laterally on a naked axis, but the main axis of a

Zosterophyllum plant has not convincingly been shown to terminate in a sporangium. Hicklingia
was first described by Kidston and Lang (1923) from the Middle Devonian of Scotland. The type

species, Hicklingia edwardii, was re-examined by Edwards (1976) and details of its fertile

portions were elucidated. Unfortunately, the diagnosis for this taxon was not emended with this

re-examination. Edwards (1976) describes the sporangia as wider than long or circular in outline;

however, in the absence of information about where the sporangium ends and the stalk begins,
one would assume that the sporangia are longer than wide due to the flared junction between the

stalk and sporangium. Hicklingia cf. H. edwardii, reported from the Siegenian (- Pragian) beds

of Sichuan China (Geng, 1992), branches very differently from the Scottish specimen and bears

obovate sporangia that are Significantly longer than wide. A second species, H. erecta was

described by Krausel and Weyland (1929) but is very fragmentary and lends no information to

assist in understanding this genus (see Edwards, 1976).
Because the specimen is solitary, fragmentary, and only moderately preserved, and

Hicklingia is a relatively poorly understood genus, specific designation is imprudent.

5.3 Class:

Order:

Family:
Genus:

Species:

Zosterophyllopsida

Zosterophyllales

Zosterophyllaceae
cf. Distichophytum Magdefrau
cf. Distichophytum sp.

Description:
One very poorly preserved specimen, US690-8164, consists of two parallel plant

fragments bearing dense, terminal spikes (Fig. 79). The axes subtending the spikes appear to

be naked and slender, measuring about 1.2 mm wide. The spikes are each composed of two

rows of sporangia located on one side of the axis, and measure 11-14 mm long and 2.3-2.4 mm

wide. Sporangia are rounded and 1.8-2.0 mm in diameter. No dehiscence mechanism is seen.

Discussion:

This specimen appears to be very similar to Distichophytum in its arrangement of

sporangia into two rows to form dense terminal spikes at the ends of apparently naked axes.
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The dimensions of the axis, spike and sporangia fall within the range of the Distichophytum

ovatum specimens from Bathurst Island, but are generally smaller than D. ovatum from

Wyoming and D. mucronatum from Germany. Poor preservation does not allow specific

designation.

5.4 Class: Zosterophyllopsida
Order: Zosterophyllales

Family: Zosterophyllaceae
Genus: cf. Bathurstia Hueber

Species: cf. Bathurstia sp.

Description:
Part and counterpart of US389-2428 show a dense spike and a portion of its subtending

axis (Fig. 80). The axis is 5 mm wide but details of its surface are not visible. The spike is about

4 cm long, 7.8 mm wide in the middle, gently curved distally, and is incomplete at its apex. The

spike is composed of two dense rows of sporangia located on opposite sides of the stem. The

width of each sporangium appears to be 1.2-1.4 mm but may be obscured by the overlapping of

the sporangia. The length of the sporangia is 2.8-3.8 mm. The attachment point of sporangia to

the axis was not seen.

Discussion:

The dimensions and arrangement of the spike, the dimensions of the sporangia, and

width of the axis fall within the range of those described for Bathurstia denticu/ata. The distal

bending of the spike may indicate that it has circinate vernation which is also consistent with

Bathurstia denticu/ata. However, no enations are seen along the axis and the sporangial shape

is only vaguely understood. The possibility that this specimen belongs to Protobarinophyton
cannot be ruled out due to its relatively poor preservation.
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6. LATE LUDLOW OR PRIDOLI PLANTS

Late Silurian plant macrofossils have been reported from a number of sites around the

world. The oldest are the Cooksonia fossils from the Wenlock sediments of Tipperary, Ireland

(Text-Fig. 1.1 )(Edwards and Feehan, 1980; Edwards et ai, 1983; Rogerson et aI., 1993). Ludlow

deposits of Wales (Edwards, 1970; Edwards and Rogerson, 1979), northem Greenland (Larsen
et al., 1987) and Bolivia (Morel et al., 1995), and Pridoli deposits of Wales (Lang, 1937;

Edwards, 1970; 1979; Edwards and Rogerson, 1979), England (Lang, 1937) Czechoslovakia

(Obrhel, 1962; 1968), New York State (Banks, 1973), Ukraine (Ishchenko, 1969; 1975), and

Spitzbergen (Hl2leg, 1942) have revealed similar rhyniophytoids (Text-Fig. 6.1).

Indeed, most of the probable land plants from the Silurian belong to genera with

extremely simple morphology such as Cooksonia and Salopel/a. However, records of more

complex Late Silurian plants have been presented. Plants collected from Pridoli sediments of

Xinjiang, China (Cai et et., 1993) and Kazakhstan (Senkevitch, 1978) revealed Junggaria Dou

(=Cooksonel/a? Senkevich): a plant bearing similarities to both the rhyniophytes and

zosterophylls. Boureau et al. (1978) and Klitzsch et al. (1973) reported lycophytes such as

Protolepidodendron and Archaeosigillaria from Libyan deposits considered to be Silurian. The

purported age of these fossils is generally considered equivocal (Edwards, 1990). From

Wenlock rocks of China, Pinnatiramosus Geng (1986), a genus exhibiting pinnate highly
branched axes and appearing non-vascular but possessing pitted tracheids, has been described.

The most convincing and extraordinary evidence for complex Silurian plants was reported from

upper Ludlow deposits of Victoria, Australia (Lang and Cookson, 1930, 1935; Cookson, 1935;

1945; Garratt et al., 1984; Tims and Chambers, 1984), and includes not only rhyniophytoids such

as Salopel/a australis Tims & Chambers and Hedeia sp., but also one to three types of

zosterophylls, the Iycophyte Baragwanathia longifolia Lang & Cookson, and at least one other

Iycophyte (Tims and Chambers, 1984). This assemblage is generally considered problematic
when trying to characterize the world's Late Silurian flora (Gensel and Andrews, 1984; Edwards,

1990).

6.1 Composition of the Bathurst Island Silurian flora

Most of the Silurian plant remains collected are short fragments of isotomously branched

or unbranched naked axes. These axes measure 1.2 mm wide on average and fit within the

form genus Hostinel/a Barrande ex Stur. Approximately 10 fertile specimens from Silurian beds

were discovered (Figs. 81-92).
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6.1.1 Subdivision: Lycophytina
Class: Zosterophyllopsida
Order: Zosterophyllales

Family: Zosterophyllaceae
Genus: cf. Hicklingia Kidston & Lang

Species: ct. Hicklingia sp.

Descri ption:

Specimen US385-2398, including both part and counterpart, is 8.1 cm long and

incomplete at its base (Figs. 81-83). The axes are naked and range from 0.7 to 1.3 mm wide.

Branching is isotomous at an acute angle (between 32 and 40°) (Fig. 81). Four sporangia are

visible at the end of one branch and about another four are visible at the end of the other.

Sporangial stalks were not seen, but from their placement sporangia probably diverged in more

than one plane. Sporangia are terminal and longer than wide (Text-Fig. 6.2; Figs. 82, 83). They
are 1.3-2.0 mm long, 1.1-1.3 mm wide, and exhibit a distal dehiscence zone.

Discussion:

Uncertainty concerning the arrangement of sporangia in this specimen makes it difficult

to assess taxonomically. The sporangia are confined to the terminal portion of the axis but

appear to be at more than one level within that short region. This indicates that at least some

sporangia were borne on subordinate branches or stalks, making this plant a zosterophyll. The

specialized transverse dehiscence zone is further evidence for zosterophyll affinity. However,

most zosterophylls reported are larger and bear sporangia over a longer region of the axis than

this specimen. The most comparable genus is Hicklingia (see section 5.2). This genus bears

sporangia that appear longer than wide both laterally on short, obliquely inserted stalks, and

terminally on the main axis. There is no good evidence for or against this sporangial

arrangement on specimen US385-2398. It is possible that this specimen represents a new

species of Hicklingia, but it could also belong to a new genus. This specimen is provisionally
named cf. Hicklingia sp. until details of sporangial arrangement are determined.

6.1.2 Class:

Order:

Family:

Zosterophyllopsida

Zosterophyllales

Zosterophyllaceae
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TeJ(\-Figure 6.2. Reconstruction of ct. Hicklingia sp. scale bar � 1 mm
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Genus:

Species:

Newgenus G

Newgenus G newspecies

Description:

Specimen US383-2385 consists of a moderately well-preserved axis that is incomplete

proximally and distally, and bears four sporangia laterally (Fig. 84). The main axis is naked and

measures approximately 2 mm wide but narrows just above the insertion of the sporangial stalk

and gradually widens towards the next distal stalk insertion paint. The sporangia are borne

singly and terminally at the ends of short stalks. Sporangial stalks measure 1.4 mm wide, 3.0-

4.3 mm long, and are arranged either alternately in one plane or helically on the main axis. The

distance between successive stalks diminishes towards the apex with an average distance of 1.1

cm. The sporangia are discoid, slightly wider than long, measuring 4.0-5.5 mm long, 5.5 mm

wide, and about 3 mm thick (Text-Fig. 6.3). A distal dehiscence zone divides the sporangium
into two equal halves. No spores were isolated.

Discussion:

This taxon appears transitional between the rhyniophytes and zosterophylls. Like the

zosterophylls, the sporangia are bome laterally on reduced branches. However, these branches

are not as subordinate to the main axis as is typical of the stalks of other zosterophylls. For

example, the axis of a typical Zosterophyllum species is much wider than that of the stalk. The

width of the stalks on this specimen is nearly equal to the main axis. In this respect, this taxon is

comparable to Renalia Gensel (1976). Renalia is considered to be transitional between

rhyniophytes and zosterophylls because it bears large, reniform sporangia terminally on lateral

isotomously branching axes. The stalks of US383-2385 are not branched. This specimen does

not belong within any of the known rhyniophyte or zosterophyll taxa.

Generic diagnosis:
Axis naked, branching unequally to form relatively wide, unbranched lateral stalks.

Sporangia terminal on stalks, discoid, bearing a distal dehiscence zone.

Specific diagnosis:
As for generic diagnosis. Axis approximately 2 mm wide. Stalks approximately 1.4 mm

wide, 3.0-4.3 mm long, approximately 1.1 cm apart. Sporangia 4.0-5.5 mm long, about 5.5 mm

wide and about 3 mm thick.

Holotype: US383-2385
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Text-Figure 6.3. Reconstruction of Newgenus G newspecies. Scale bar = approximately 1 cm.
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Type Locality: Lower member of Bathurst Island beds, Locality US383; Late Ludlow-Pridoli;

75°50'22.3", 98°37'00.2"W; about 1 00 m stratigraphically beneath lowest large olistostrome

along stream bank, Polar Bear Pass Region, Bathurst Island, Canadian Arctic Archipelago.

6.1.3 Rhyniophytoid
Gen. et sp. indet. 4

Description:

Specimen US600-6774 is an incompletely preserved plant fragment measuring 8 mm

long (Fig. 85). The axes are naked and appear to have originated from an isotomy measuring
50° although the branching point is not preserved. Sporangia are terminal, globose and 3.0-3.2

mm in diameter. The junction between the axis and sporangium is not clear. Remnants of a thin

dehiscence zone are visible on one sporangium.

Discussion:

The naked isotomous axis and terminal sporangia of this specimen indicate that it is a

rhyniophytoid. If one assumes that the proximal portions of this plant exhibited exclusively
isotomous branching, then it would belong to the genus Cooksonia. Cooksonia was previously

discussed in sections 4.1.1 and 4.1.2. Nearly all of the known species of Cooksonia, however,

bear sporangia much smaller than this specimen. Cooksonia crassiparietilis is the only species

with sporangia of similar size; however, the sporangia of C. crassiparietilis are ribbed, with a

specialized dehiscence mechanism. This sporangial morphology is not clear on US600-6774.

This fragment may also represent the terminal end of a plant that did not have

exclusively isotomous branching, such as Hsua robusta (Li & Cai) Li. Hsua robusta has

anisotomous branching in its proximal regions and isotomous branching distally, and the

sporangia are round to reniform and large, measuring 0.8-4.2 mm long and 1.0-10.0 mm wide

(Li, 1992).
It is likely that this specimen is the terminal portion of a Cooksonia-like rhyniophytoid, but

in the absence of proximal portions, a generic assignment is not possible.

6.1.4 Subdivision:

Class:

Order:

Family:

Lycophytina

Zosterophyllopsida

Zosterophyllales

Zosterophyllaceae
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Genus:

Species:

cf. Bathurstia Hueber

cf. Bathurstia sp.

Description:

Specimens US600-6791 and US600-6788 are poorly preserved biseriate spikes up to 45

mm long and 1.0-1.1 cm wide (Fig. 86). The width of the axis is 5 mm. Sporangia are densely
borne in two rows on opposite sides of the axis. Sporangial stalks were not seen but were

probably very short or absent. The sporangia appear elongate in the direction perpendicular to

the axis. On US600-6791 the sporangia are 1.7-2.2 mm (average 1.9 mm) wide and the length
varies from 3.5-4.5 mm near the base of the spike to 2.8-3.0 mm near the apex (Fig. 86).

US384-8138 has a similar arrangement of sporangia into a dense spike; however, the

sporangia are considerably smaller than the other two specimens, with an average width of 1.1

mm and length of 2.5 mm (Fig. 87). A narrow dehiscence zone is visible on some sporangia on

this specimen.

Discussion:

The arrangement of sporangia that are longer than wide and borne perpendicular to the

axis into a dense spike is known in Bathurstia , Newgenus E, Protobarinophyton and

Barinophyton. The Silurian specimens described above have a more compact arrangement of

sporangia than is known from Barinophyton, and except for US384-8138, are generally larger

than Newgenus E newspecies. No evidence for long recurved stalks typical of Barinophyton or

Protobarinophyton are noted, but the poor preservation prevents conclusion that they did not

exist. Affinity to any of these four genera can not be completely ruled out; however, it is most

likely that all three specimens belong to the genus Bathurstia.

6.1.5 Class: Zosterophyllopsida
Order: Zosterophyllales

Family: Zosterophyllaceae
Genus: Zosterophyllum Penhallow

Subgenus: Zosterophyllum Hueber

Species: Zosterophyllum sp.

Description:

Specimen US384-8137 is a fragment of a sporangial cluster measuring 2.5 cm long (Fig.

88). The axis is visible at the base, where it measures 1.0 mm wide. The distal terminus of the

main axis appears as a number of thin, short stalks where the sporangia have presumably
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become detached. The basal part of the stalk diverges from the main axis, while the distal part

of the stalk is nearly parallel to the axis. The sporangial stalks measure 1.0-3.0 mm (average

1.6 mm) long and 0.3-0.5 mm wide, flaring gently at the junction with the sporangium. The

sporangia are reniform with moderately developed basal lobes and are arranged either helically
or randomly. The sporangia are 1.1-1.7 mm (average 1.3 mm) long and 1.9 - 2.1 mm (average
2.0 mm) wide. Sporangium thickness is unknown. Distal dehiscence zones are visible on some

sporangia.

Discussion:

This specimen's lateral, helically arranged sporangia on a naked axis indicate that it is

likely a member of the subgenus Zosterophyllum within the genus Zosterophyllum. It is

immediately distinguishable from most members of this subgenus except for Z. bifurcatum, Z.

yunnanicum, Z. deciduum, Z. rhenanum, and Z. newspecies c in its possession of distinctly

reniform, rather than elliptical or fan-shaped sporangia. Zosterophyllum bifurcatum, although it

has sporangia of similar shape, differs in bearing its sporangia on extremely short stalks from a

relatively wide axis.

Zosterophyllum yunnanicum differs from specimen US384-8137 in that the junction

between the stalk and sporangium is indistinct. Furthermore, the sporangia of Z. yunnanicum

are circular, elliptical, or reniform with very poorly developed lobes. Specimen US384-8137 has

reniform sporangia with moderately well developed lobes.

It is also similar to Zosterophyllum rhenanum except for its much smaller dimensions,

less dense or orderly arrangement of sporangia into four rows, and thinner dehiscence zone.

This specimen bears smaller sporangia than most species within the subgenus

Zosterophyllum except for Z. deciduum. Zosterophyllum deciduum, like this specimen, also

exhibits deciduous sporangia; however, the sporangia are commonly elliptical rather than

reniform, the stalks tend to be shorter, and are less densely clustered than the Bathurst

specimen.

Except for its small size and smaller sporangial width to height ratio, the shape and

arrangement of the sporangia and stalks is similar to Zosterophyllum newspecies c from the

Pragian flora of Bathurst Island. Notably, both species apparently have deciduous sporangia.
This specimen may represent a diminuitive form of Z. newspecies c, may be related to

Z. deciduum, or may represent a new species. Considering that information on this taxon is

based on a single, incomplete specimen, it is best referred to as Zosterophyllum sp.

6.1.6 Class:

Order:

Zosterophyllopsida

Zosterophyllales
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Family:

Genus:

Subgenus:

Species:

Zosterophyllaceae

Zosterophyllum Penhallow

Platyzosterophyllum Croft & Lang

Zosterophyllum cf. Z. newspecies b

Description:
US688-81S2 is a single, weathered fragment of a fertile zosterophyll measuring 3.8 cm

long (Fig. 89). The axis is naked, 2.1 mm wide, and isotomizes commonly. Sporangia occur

along the entire length of the branching axis in two rows displaced towards one side of the axis;

however, the presence of three or more rows, or a helical arrangement of sporangia, cannot be

ruled out. The distance between successive sporangia diminishes distally. Each sporangium is

borne on an obliquely inserted stalk about 0.4 mm long and 0.9-1.0 mm wide. The sporangia are

discoid, measuring 1.2-1.6 mm long and 1.8-2.2 mm wide and were probably thin. No spores

were recovered.

Discussion:

This specimen distinguishes itself from most of the zosterophylls by the shortness of its

obliquely inserted stalks. Three other taxa within the Zosterophyllophytina have similar stalks:

Zosterophyllum newspecies b, Demersatheca Li & Edwards and Distichophytum.

Zosterophyllum newspecies b, described in section 4.1.S, has nearly sessile, discoid to

elliptical sporangia 1.0-2.0 mm long and 1.6-2.2 mm wide. These dimensions are similar to

those of US688-81S2. However, the Z. newspecies b specimens from the Pragian flora have not

been shown to branch as commonly as this specimen.
The shape of the sporangia and length of their stalks is also similar to Demersatheca

contigua (Li & Cai) Li & Edwards from Yunnan, China (Li and Edwards, 1996). Demersatheca,

however, has sporangia sunken into the surface of the stem that are regularly and closely

arranged on the axis.

Distichophytum, the third zosterophyll taxon to bear sporangia on very short stalks, has

sporangia arranged into an unbranched spike and directed towards one side of the axis. The

sporangia of US688-81S2, in contrast, are diffuse along the axis, appear flatter, and the fertile

region branches commonly.
If the sporangia are indeed arranged in two rows displaced towards one side of the axis,

then this specimen may be attributable to the taxon Zosterophyllum newspecies b. However,

considering the uncertainty of the arrangement of the sporangia, this specimen is called

Zosterophyllum cf Z. newspecies b.
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6.1.7 Class: Zosterophyllopsida

Order: Zosterophyllales

Family: Zosterophyllaceae
Genus: Distichophytum Magdefrau

Species: Distichophytum sp.

Description:
Two fragmentary specimens (US600-8144 and US600-8140) bear sporangia in dense

two-rowed spikes. The axis (known only from US600-8144) measures 1.1-1.2 mm wide near the

junction with the spike, and is poorly preserved proximally (Fig. 90). Spikes are 8.2-10.0 mm

long and 2.2-3.8 mm wide and consist of two dense rows of sporangia oriented to one side of the

stem (Figs. 91,92). Each complete spike on specimen US600-8144 is composed of 10-14

sporangia (5-7 per row) (Fig. 91). The sporangial stalks are not visible because of the dorsi

ventral orientation of the spikes. Sporangia are circular in face view, measuring 1.4-2.1 mm

(average 1.9 mm) long and 1.2-1.9 mm (average 1.6 mm) wide.

Discussion:

The arrangement of round sporangia into a two-rowed dense spike oriented towards one

side of the axis indicates that these fossils belong to the genus Distichophytum (see section

4.1.7). Although these specimens are significantly smaller than the type specimens of

Distichophytum ovatum from Wyoming (sporangia 2.5-3 mm in diameter in face view (Hueber,

1972b», for every measurement, they fall within the size range of the D. ovatum specimens from

the Pragian flora of Bathurst Island. In comparison to the Distichophytum mucronatum

specimens from Germany, the sporangia of the Bathurst specimens are only slightly smaller.

Because neither the spikes of specimen US600-8140 nor US600-8144 are laterally compressed,
it is not possible to determine whether the sporangia were ovate or mucronate. Thus, this

species is called Distichophytum sp.

6.2 Consideration of the age of the Silurian flora

To illustrate the relative morphological complexity of the Bathurst Island Silurian flora,

Gerrienne and Streel's (1994) method of using plant characters of early land plants as

biostratigraphic indicators can be employed. This biostratigraphic analysis is calibrated using
data from plant fossil sites in eastern North America and western Europe. The lower the

biostratigraphic coefficient, the older the flora. Using this method, the Silurian flora of Bathurst

Island takes a biostratigraphic coefficient of 30.5, the Lochkovian assemblage has a coefficient
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of 34.5 and the Pragian flora has a coefficient of 35.8 (see Appendix B for details). Although the

biostratigraphic coefficient increases with each younger flora from Bathurst Island, the

coefficients do not span the range expected. The three floras of Bathurst Island all bear greatest

similarity to the European Lochkovian and early Pragian floras according to the reference scale

of Gerrienne and Streel (1994) (see Appendix B).
This resemblance to Early Devonian floras, when combined with the similarity of up to

five of the seven species found in this flora to the Bathurst Island Pragian Flora raises suspicion

over the dating of these fossils. The span of time between the Silurian and Pragian floras is

between 6 and 23 million years (using the ages of Tucker and McKerrow, 1995). Is it possible
that these taxa persisted on Bathurst Island for this amount of time relatively unchanged?

Although it is possible that the invertebrate index fossils used to date the beds may have

been identified incorrectly or may have stratigraphic ranges that are wider than previously

reported, and that the age of the beds is closer to the Pragian, it is unlikely that all five index

fossils were misidentified or have wider ranges, especially because they all indicate the same

short period of time (Late Ludlow or early Pridoli) and within the stratigraphic sequence they are

in contextual relationship with other index taxa (de Freitas et al., 1993; T. de Freitas pers.

comm.).

Furthermore, the average duration of a rhyniophyte genus is 14.1 million years (5.8
million years if the possible form genera Cooksonia and Taeniocrada are excluded), and 11.8

million years for a zosterophyll genus (Niklas et al., 1985). This is within the 6 to 23 million years

that elapsed between the Silurian and Pragian floras. Moreover, despite the similarity of the

majority of the Silurian taxa to Pragian taxa found on Bathurst Island, there are also notable

differences. Two taxa of the Silurian flora are not known from the Pragian flora of Bathurst

Island, nor from any other flora, and appear transitional between the rhyniophytes and

zosterophylls. Also, the most common plants of the Pragian flora, such as Psilophytites and

Drepanophycus, are not represented in the Silurian flora.

It is my conclusion that this small collection of rhyniophytoids and zosterophylls is truly
Late Ludlow or Pridoli in age. This flora and the Australian Ludlow flora illustrate that, in at least

some parts of the world, the grade of evolution of early land plants was advanced over those

represented in the macrofossil floras of Europe and eastern North America. This evidence for a

precocious diversification and increase in complexity of early land floras is in agreement with

evidence from the microfossil record, which points to an Ordovician origin of land plants and

their early diversification in the Silurian.
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7. CONCLUSIONS

New collections of plant fossils were retrieved from Bathurst Island, Canadian Arctic

Archipelago. These impression and compression fossils are found among the calcareous, fine

grained sandstones that make up the Bathurst Island and Stuart Bay beds. The majority of

specimens in the collection are Pragian, with few Lochkovian and Late Silurian specimens

represented.

Sixteen taxa are described from the Pragian flora of Bathurst Island. The majority of

these are zosterophylls, but rhyniophytoids, pre-lycopsids and trimerophytes are also

represented. Nine zosterophyll or probable zosterophyll taxa are described. Among these are

four species of Zosterophyllum, three of which are described as new species. Of note are the

attached rooting structures of Zosterophyllum newspecies a which represent the oldest basal

tufted roots in the fossil record. Another four of the zosterophyll taxa, Distichophytum ovatum,

Newgenus 0 newspecies, Newgenus E newspecies, and Bathurstia denticuJata, bear their

sporangia in dense, two rowed spikes. Fossil materials of B. denticuJata allow the reconstruction

of the form of the entire plant, and provide developmental insight into the formation of sporangia
within the circinate coil, as well as the adventitious production of roots and subordinate shoots.

Psilophytites sp., although infertile, bears vegetative characteristics in common with the

zosterophylls and appears to be allied with Margophyton or Dehuebarthia.

Two lycopsids, Drepanophycus spinaeformis and D. gaspianus, are described. The

fertile material of D. spinaeformis contributes to the growing body of evidence for the cauline

attachment of sporangia without association with the leaves.

The remaining taxa in the Pragian flora of Bathurst Island include two rhyniophytoids

(Cooksonia cf. C. hemisphaerica and Cooksonia sp.), one trimerophyte taxon, and two unusual

taxa of unknown affinity.

Floral compositions of fossil localities on Bathurst Island are compared to determine

distributional trends. Zosterophyllum newspecies c. almost exclusively found in the most prolific
beds of the Cheyne River region, is the only taxon with a perceptible limited distribution. It is

possible that this latter taxon is stratigraphically limited and could be used as a biostratigraphic
index fossil on Bathurst Island.

The Pragian Bathurst Island flora was also compared to contemporaneous floras of the

world. Generic comparison was fruitless; however, character correlation indicates that this flora

bears ties with the North Laurussian-Siberian subunit of the Equatorial Realm. The Bathurst

Island flora, with its numerous taxa with bilaterally arranged sporangia clustered into dense

spikes, also strengthens the characterization of this subunit.
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Four Lochkovian taxa were described. Two of these, cf. Distichophytum sp. and cf.

Bathurstia sp. show ties to the Pragian, and possibly the Late Silurian floras. The other two taxa,

Newgenus F newspecies and Hicklingia sp. are unique to these beds.

Seven taxa were described from the Late Silurian rocks. Except for one rhyniophytoid,
all are zosterophylls, a number of which bear close similarities to Pragian taxa from the island.

This flora is advanced in comparison to nearly all other Late Silurian floras of the world, except

for the Australian Baragwanathia flora. The morphology of its constituent taxa is more similar to

that known from Lochkovian and Pragian plants. This flora, like the Australian Ludlow flora,

supports the microfossil evidence for significant diversification of land plants through the

Silurian.
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9. FIGURES

Figures 1-2. Cooksonia cf. C. hemisphaerica.

Figure 1 Isotomously branched axis bearing terminal sporangia. US665-8076. X2. Scale bar
= 1 cm.

Figure 2. Counterpart of specimen in Fig. 1 showing junction between sporangium and axis
Note sporangium-appearing bodies to left. US665-8096. X6. Scale bar = 0.5 ern.

Figure 3. Cooksonia sp. Conducting strand visible as thin black stripe in the center of the
branch terminated by a sporangium. US616-7511. X4. Scale bar = 0.5 cm.

Figure 4. Zosterophyllum newspecies a. Paratype. Largest specimen of this species found,
showing basal root tuft. Numerous sporangial spikes visible distally. US667-6374
XO.5. Scale bar = 1 cm.
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Figures 5-9. Zosterophyllum newspecies a. All scale bars = 1 ern.

Figure 5. Paratype Fertile tuft of axes. Some downward directed axes appear to be stems. but
others may be roots. US609-6376. XO.8.

Figure 6 Holotype Fertile tuft of axes but with chaotic mass of axes in basal region US636-
8173. XO.8.

Figure 7 Tufted fertile axes. Basal region not preserved. US398-2630. X1.

Figure 8. Isotomous axis showing sporangia preserved in lateral view. US677-8053. X1.

Figure 9. Sporangial stalks of this specimen are less extremely reflexed than most specimens
resulting in the absence of sporangial overlap. Arrow indicates circinate vegetative
axis. Trns was the only evidence for circinate vernation of all specimens observed.
US476-6390 X1.
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Figures 10-13. Zosterophyllum newspecies a

Figure 10 Two sporangial spikes, showing oblique orientation of sporangia. Reflexed stalk
visible on the lowermost part of the left spike. US664-638S. X2.S. Scale bar = 1
cm

Figure 11. Sporangiate spike showing reflexed stalks (arrows) and central conducting strand (s)
in main axis. US702-8318. X4. Scale bar = O.S cm.

Figure 12. Back view of overlapped sporangia showing elliptical shape and oblique orientation.
Axis would normally layover the sporangia in this view but is not preserved on this

specimen. US66S-8327 XS. Scale bar = O.S cm.

Figure 13. Distal dehiscence zones are preserved on this specimen. Each dehiscence zone is

composed of two parallel rims on either side of a suture. US606-6861. XS. Scale
bar = O.S cm.
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Figures 14-16. Zosterophyllum newspecies b

Figure 14. Holotype. Most complete specimen of Z. newspecies b indicating probable tufted
habit. US605-8251 X2. Scale bar = 1 cm.

Figure 15 Paratype Sporangial spike showing round sporangia in two rows on one side of the
axis. US381-2317. X2. Scale bar = 1 cm.

Figure 16. Close-up of fertile region showing folded sporangia borne on obliquely inserted short
stalks alternating with sporangia not folded. US617-7555. X4. Scale bar = 0.5 cm.

Figures 17-18. Zosterophyllum sp.

Figure 17. Central prominances are visible as small depressions in the center of each

sporangium on this impression fossil. This dense spike is hypothesized to have been

composed of six rows of sporangia. US649-7923. X4. Scale bar = 0.5 cm.

Figure 18. Spike with approximately eight rows of sporangia. US614-7444. X4. Scale bar = 0.5
cm.
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Figures 19-24. Zosterophyllum newspecies c

Figure 19 Holotype. Largest, most complete specimen of Z. newspecies c. Note that the left

spike (arrow) bears small and presumably immature sporangia, whereas the others
bear large ones. US66S-6386. X1. Scale bar = 1 cm.

Figure 20. Paratype. Fertile region distal on anisotomously branching axis. US628-830S. X1.
Scale bar = 1 cm.

Figure 21. Paratype. Fertile spike showing large, distinctly reniform sporangia attached to

narrow, obliquely-inserted stalks. US66S-7998. X2. Scale bar = 1 cm.

Figure 22. Large reniform sporangia on obliquely inserted stalks. US636-7786. X2. Scale bar =

1 ern.

Figure 23. Sporangiate region showing many stalks lacking sporangia (arrows): evidence for

deciduous sporangia. US636-8062. X2. Scale bar = 1 cm.

Figure 24. Paratype. Sporangia showing wide dehiscence zone composed of two strips to either
side of a suture. US66S-9068. X4. Scale bar = 0.5 ern.
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Figures 25-32. Distichophytum ovatum

Figure 25. Largest and incomplete specimen with sporangia appearing as two rows of circles.

US491-6474. X1. Scale bar = 1 em.

Figure 26. Two spikes on isotomous axis branching at an acute angle. US665-6382. X1.5.

Scale bar = 1 ern.

Figure 27. Sole specimen of this species to show a vegetative axis as well as fertile axes at

different stages of development. US499-6657. X1.5. Scale bar = 1 ern.

Figure 28. Isotomously branching axis bearing two spikes distally. X2. US617-6384. Scale bar =

1 ern.

Figure 29. Spike preserved in lateral view showing shape and length of sporangia and angle of

insertion. US636-7792. X2. Scale bar = 1 cm.

Figure 30. Close-up of specimen in Fig. 27 showing two rows of sporangia oriented to one side

of the axis. X7. Scale bar = 0.5 ern.

Figure 31. Spike preserved in oblique view showing ovate shape of sporangia. US486-6437.

X3.S. Scale bar = 1 ern.

Figure 32. Close up of specimen in Fig. 26 showing thickened distal dehiscence zones. US665-

6382. XS. Scale bar = 0.5 cm.
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Figures 33-36. Newgenus 0 newspecies

Figure 33 Paratype Specimen showing naked axis basally. US693-8289. X1.5. Scale bar = 1

cm.

Figure 34 Holotype. Isotomous axis bearing enations and bearing two dense spikes terminally.
US644-6378. X1.5. Scale bar = 1 cm.

Figure 35. Close-up of specimen in Fig. 34 showing enations. Note longitudinal rib (arrow)
proceeding from base to apex. Elliptical open structures are interpreted as enations
from which carbon has been lost, and are not interpreted as sporangia. X4. Scale
bar = 0.5 cm.

Figure 36. Close-up of specimen in Fig. 34 showing two incomplete spikes composed of two
rows of circular sporangia. X4. Scale bar = 0.5 cm.
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Figures 37-42. Newgenus E newspecies. All scale bars = 1 cm.

Figure 37. Paratype Largest spike of Newgenus E newspecies. Note two isotomies within the
fertile region. US492-6539. X1.

Figure 38. Paratype. Isotomous axis terminating in a dense spike composed of imbricate
sporangia US636-7770. X2.

Figure 39. Holotype. Isotomous axis bearing three mature spikes terminally. US486-6426. X2.

Figure 40. Paratype. Spike bearing overlapping sporangia which are not folded. US664-8261.
X3.

Figure 41. Specimen showing both unfolded and folded sporangia within the same spike.
Folded sporangia are visible at the base of the spike, whereas the sporangia of the
middle region appear unfolded. US665-8020. X3.

Figure 42. Two spikes composed of folded sporangia. The thickened dehiscence rims appear
as parallel black lines. US664-8265. X4.
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Figure 43. Bathurstia denticulata. This is the largest specimen collected, bearing at least four
dense spikes (large arrows) as well as a number of unbranched subordinate axes

(small arrows) along the ventral side of the axis to the far left. See Text-Fig. 4.3 for

tracing. US704-8326. X0.75. Scale bar = 1 em.
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Figure 44-48. Bathurstia denticulata. All scale bars = 1 cm.

Figure 44 Close up of stem of specimen in Fig. 43 showing arc-shaped appearance of enations

on laterally compressed axes (left) and the triangular shape in a dorsi-ventrally
compressed axis (right). US704-8326. X2.

Figure 45. Dorsi-ventrally compressed specimen showing isotomous branching as well as the

proximally directed ends of the two rows of enations. US642-7871. X1.

Figure 46. Portion of obliquely-compressed axis showing shelf-like enation shape. US665-
8272. X1.5.

Figure 47. Roots arising from the horizontal portion of a stem. Subordinate K-branch borne near

the base of the aerial portion of the stem. US493-6576. XO.7.

Figure 48. Possible juvenile plant of Bathurstia denticulata showing roots in proximal region
(small arrows). K-branches are bome at relatively regular intervals along the

remainder of the axis. One branch of each K-branch is a circinately tipped stem while

the other, non-circinate branch appears to have a rooting function. K·branch marked

with the letter UK" bears a secondary K-branch. US680-6375. XO.6.
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Figures 49-53. Bathurstia denticulata. All scale bars = 1 ern.

Figure 49. Tallest specimen found, bearing spikes distally. One branch is bent near the point of

isotomy Note central vascular strand visible as black stripe below the isotomy.
US665-6381. XO.9

Figure 50. Close-up of specimen in Fig. 49 showing one of the mature spikes Dorsal view X2.

Figure 51. Dorsal view of mature spike. US636-8204. X2.

Figure 52. Lateral view of uncoiling spike. Arrow indicates a portion of the second row of

sporangia. US609-6939. X2.5.

Figure 53. Spike with distorted sporangia, showing thickness of sporangia. US644-7899. X3.
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Figures 54-55. Bathurstia denticulata

Figure 54. Sporangial dehiscence zones (arrows) visible as two parallel darkened lines on either

side of a lighter-coloured suture. US67B-B055. XB. Scale bar = 1 mrn.

Figure 55 Cluster of trilete spores with a roughly circular outline recovered from US636-B1B4 .

X750. Scale bar = 1 0 urn.

125



:t

. .

......

�
•..

,,'.

..t ,
. .

•
.

..



Figures 56-60. Psilophytites sp.

Figure 56. Large, partially weathered specimen of Psnoonytnee. US491-6491. XO.9. Scale bar
= 1 cm

Figure 57. Portion of an axis showing anisotomous branching of the spiny main axis but

isotomous branching of naked distal branches. US67S-8044. XO.8. Scale bar = 1

ern.

Figure 58. Branching specimen showing main axis bearing long acicular spines and naked

subordinate axes. US486-8074. XO.8. Scale bar = 1 cm.

Figure 59. Portion of axis illustrating the appearance of spine bases on weathered specimens.
An axillary protuberance (carbon has been weathered away) is shown at the arrow.

US630-7693. X4. Scale bar = 0.5 cm.

Figure 60. Close up of circular sub-axillary tubercle. Also note the faint circular spine bases in

the same region. US636-8199. X6. Scale bar = 0.5 cm.
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Figures 61-63. Drepanophycus spinaeformis. All scale bars = 1 ern.

Figure 61. Specimen bearing a series of regularly spaced rooting structures proximally (arrows).
Note the increase in diameter of the axis distally. US604-6380. X1.

Figure 62 This specimen (see Text-Fig 4.6 for tracing) shows a series of regularly spaced K

branches along one side of the axis. US636-8206. X1.S.

Figure 63. Relatively wide axis illustrating the change in appearance of microphylls along its

length. Helically arranged spine bases appear as black dots in the lower-middle

region of the axis. Central conducting strand visible as a dark line in upper-middle
region. US637-7811. X1.
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Figures 64-66. Drepanophycus spinaeformis

Figure 64. K-branch to left forms a shoot and a branching root, whereas the K-branch to the

right forms two rooting structures. US678-8078. X1. Scale bar = 1 ern,

Figure 65. Portion of axis showing branch of the central vascular strand leading into a leaf.

US669-8030. X3. Scale bar = 1 ern.

Figure 66. Fertile specimen showing cauline attachment of reniform sporangia (arrow). US607-

8105. X2. Scale bar = 1 ern.

Figures 67-68. Drepanophycus gaspianus

Figure 67. Isotomously branching axis. US337-2597. X1.5. Scale bar = 1 cm.

Figure 68. Detail of Fig. 67 showing morphology of leaves and leaf bases. US337-2597. X5.

Scale bar = 1 mm.
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Figures 69-71. Gen. et sp. indet. 1

Figure 69. Axis bears narrow lateral branches helically. Lateral branches branch isotomously
and terminate in pairs of fusiform sporangia. Sporangia illustrated in Figs. 70 and 71

marked by arrows. US381-2307. X1.S. Scale bar = 1 cm.

Figure 70. Detail of an impression of a sporangial pair from the trimerophyte shown in Fig. 69.
Note the central division marking the edges of the pair. US381-2307. X11. Scale
bar = 1 mm.

Figure 71. Detail of another sporangial pair from the trimerophyte in Fig. 69. The two sporangia
appear twisted around one another distally. US381-2307. X11. Scale bar = 1 mm.

Figure 72. Gen. et sp. indet. 2. Anisotomously branching axis. Three sporangia are visible at

the distal end of the main axis. US608-6873. X2. Scale bar = 1 cm.

Figures 73-75. Gen. et sp. indet. 3

Figure 73. Branching axis bearing lateral branching organs on one of the distal branches to the
left. Fossils of Psilophytites and Zosterophyllum newspecies c occur to the left of

gen. et sp. nov.2. US666-8021. X1. Scale bar = 1 cm.

Figure 74. Detail from Fig. 73 showing branching characteristics. Note the black line that
extends basally from the axil of the lowermost branch. Lateral axes have a distinct
central line probably indicative of the vascular tissue. US666-8021. X4. Scale bar =

0.5 cm.

Figure 75. Detail of Fig. 73 showing two lateral branching organs. US666-8021. X4. Scale bar
= 0.5 cm.
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Figures 76-77. Newgenus F newspecies

Figure 76 Holotype. Unbranched fertile axis bearing seven sessile sporangia. US388-2422.
X1.2. Scale bar = 1 ern

Figure 77. Close up of holotype showing fusiform sporangia. Arrow marks evidence for distal
dehiscence zone. US388-2422. X4. Scale bar = 0.5 em.

Figure 78. Hicklingia sp. Axis branches unequally to form stalks. Sporangia terminate the
main axis and the stalks. US388-2423. X3. Scale bar = 1 em.

Figure 79. ct. Distichophytum sp .. Two poorly preserved, dense spikes US690-8164. X3.
Scale bar = 1 em.

Figure 80. ct. Bathurstia sp. Spike composed of two rows of elongate sporangia and
subtended by a portion of the robust axis. US389-2429. X2. Scale bar = 1 em.
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Late Silurian plants

Figures 81-83. ct. Hicklingia sp.

Figure 81 Isotomously branching. gracile axis bearing a number of small sporangia distally
US385-2398. X2. Scale bar = 1 cm.

Figure 82. Detail of counterpart of specimen shown in Fig. 81 showing a series of longer than
wide sporangia on the right-hand branch. X6. Scale bar = 1 mm.

Figure 83 Detail of sporangia shown in Fig. 81. Dehiscence zone of one of the sporangia is
visible (d). X6. Scale bar = 1 mm.

Figure 84. Newgenus G newspecies Holotype. Lower sporangium appears to be preserved
in lateral view. US383-2385. X2. Scale bar = 1 cm.

Figure 85. Gen. et sp. indet. 4 specimen composed of two rounded sporangia terminating
diverging axes that were probably originally attached. US600-6774. X6. Scale bar
= 1 mm.
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Figures 86-87. ct. Bathurstia sp.

Figure 86. Bilateral spike showing a robust axis bearing two rows of elongate sporangia.
US600-6791. X2.S. Scale bar = 1 ern.

Figure 87. Curved bilateral spike. Shape of sporangia visible in upper right-hand portion.
US384-8138. X4. Scale bar = 0.5 cm.

Figure 88. Zosterophyllum sp. Note the stalks bereft of sporangia found distally. US384-
8137. X3. Scale bar = 1 cm.

Figure 89. Zosterophyllum ct. Z. newspecies b, The outlines of sporangia are visible along
the length of this isotomously branched axis as C-shaped thickenings. US688-81 52.
X3. Scale bar = 1 em.

Figures 90-92. Distichophytum sp.

Figure 90. Three dense spikes terminating poorly preserved axes. US600-8144. X2. Scale bar
= 1 ern.

Figure 91. Detail from Fig. 90 showing the shape of sporangia preserved in oblique view. XS.
Scale bar = 0.5 cm.

Figure 92. Portion of spike in face view showing two rows of sub-opposite, round sporangia.
US600-8140. X8. Scale bar = 1 rnrn.
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10. APPENDICES

10.1 Appendix A- Locality data

Collectors include J.F. Basinger (JFB), E.E. Mciver (EEM), D. Postnikoff (DP), L. Postnikoff

(LP), S. Hill (SH), P.G. Gensel (PGG), and M. Kotyk (MK)

10.1.1 Polar Bear Pass Region

US381 33 specimens; 22/7/93; 75°48'24"N, 98°25'58"W; Pragian; Prince Alfred Bay
Formation; Up to 1 0 m above the stream; collected by JFB

US382 43 specimens; 2217/93; 75°48'08"N, 98°27'43"W; Pragian; Prince Alfred Bay
Formation; Second high cliff exposure on South bank of the creek; collected by JFB

US383 15 specimens; 24n/93; 75°50'22.3", 98°37'00.2"W; Pridoli/Ludlow; Bathurst Island

beds, Lower member; About 100 m stratigraphically beneath the lowest large
olistostrome, same as US600; collected by JFB

US384 15 specimens; 24/7/93; 75°50'28.3"N, 98°36'12.6"W; Pridoli/Ludlow; Bathurst Island

beds, Lower member; About 6 m upsection from US383; collected by JFB

US385 20 specimens; 24/7/93; 75°50'49.2"N, 98°35'34.0"W; Pridoli/Ludlow; Bathurst Island

beds; Fossil beds at river level immediately below second, larger olistostrome. About
1 mile downstream from 384; collected by JFB

US386 5 specimens; 24n/93; Lochkovian, Bathurst Island beds; In float near US385;
collected by JFB

US387 12 specimens; 24n/93; 75°51'26"N, 98°32'59"W; Pragian; Stuart Bay beds, lowermost
Lower Member; Small layer at stream level; collected by JFB

US388 7 specimens; 25n/93; 75°49'27.8"N, 98°31'46.2"W; Lochkovian; Bathurst Island beds,
Upper member; collected by JFB

US389 9 specimens; 25n/93; Lochkovian; Bathurst Island beds, Upper member;
Miscellaneous float near US388; collected by JFB

US390 29 specimens; 25/7/93; 75°52'30.0"N, 98°38'45.8"W; Lochkovian; Bathurst Island beds,
Upper member; about 200 m downstream from forking tributary; collected by JFB

US391 9 specimens; 25/7/93; 75°52'46.5"N, 98°36'55.8"W; Pragian; Stuart Bay beds, Lower
member; Near mouth of creek; collected by JFB

US392 31 specimens; 27/7/93; 75°51'52.7"N, 98°29'00.2"W; Pragian; Stuart Bay beds, Middle

member; collected by JFB

US393 6 specimens; 27n/93; Pragian; Stuart Bay beds, Lower member; collected by JFB

US394 17 specimens; 27n/93; Pragian; Stuart Bay beds, Lower member; First exposure on

major river upstream from tributary from west; collected by JFB

US395 6 specimens; 27n/93; 75°50'37.0"N, 98°30'40.0"W; Pragian; Stuart Bay beds, Lower

member; Near chert pebble conglomerate beds; collected by JFB

US396 15 specimens; 27n/93; 75°50'14.6"N, 98°29'37.5"W; Upper Bathurst Island beds;
collected by JFB
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US397 41 specimens; 28/7/93; 75°46'00.7"N, 98°32'16.5"W; Pragian; Stuart Bay beds, Lower

member; Platy grey shale, associated with chert pebble conglomerate; collected by
JFB

US398 35 specimens; 28/7/93; 75°46'08.8"N, 98°32'27.6"W; Pragian; Stuart Bay beds, Lower

member; Next exposure upstream from US397; collected by JFB

US499 66 specimens; 23/7/94; Same as US397; collected by JFB, SH, MK

US600 99 specimens; 2317/94; Same as US383; collected by JFB, SH, MK

US601 3 specimens; 23/7/94; 75°50'49.2"N, 98°35'34.0"W; Bathurst Island beds, Lower

member; Same as US385; collected by JFB, SH, MK

US602 1 specimen; 23/7/94; collected by JFB, SH, MK

US603 21 specimens; 23/7/94; 75°48'59.8"N, 98°24'11.2"W; Pragian; Stuart Bay beds; Near
the boundary of the Stuart Bay beds and Prince Alfred Formation, in shales below a

thick conglomerate. Most specimens at stream level; collected by JFB, SH, MK

US604 9 specimens; 23/7/94; Pragian; Stuart Bay beds; About the same as US603 beds but
about 40 m downstream; collected by JFB, SH, MK

US605 48 specimens; 23/7/94; Pragian; Stuart Bay beds; About the same as US603 beds, but
about 70 m downstream; collected by JFB, SH, MK

US606 15 specimens; 2317/94 and 13/7/96; Pragian; Stuart Bay beds; 5 m upstream from
US609 beds; collected by JFB, SH, MK

US607 33 specimens; 23/7/94 and 13/7/96; Pragian; Stuart Bay beds; About 100 m upstream
from US608 but representing the same package of beds. On east bank; collected by
JFB, SH, MK

US608 85 specimens; 2317/94; Pragian; Stuart Bay beds; Near US609. On west side of creek;
collected by JFB, SH, MK

US609 64 specimens; 23/7/94; 75°48'53.1 "N, 98°24'03.4"W; Pragian; Stuart Bay beds; Beds at
creek level; collected by JFB, SH, MK

US610 28 specimens; 5/7/95; 75°48'26.4"N, 98°26'14"W; Pragian; Stuart Bay beds; collected

by JFB, MK, DP, EEM

US611 12 specimens; 517/95; 75°48'28"N, 98°26'41 "W; Pragian; Stuart Bay beds; collected by
JFB, MK, DP, EEM

US612 1 specimen; 5/7/95; Pragian; Stuart Bay beds; About same place as US382; collected

by JFB, MK, DP, EEM

US613 19 specimens; 5/7/95; 75°48'15"N, 98°28'49"W; Pragian; Stuart Bay beds; collected by
JFB, MK, DP, EEM

US614 14 specimens; 5/7/95; 75°48'42"N, 98°26'07"W; Pragian; Stuart Bay beds; collected by
JFB, MK, DP, EEM

US615 27 specimens; 6/7/95; Pragian; Stuart Bay beds; Not a precise locality. Includes about
1 km along stream in the viscinity of US613; collected by JFB, MK, DP, EEM

US616 30 specimens; 6/7/95; Pragian, Stuart Bay beds; About 50 m north of US614; collected

by JFB, MK, DP, EEM

US617 47 specimens; 7/7/95; 75°48'55.4"N, 98°24'38.9"W; Pragian; Stuart Bay beds;
collected by JFB, MK, DP. EEM
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US618 2 specimens; 717195; Pragian; Stuart Bay beds; 20 m upstream of US617. Same beds
as US603 and US617; collected by JFB, MK, DP, EEM

US619 12 specimens; 7/7/95; 75°48'56.1"N, 98°23'47.6"W; Pragian; Stuart Bay beds; High on

bank of gully; collected by JFB, MK, DP, EEM

US682 2 specimens; 1217196: 75°50'31.6"N, 98°30'11.1"W; Pragian; Stuart Bay beds; Eastern
bank of river on scree slope: collected by LP

US683 1 specimen; 1217196; Pragian; Stuart Bay beds; Just upstream from US684 and

US394, on eastern bank of river; collected by JFB, MK, DP, LP

US684 1 specimen; 1217196; Pragian; Stuart Bay beds; Upstream from US394, downstream
from US684, on eastern bank; collected by JFB, MK, DP, LP

US685 3 specimens; 1317196; 75°48.853'N, 98°24.040'W; Pragian; Stuart Bay beds;
Downsteam of US605. Close to tributary; collected by MK, JFB

US686 2 specimens; 1517196; 75°48.853'N, 98°24.040'W Pragian; Stuart Bay beds; In the river

just below US606; collected by DP

US687 3 specimens; 1417196; Ludlow/Pridoli; Bathurst Island beds, lower member; In stream;
collected by DP

US688 1 specimen; 1417196; Ludlow/Pridoli; Bathurst Island beds, lower member; 70 m

downsection from lowermost of large olistostromes; Beds almost completely barren;
collected by MK

US689 1 specimen; 1417196; Lochkovian; Bathurst Island beds; 15 m upsection of second

olistostrome; collected by DP

US690 1 specimen; 1417196; Lochkovian; Bathurst Island beds; collected by JFB

10.1.2 Cheyne River Region

US620 13 specimens; 917195; 76°11 '12.5"N, 98°13'49"W; Pragian; Stuart Bay beds; collected

by JFB, EM

US621 1 specimen; 917195; Pragian; Stuart Bay beds; About a few hundred meters west of

US620; collected by JFB, EM

US622 13 specimens; 917195; Pragian; Stuart Bay beds; About 100 m south of US621;
collected by JFB, EM

US623 5 specimens; 917195; 76°10'29.2"N, 98°18'12.8"W; Pragian; Stuart Bay beds; collected

by MK, DP

US624 8 specimens; 917195; 76°1 0'21.9"N, 98°18'52.6"W; Pragian; Stuart Bay beds; collected

by MK, DP

US625 3 specimens; 10/7/95; Pragian; Stuart Bay beds; Across river from US672, along strike
from US627 and US626; collected by JFB, DP

US626 7 specimens; 1017/95; Pragian; Stuart Bay beds; Across river from US669, same beds
as US625 and US627; collected by JFB, DP

US627 10 specimens; 10/7/95; Pragian; Stuart Bay beds; collected by JFB, DP

US628 29 specimens; 10/7/95 and 1917/96; Pragian; Stuart Bay beds; Across river from

US664; collected by JFB, DP

143



US629 1 specimen; 10/7/95; Pragian; Stuart Bay beds; Last exposure before sharp bend in

river; collected by JFB, DP

US630 27 specimens; 11/7/95; 76°10'43.6"N, 98°09'19.2"W; Pragian; Stuart Bay beds; About
200 m downstream from tributary. On east bank; collected by JFB, EM

US631 3 specimens; 11/7/95; 76°11'02.9"N, 98°09'48.0"W; Pragian; Stuart Bay beds;
collected by JFB, EM

US632 17 specimens; 11/7/95; 76°11'25.0"N, 98°09'00.0"W; Pragian; Stuart Bay beds; Small

tributary. Forming gorge on east side; collected by JFB. EM

US633 14 specimens; 11/7/95; Pragian; Stuart Bay beds; Across river from US666, near top of

exposure; collected by MK, DP

US634 3 specimens; 11/7/95; Pragian; Stuart Bay beds; collected by MK, DP

US635 1 specimen; 11/7/95; Pragian; Stuart Bay beds; Near contact with thin-bedded Bathurst
Island beds beds; collected by MK, DP

US636 140 specimens; 1117195; 76°11'29.4"N, 98°09'05.2"W; Pragian; Stuart Bay beds;
Known as "Rabbit-foot Quarry", Small exposure from river level to 3 m above the river
level; collected by MK, DP, EM, JFB, LP

US637 48 specimens; 1217/95; Pragian; Stuart Bay beds; Across the river from US636 on

exposure about 10m high as well as in scree; collected by MK, JFB

US638 3 specimens; 1217/95; Pragian; Stuart Bay beds; About 50m downstream from US636
on west side of tributary; collected by JFB

US639 1 specimen; 13/7/95; Pragian; Stuart Bay beds; Approximately 60 m downstream from
US636 on east side of stream, collected by MK, EM

US640 3 specimens; 13/7/95; Pragian; Stuart Bay beds; Near contact with fine-grained
Bathurst Island beds beds; collected by MK, EM

US641 9 specimens; 13/7/95; 76°12'28.1"N, 98°09'52.2"W; Pragian; Stuart Bay beds; On the

Cheyne River's east bank, just North of the junction between two rivers; collected by
JFB,DP

US642 17 specimens; 13/7/95; 76°12'15.8"N, 98°09'24.6"W; Pragian; Stuart Bay beds; Just
below massive conglomerate; collected by EM

US643 16 specimens; 13/7/95; 76°12'07.6"N, 98°09'57.5"W; Pragian; Stuart Bay beds; Just
below first massive conglomerate; collected by MK, JFB

US644 14 specimens; 13/7/95; 76°11'41.2"N, 98°10'56.3"W; Pragian; Stuart Bay beds; EM,
DP

US645 8 specimens; 13/7/95; Pragian; Stuart Bay beds; collected by JB, EM

US649 1 specimen; 1417195; 76°12'10.3"N, 98°09'52.4"W; Pragian; Stuart Bay beds; Across
the river from US643. Near contact with Bathurst Island beds beds; collected by JFB,
EM

US650 4 specimens; 14/7/95; Pragian; Stuart Bay beds; About 30 m downstream from US649.

Roughly across from US643; collected by JFB, EM

US663 3 specimens; 14/7/95; Pragian; Stuart Bay beds; About 300 m upstream from mouth of

tributary, roughly across from US642; collected by JB, EM

US664 62 specimens; 14/7/95; 76°11'25.1"N, 98°12'14.1"W; Pragian; Stuart Bay beds;
collected by JB, EM
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US665 69 specimens; 14/7/95; 76°11'23.7"N, 98°12'27.6"W; Pragian; Stuart Bay beds; About
the same beds as US664; collected by JB. EM

US666 4 specimens; 15/7/95; Pragian; Stuart Bay beds; Just downstream from sharp bend of

Cheyne River. Beds approximately the same as US665; collected by JB. EM

US667 5 specimens; 15/7/95; 76°11'24.0"N, 98°12'45.3''W; Pragian; Stuart Bay beds; About
the same beds as US665; collected by JB. EM

US668 2 specimens; 15/7/95; 76°11'16.3"N, 98°13'05.0"W; Pragian; Stuart Bay beds;
collected by JB. EM

US669 3 specimens; 15/7/95; Pragian; Stuart Bay beds; At about the upper limit of fine

grained sandstone. Grades to a medium-grained, thick-bedded and barren sequence
of rock; collected by JB, EM

US670 2 specimens; 15/7/95; 76°11'12.4"N, 98°13'49"W; Pragian; Stuart Bay beds; collected

by JB, EM

US671 1 specimen; 15/7/95; 76°11 '15.8"N, 98°14'30.3"W; Pragian; Stuart Bay beds; collected

by JB, EM

US672 1 specimen; 15/7/95; Pragian; Stuart Bay beds; collected by JB, EM

US673 1 specimen; 16/7/95; 76°12'14.2"N, 98°27'40.6"W; Pragian; Stuart Bay beds; On

tributary of easterly flowing river that joins to the Cheyne River; collected by JB, EM

US674 7 specimens; 17/7/95; 76°10'42.2"N, 98°17'57.6"W; Pragian; Stuart Bay beds;
collected by JB, EM

US675 3 specimens; 17/7/95; 76°11'03.7"N, 98°14'52.4"W; Pragian; Stuart Bay beds;
collected by JB, EM

US676 5 specimens; 17/7/95; 76°11'12.9"N, 98°14'28.3"W; Pragian; Stuart Bay beds; About
200 m from US671; collected by JB, EM

US677 3 specimens; 17/7/95; Pragian; Stuart Bay beds; About 100m east of US665; collected

by JB, EM

US678 3 specimens; 18/7/95; 76°07'59.2"N, 98°21'11.0"W; Pragian; Stuart Bay beds;
collected by JB, EM

US679 1 specimen; 18/7/95; Pragian; Stuart Bay beds; About 500 m downstream of US680;
collected by JB, EM

US680 1 specimen; 18/7/95; 76°06'11.7"N, 98°23'15.5"W; Pragian; Stuart Bay beds; On north
side of Cheyne river at junction with major tributary; collected by JB, EM

US681 1 specimen; 18/7/95; 76°06'02.8"N, 98°26'25.6"W; Pragian; Stuart Bay beds; collected

by JB, EM

US691 5 specimens; 22/7/96; Pragian; Stuart Bay beds; Huge slabs of medium bedded,
medium-grained sandstone; collected by MK, DP

US702 11 specimens; 19/7/96; Pragian; Stuart Bay beds; Same as US628, across river from

US664; collected by JFB, LP

US703 1 specimens; 19/7/96; Pragian; Stuart Bay beds; Near US628, across the river from

US664; collected by JFB, LP

US704 5 specimens; 19/7/96; Pragian; Stuart Bay beds; Less than 100 m east of US703;
collected by JFB, LP
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10.1.3 Young Inlet Region

US485 1 specimen; 13/7/94; Pragian; Stuart Bay beds; About 40 m downstream from 488;
collected by JFB, MK, SH, PGG

US486 33 specimens; 13/7/94; Pragian; Stuart Bay beds; On east bank, same as 494;
collected by JFB, MK, SH, PGG

US487 12 specimens; 14/7/94; 76°29'09"N, 98°37'47"W; Pragian; Stuart Bay beds; Bathurstia

type locality, about 30 m below first conglomerate; collected by JFB, MK, SH, PGG

US488 1 specimen; 14/7/94; Pragian; Lowermost Stuart Bay beds; About 20 m downstream
from US487; collected by JFB, MK, SH, PGG

US489 3 specimens; 14n/94; Pragian; Stuart Bay beds; Just upsection from second

conglomerate, immediately across river from US487 and US488; collected by JFB,
MK, SH, PGG

US490 1 specimen; 14/7/94; Pragian; Stuart Bay beds; Opposite side of creek from 488;
collected by JFB, MK, SH, PGG

US491 58 specimens; 16/7/94; 76°29'18.8"N, 98°37'10.5"W; Pragian; Stuart Bay beds; 100-
200 m below facies transition at top of Stuart Bay beds beds; collected by JFB, MK,
SH, PGG

US492 25 specimens; 16n/94; Pragian; Stuart Bay beds; Medium grained sandstone,
medium-bedded, about 250 m downstream from US491; collected by JFB, MK, SH,
PGG

US493 25 specimens; 17n/94; Pragian; Stuart Bay beds; Top 30 m of exposed Stuart Bay
beds beds; collected by JFB, MK, SH, PGG

US494 21 specimens; 17/7/94; Pragian; Stuart Bay beds; Same as US486; collected by JFB,
MK, SH, PGG

US495 4 specimens; 18/7/94; Pragian; Stuart Bay beds; About 300 m downstream from

US496; collected by JFB, MK, SH, PGG

US496 2 specimens; 18/7/94; 76°26'57"N, 98°45'09"W; Pragian; Stuart Bay beds; About 200m

upstream from 495, block in float; collected by JFB, MK, SH, PGG

US497 4 specimens; 18/7/94; Pragian; Stuart Bay beds; in float; collected by JFB, MK, SH,
PGG

US498 39 specimens; 18/7/94; 76°27'01 "N, 98°44'25"W; Pragian; Stuart Bay beds; collected

by JFB, MK, SH, PGG

US692 4 specimens; 24/7/96; 76°32.500'N, 98°45.894'W; Pragian; Stuart Bay beds; In float;
collected by MK

US693 3 specimens; 24n196; Pragian; Stuart Bay beds; Associated with conglomerates;
collected by MK

US694 2 specimens; 24/7/96; 76°31.906'N, 98°48.496'W; Pragian; Stuart Bay beds;
Associated with conglomerates; collected by DP

US695 4 specimens; 24/7/96; Pragian; Stuart Bay beds; About 250 m downstream of US694,
associated with conglomerate; collected by DP

US696 1 specimen; 24/7/96; Pragian; Stuart Bay beds; On slope, near riverbed, associated
with conglomerate, probably same beds as US694; collected by MK, DP

US697 1 specimen; 25/7/96; Pragian; Stuart Bay beds; 70 m upstream from US698 on east

bank of river, on slope, near riverbed; collected by MK
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US698 1 specimen; 25/7/96; 76°31.94'N, 98°42.89'W; Pragian; Stuart Bay beds; Very close to
river bed; collected by DP

US699 1 specimen; 25/7/96; Pragian; Stuart Bay beds; Across river from 698, on northeast

side; collected by MK

US700 1 specimen; 25/7/96; Pragian; Stuart Bay beds; On southwest side of river, in float;
collected by DP

US701 1 specimen; 29/7/96; Pragian; Stuart Bay beds; At edge of river, close to inlet;
collected by MK

10.1.4 Twilight Creek/Cut Through Creek Region

US475 2 specimens; 8/7/94; 76°12'43"N, 99°10'48"W; Pragian; Stuart Bay beds; Twilight
Creek; collected by JFB, MK, SH, PGG

US476 9 specimens; 8/7/94; Pragian; Stuart Bay beds; About 70 m upstream from US475;
collected by JFB, MK, SH, PGG

US477 2 specimens; 8/7/94; Pragian; Stuart Bay beds; About 160 m upstream from US475;
collected by JFB, MK, SH, PGG

US478 1 specimen; 8/7/94; Pragian; Stuart Bay beds; About 180 m upstream from US475;
collected by JFB, MK, SH, PGG

US479 1 specimen; 8/7/94; Pragian; Stuart Bay beds; About 500 m upstream from US475;
collected by JFB, MK, SH, PGG

US480 1 specimen; 8/7/94; Pragian; Stuart Bay beds; About 200 m upstream from US475, on

east bank of river; collected by JFB, MK, SH, PGG

US481 1 specimen; 9/7/94; At approximately 99°05'W, 76°10'N Pragian; Stuart Bay beds; Cut

Through Creek; collected by JFB, MK, SH, PGG

US482 12 specimens; 9/7/94; Pragian; Stuart Bay beds; 250 m upstream from US481;
collected by JFB, MK, SH, PGG

US483 1 specimen; 9/7/94; Pragian; Stuart Bay beds; At bend of creek, about 750 m upstream
from US481; collected by JFB, MK, SH, PGG

US484 5 specimens; 10/7/94; Pragian; Stuart Bay beds; About 30 m downstream from US475,
but just upslope in a gulley; collected by JFB, MK, SH, PGG

10.1.5 Caledonian River

US646 3 specimens; 15/7/95; Pragian; 50m downstream from 75°40.01 'N, 98°42.08'W; Along
river bank, near contact between fine-bedded and medium-bedded rocks; Stuart Bay
beds; collected by MK, DP

US647 1 specimen; 15/7/95; Pragian; 40m downstream from 75°40.01 'N, 98°42.08'W; On hill
west of the river, Stuart Bay beds; collected by MK, DP
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10.2 Appendix B - Calculation of biostratigraphic coefficients of Bathurst Island

floras

Characters are: A. - Axis diameter (scored out of 5); B. - Axis branching (4); C. - Axial

emergences (5); D. - Photosynthetic surfaces (3); E. - Sporangial shape (1); F. - Sporangial
aggregation (2); G. - Sporangial dehiscence (2); H. - Spore production (2). See Gerrienne and
Streel (1994) for details.

Table 10.1 Biostratigraphic coefficient calculations for Ludlow/Pridoli Flora
ct. Hick. Ng G "4" cf Bathurst Z. sp Z. cf Z. b Dist Total

A 1 1 - - 0 2 1 5/25
B 1 1 1 - - 1 1 5/20
C 0 0 - - - 0 0 0/20
D 0 0 - - - 0 0 0/12
E 1 1 1 1 1 1 1 7f7
F 1 0 0 2 2 1 2 8/14
G 2? 1 1? - - 2? 2? 8/10

33/108

Co-efficient = 30 5

Table 10.2 Biostratigraphic coefficient calculations for Lochkovian Flora

Newgenus F Hicklingia sp ct. Distichophytum sp ct. Bathurstia sp Total
A 1 1 1 3 6/20
C 0 - 0 - 0/10
D 0 - 0 0 0/9

E 1 1 1 1 4/4

F 1 2 1 2 6/8
G 1 - - 2 3/4

19/55

Co-efficient = 34.5

T bl 10 3 B' t t' ffi' t If f P FIa e lOS ra rqrap IC coe icren ca cu a Ions or raman ora

C Za Z Z Z D Ng. Ng. B. d Ps D. s D. "1
"

"2" "3" Total
h b sp c ov D E Q.

A 1 1 1 1 1 1 1 1 4 3 4 4 2 0 3 28f75

B 1 1 1 - 2 1 1 1 1 2 1 1 3 - 3 19/52
C 0 0 0 0 0 0 2 0 2 1 4 3 0 - 0 12f70
D 0 0 0 - 0 0 0 0 0 1 0 0 1 0 0 2142
E 1 1 1 1 1 1 1 1 1 - 1 - 1 1 1 13/13
F 0 2 1 2 2 2 2 2 2 - 2 - 1 1 1 20/26

G 0 2 2 - 2 2? 2? 2 2 - - - - - 0 14/18

H - 0 - - - - - 0 0 - - - - - - 0/6

108/302

Co-efficient = 35.8
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Text-Figure 10.1. Scale showing biostratigraphic coefficients of selected floras. From Gerrienne
and Streel (1994).
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