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Abstract  

The Ediacara Biota is a distinct group of soft-bodied organisms that flourished in late 

Precambrian (Ediacaran) oceans. The succession at Mistaken Point, Newfoundland, 

contains the most extensive collection of Ediacaran fronds in the world, with hundreds of 

complete specimens spanning at least 10 million years.  

 

The goals of the completed thesis were to investigate the growth strategies, preservational 

biases, function, and taxonomy of Ediacaran fronds through the use of qualitative 

morphological descriptions and quantitative morphometrics. Several of these 

mathematical techniques had not been previously applied to the Ediacara Biota, and 

strengthen traditional descriptive techniques through mathematical scrutiny. The second 

chapter applies standard biometric and principal components analyses to the 

cosmopolitan frond Charniodiscus from Newfoundland, which allowed for rigorous 

definition of two new closely related species that evolved differently shaped petalodiums 

to extract nutrients from different levels in the water column. The third chapter utilizes 

"landmark morphometrics" to interpret the original 3D shape of Charnia. These 

techniques suggest that traditional descriptions of Ediacaran fronds as sheet-like 

organisms are incorrect, and are a direct result of preservational processes. It was 

demonstrated that branch rigidity is species specific, resulting in the description of a new 

species of ancestral Charnia. The fourth chapter describes a new species of multifoliate 

rangeomorph frond that was preserved in four unique taphonomic settings. Only through 

comparison of specimens from all four preservational regimes was it possible to 
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reconstruct the original morphology of this frond, and isolate taphonomically based 

features from true morphological characters.  

 

The final chapter reviews the biological significance of the frond morphoshape, and 

proposes that the present emphasis on overall shape in Ediacaran taxonomy is inherently 

flawed. It is recommended that a new system be erected to classify Ediacaran fronds 

based on branching architecture, as frond morphology most likely represents a common 

need to extract nutrients from the water column, and therefore represents a shared 

ecology, not ancestry. 
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Chapter 1:  

INTRODUCTION 

 

GENERAL STATEMENT AND PROBLEMS: THE EDIACARA BIOTA 

The terminal Neoproterozoic Ediacaran Period marks a fundamental change in the early 

evolution of life, with the sudden appearance of large, soft-bodied and structurally 

complex eukaryotes (collectively referred to as the Ediacara Biota) after a billion years 

dominance by microscopic, morphologically simple fossils (Knoll, 2003; Narbonne, 

2005; Butterfield, 2007). The Ediacaran (Knoll et al., 2004; 2006) is the newest period to 

be added to the geological time scale in more that 100 years, and began with the 

termination of the Marinoan glaciation, one of the largest global glaciations which 

resulted in continental glaciers reaching tropical latitudes. The Ediacaran extends up to 

the Cambrian Global Stratotype Section and Point (GSSP) which is marked by the 

appearance of complex behavioural patterns preserved in the form of trace fossils and the 

beginning of the dominance of skeletonized animals in the fossil record. Within this time 

interval is the appearance and global dominance of the Ediacara Bitoa, a distinct group of 

centimetre- to meter-scale soft-bodied organisms/colonies preserved as impressions 

beneath event beds (storm deposits, turbidites, volcanic ash) and which flourished in the 

first half of Geon 5 (Hofmann, 1999) some 575 to 543 million years ago (Narbonne, 

2005).  

 

The Ediacara Biota is an artificial grouping of entirely soft-bodied organisms, lacking 

any mineralized hard parts such as shells, teeth, or bones, that represents the first 
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morphologically complex macroscopic organisms in Earth history, with individuals 

ranging from less than a centimeter to well over 2 meters in length (Narbonne and 

Gehling, 2003). The affinities of the Ediacara Biota have always been of great interest 

and controversy. Earliest attempts to classify these organisms, based on morphological 

comparisons with modern taxa, resulted in them being considered as primitive examples 

of crown groups of basal animals, principally jellyfish, flatworms, or sea pens (Glaessner 

and Wade, 1966). Over time, the Ediacara Biota have been regarded as representatives of 

a number of groups spanning several Kingdoms including prokaryotic colonies (Steiner 

and Reitner, 2001), marine fungi (Peterson et al. 2003), algae (Ford, 1958), and lichens 

(Retallack, 1994). The primary difficulty in elucidating the affinities of the Ediacara 

Biota lies in the fact that representatives of modern animal lineages, if present, are 

present only as stem-group members in the Ediacaran. Stem groups lack morphological 

characters that would allow for their irrefutable classification within a subset of modern 

animal life. For example, the Rangeomorpha (Pflug, 1972; Jenkins, 1985; Narbonne, 

2004), characterized by at least three orders of identical, repetitive “fractal” branching 

(Narbonne, 2004), may represent an extinct clade of Metazoan-grade organisms that have 

no representatives in the Phanerozoic, thus representing a failed experiment in the early 

evolution of life. To add further to the debate, Seilacher (1992) proposed that the 

Ediacara Biota were closely related members of an extinct Kingdom (Vendobionta) or 

Phylum (sister group to the Cnidaria; Buss and Seilacher, 1994). It was not until the 

discovery of stem-group sponges (Gehling and Rigby, 1996) and probable bilaterians 

(Fedonkin and Waggoner, 1997) that the Ediacara Biota became accepted as a diverse 

group of unrelated taxa that share a common mode of preservation (Narbonne, 2005).   
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Within the diverse assemblage of Ediacaran organisms, the benthic epifaunal fronds 

represent a constructional means of elevating a feeding/trapping structure into the water 

column (Fig. 1.1, 1.2), and were the first organisms to effectively partition the water 

column on a macroscopic level, resulting in a strikingly modern tiered ecosystem 

(Clapham and Narbonne, 2002). Ediacaran fronds are some of the first macroscopically 

complex eukaryotes to appear in the fossil record (Narbonne and Gehling, 2003), and 

their distinctive architecture consisting of a basal holdfast which anchors the frond to the 

substrate, and a leaf-like petalodium that is elevated into the water column to feed, has 

come to epitomize the Ediacara Biota. Furthermore, the success of the frond morphology 

is remarkable as it is one of the most successful and longest ranging Ediacaran bauplans 

(575-543 Ma) despite having only a limited occurrence after the Cambrian biotic 

revolution.   

 

The goals of this study were to document and analyze the growth and preservation of 

Ediacaran fronds, and to use this information to gain valuable insight into the evolution, 

diversity, and affinities of the Ediacara Biota. The focus of the completed research was: 

to document the growth stages in these frond-like organisms; to identify preservational 

biases that affect their three-dimensional reconstructions; and to isolate morphological 

features that allow for their classification into biologically meaningful groups in order to 

properly elucidate the evolutionary history of these ancestral organisms.  
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Figure 1.1: Morphological diversity of Ediacaran fronds. 1.1) Charniodiscus spinosus 

with descriptive labels of morphological terms applied to Ediacaran fronds. 1.2) Holotype 

of Charniodiscus spinosus 1.3) Holotype of Charniodiscus procerus 1.4) “Trepassia” 

1.5) Holotype of Charnia antecedens 1.6) Charnia masoni 1.7) Charnia wardi 1.8) 

Holotype of Charnia wardi 1.9) Close-up of 1.8 with branch overlapping and 

rangeomorph elements. Scale bars 1 cm (black and white scales 5 cm).     
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EDIACARA BIOTA IN SPACE AND TIME 

The Ediacara Biota has a worldwide distribution (Narbonne, 1998), but four main 

localities representing three main biotas (Waggoner, 2003) provide the overwhelming 

majority of known Ediacaran taxa. The oldest known large and architecturally complex 

representatives of the Ediacara Biota are from the Avalon assemblage of Mistaken Point, 

Newfoundland (Fig. 1.3), and Bradgate Park, England, with Newfoundland specimens 

age-dated between 575 and 560 Ma (Dunning in Benus,1988; Bowring et al. 2003), 

abruptly appearing in oxygenated, post-Gaskiers glacial strata (Narbonne and Gehling, 

2003; Canfield et al., 2007). These strata were deposited on the flanks of a string of 

microcontinental volcanic island arcs (Avalonia) located off the northwestern coast of 

Gondwana 575 to 555 million years ago (Murphy et al. 2002). Mistaken Point and 

Bradgate Park have been interpreted as deep-water localities, composed of fine-grained 

turbiditic strata deposited well below storm-wave-base and the photic zone (see summary 

in Wood et al., 2003). Representatives of the Ediacara Biota from Avalonia are preserved 

as impressions on the top surfaces of large, meter- to tens of meters-square bedding 

planes beneath beds of volcanic ash (Conception-style preservation of Narbonne, 2005). 

Entire in situ communities of Ediacaran taxa are preserved on individual bedding planes 

resulting from the rapid lithification of volcanic ash. As the volcanic ash hardened, the 

impressions of the soft-bodied organisms were cast in the volcanic ash, and were 

subsequently infilled by the underlying muddy sediment, resulting in a positive 

impression on the upper surface of the bedding plane. Alternatively, if the organism 

decayed prior to ash lithification, an external mold of the  
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Figure 1.3: Geographic and stratigraphic distribution of Ediacaran fronds at Mistaken 

Point, Newfoundland. A) Map of Newfoundland displaying Bonavista and Spaniard’s 

Bay assemblages. B) Close-up from A demonstrating the geographic position of the 

localities sampled. C) Stratigraphic distribution of the Ediacaran fronds studied and 

localities sampled.
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bottom surface of the organism was filled with overlying ash, resulted in a negative 

impression on the top surface of the bed underlying the ash (Gehling and Narbonne, 

2007). In Ediacaran fronds, both positive (disc, stem, stalk, petaloid outlines) and 

negative (branches within petaloids, internal stalks) impressions are present, providing 

information about the structural rigidity of these organisms. The overwhelming majority 

of Ediacaran organisms from Mistaken Point and Bradgate Park comprise endemic 

members of the Rangeomorpha in addition to more cosmopolitan forms such as 

Charniodiscus.  

 

The Ediacaran faunas of the White Sea and Urals of Russia and the Flinders Ranges of 

South Australia contain the highest diversity and also the first probable examples of 

stem-group Bilateria (Fedonkin and Waggoner, 1997), and the first evidence of 

organisms capable of movement through the substrate as indicated by simple horizontal 

trace fossils. The Ediacara Biota in South Australia occurs in several localities but is 

typically restricted to the upper part of a single Formation, the Ediacara Member of the 

Rawnsley Quartzite (Gehling, 2000). The Rawnsley Quartzite comprises the upper part of 

the Pound Subgroup, which is the youngest part of the Wilpena Group and overlies the 

global Marinoan glacial tillite that marks the base of the Ediacaran Period. The Ediacara 

Member of the Rawnsley Quartzite consists of sandstone beds with wave-rippled tops 

and clayey silt partings, interpreted by Gehling (2000) to indicate an offshore ramp 

setting. The fossiliferous beds are interpreted as delta-front facies storm-event beds 

deposited above storm-wave-base. As with the South Australian distribution of the 

Ediacara Biota, the White Sea assemblage is known from several exposures, with the best 
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and most diverse assemblages occurring along the cliffs at Zimnie Gory within the Ust-

Pinega Formation (Martin et al., 2000). These siliciclastic deposits consist of three 

upward-coarsening sequences, radiometrically dated at 555 Ma (Martin et al., 2000). 

Sedimentary analyses indicate a shallow, siliciclastic, marine-dominated 

paleoenvironment located above storm-wave-base (Grazhdankin, 2004). Preservation of 

the Ediacara Biota in the White Sea and at Ediacara was achieved due to the vast 

expanses of microbial mats that covered Precambrian seafloors (Flinders-type 

preservation of Narbonne, 2005). Microbial mats restricted the transport of oxygenated 

waters into the underlying sand, and in the presence of decaying organic material (i.e. 

microbial mats and Ediacara Biota smothered by previous tempestites), sulphate trapped 

in the pore waters was reduced, resulting in bacterially precipitated iron coatings that 

form the basis of the preservational death mask (cf. Gehling, 1999). 

 

The Kuibis and Schwarzrand subgroups of Namibia constitute the youngest locality 

typified by impressions of Ediacaran fossils (549-543 Ma; Grotzinger et al., 1995; 

Narbonne et al., 1997). They host a series of low-diversity assemblages that include 

rangeomorphs (Rangea) and other “quilted pneus” (of Seilacher, 1985) such as 

Swartpuntia, Pteridinium, and Ernietta. Namibian localities also host the oldest 

representatives of skeletonized organisms such as Cloudina and Namacalathus. 

Ediacaran fossils from Namibia are all preserved by Nama-style taphonomy which 

consists of three dimensional casting within fine-grained storm or mass-flow event beds 

(Narbonne 2005). Sedimentological analyses led to the interpretation of the Kuibis and 
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Schwarzrand subgroups as shallow, wave- and storm-dominated environments (Jenkins, 

1985; Germs, 1995; Saylor et al., 1995; Narbonne et al., 1997).  

 

EDIACARAN FRONDS FROM MISTAKEN POINT, NEWFOUNDLAND, CANADA. 

A primary difficulty with a biologically based study of fossil organisms is ensuring a 

large and complete dataset that includes both juveniles and adults. South Australia, White 

Sea, Russia, and Namibia all host superbly preserved specimens of Ediacaran fronds. 

However, research on these sites is plagued by several difficulties: the samples are 

typically fragmentary, and not preserved in their entirety (i.e. either the disc, stem or 

petaloid is typically missing, or fragmentary); the samples are collected from float, and 

therefore entire communities of adults and juveniles are not found in close association; a 

low number of fossil frond specimens; and typically monospecific associations with low 

frond species diversity.  

 

In contrast, Mistaken Point, Newfoundland (Fig. 1.3), contains the most extensive 

collection of Ediacaran-type fossils in the world, with literally thousands of complete 

specimens spanning at least 10 million years of evolution (Narbonne et al., 2001; 

Narbonne, 2005). These organisms were periodically and rapidly smothered by volcanic 

ash, allowing for the preservation of complete census populations. No other locality in 

the world contains as many complete Ediacaran fronds, and provides a good overview of 

the diversity of frond taxa. Furthermore, Mistaken Point hosts the oldest known 

assemblage of Ediacaran fronds. This allows for the investigation of pivotal evolutionary 
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theories such as speciation and nutrient partitioning in the earliest community of 

macroscopic, animal-grade organisms.  

 

It should be noted that Mistaken Point strata have been subject to tectonic deformation, 

resulting in significant cleavage-perpendicular shortening (up to 40 percent) of all fossil 

specimens. This pervasive deformation has altered the shape of all fossil impressions on 

the bedding surface. However, the deformation of structures such as basal holdfasts, is 

regular and predictable. This strain can be retrodeformed through photographic (i.e. 

stretching the short axis of all oval structures back to their interpreted circular shape; see 

Fig. 2.4.2 and 2.4.3) or mathematical (by elongating the shortened axis through 

trigonometry) corrections as highlighted by Seilacher (1999) and Wood et al. (2003). All 

measurements presented in this research have been corrected for post-depositional strain.   

 

In order to limit the theft and damage of fossils from Mistaken Point Newfoundland, the 

provincial government has designated this area the Mistaken Point Ecological Reserve 

and it is currently under consideration for status as a U.N.E.S.C.O. World Heritage Site. 

All research performed at Mistaken Point was completed in accordance with the rules and 

regulations accorded to ecological reserves, and scientific research permits were granted 

by the Parks and Natural Areas Division, Government of Newfoundland and Labrador. 

Provincial law prohibits collection of fossil samples, but specimens collected by the 

Royal Ontario Museum prior to the ecological reserve designation were used in this 

study, of which several were selected as holotypes. All additional specimens used in this 

 13



  

study were photographed, latex moulded, and/or cast in plaster, providing the means for 

detailed measurements without damaging the outcrop. 

 

Due to their structurally complex bauplan consisting of several different (and 

measurable) anatomical regions, their ecological dominance in several Ediacaran-aged 

fossil communities, and their presence during the entire reign of the Ediacara Biota,  I 

investigated frond morphology through the use of qualitative morphological descriptions, 

rigorous quantitative morphometrics (mathematical descriptions of shape), and "landmark 

morphometrics" that allow for a more thorough depiction of the original 3D shape by 

statistically comparing morphologically significant features termed "landmarks". These 

techniques limit personal biases and maximize the amount of rigor associated with 

species descriptions and definitions. 

 

The results of my research are presented in four stand-alone papers, which have herein 

been divided into chapters.  Chapters 2—4 each describe a different frond architecture 

defined by their branching pattern as observed at Mistaken Point, Newfoundland. Each of 

these chapters has been accepted or will be submitted to an international journal. These 

individual studies permitted for the conclusions outlined in Chapter 5, which represents a 

synthesis of Ediacaran frond architecture and ecology worldwide. Chapter 5 was accepted 

for publication in an international paleontology journal.  
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Chapter 2 

MORPHOMETRIC ANALYSIS OF THE EDIACARAN FROND CHARNIODISCUS FROM THE 

MISTAKEN POINT FORMATION, NEWFOUNDLAND 

 

Modified from Laflamme, M., G. M. Narbonne and M. M. Anderson (2004). 

Morphometric analysis of the Ediacaran frond Charniodiscus from Mistaken Point, 

Newfoundland, Journal of Paleontology, 78: 827-837. 

 

ABSTRACT — Charniodiscus is a leaf-shaped Ediacaran (terminal Neoproterozoic) fossil 

with a worldwide distribution, but the scarcity of complete specimens has previously 

hindered evaluation of its taxonomy and ecology. The presence of hundreds of complete 

(fronds with stem and disc attached) Charniodiscus specimens from the Avalon Zone of 

Newfoundland has allowed for detailed morphometric analysis of Charniodiscus 

specimens and permits determination of characteristics which vary with growth (e.g., 

stem length, frond width, and disc diameter) versus those that reflect taxonomic 

differences (e.g., number of primary segments, presence of a distal spine, shape ratios). 

This has led to the recognition of three species of Charniodiscus in the Mistaken Point 

biota, including numerous specimens of two new taxa, C. procerus n. sp. and C. spinosus 

n. sp., and rare specimens of the Australian species C. arboreus. C. procerus n. sp. and C. 

spinosus n. sp. represent similar, yet ecologically distinct forms of upper-level filter 

feeders with diverging feeding strategies in order to reduce the competition for resources. 

Ratio plots and principal components analyses (PCAs) confirm the existence of five 

(possibly six) morphologically distinct species of Charniodiscus worldwide.  
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INTRODUCTION 

Charniodiscus Ford, 1958 is a leaflike frondose fossil that has become an icon of the 

terminal Neoproterozoic Ediacara Biota (575-543 Ma). This soft-bodied foliate organism 

consists of a segmented frond attached to a stem which was anchored to the seafloor by a 

basal attachment disc. Charniodiscus is most commonly compared to modern 

pennatulacean Cnidaria (Glaessner and Wade, 1966; Jenkins and Gehling, 1978; Gehling, 

1991; Jenkins, 1992; Jenkins, 1996), a view supported by Conway Morris’ (1993) report 

of Thaumaptilon walcotti Conway Morris, 1993, a Middle Cambrian Burgess Shale frond 

that is morphologically similar to Charniodiscus in many aspects but which preserves 

possible zooids. Others have regarded the similarity in form between Charniodiscus and 

modern pennatulaceans as reflecting a common ecology as stalked, benthic, colonial 

organisms and have suggested various affinities including prokaryotic colonies (Steiner 

and Reitner, 2001), sedentary ancestors of the ctenophores (comb jellies; Dzik, 2002), 

fruitating bodies of marine fungi (Peterson et al. 2003) or as representatives of the 

“Vendobionta,” which Seilacher regarded as an extinct Kingdom (Seilacher, 1992) or 

Phylum (Buss and Seilacher, 1994). Irrespective of the uncertainties in biological 

affinities, the ecological structure of Mistaken Point Ediacaran communities imply that 

Charniodiscus was a suspension feeder that elevated its frond above the seafloor to 

harvest food from the water column (Clapham and Narbonne, 2002; Clapham et al., 

2003). 

 

Charniodiscus has had a confused nomenclatural history. The genus was originally 

described from Charnwood Forest, England, as a disc-like organism with a rough-
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surfaced central boss surrounded by multiple concentric rings (C. concentricus Ford, 

1958). Ford also erected the taxon Charnia masoni Ford, 1958 based on a well-preserved 

frond, and in some figures showed the Charnia Ford, 1958 frond and the Charniodiscus 

disc as elements of the same organism or colony (Ford, 1958, 1962). Later work (Ford, 

1962, 1963) revealed that the holotype of Charniodiscus was attached to a distal 

projection of a cylindrical stem leading into a foliate structure with microstructure that 

differed significantly from the holotype of Charnia. Jenkins and Gehling (1978) 

distinguished Charnia and Charniodiscus on the basis of the small-scale branching 

pattern in their respective fronds, a view that has been supported by virtually all 

subsequent workers.  

 

Australian specimens originally referred to Arborea Glaessner and Wade, 1966 were 

synonymized with Charniodiscus on the basis of similarities in form and microstructure 

(Jenkins and Gehling, 1978). Both C. concentricus and A. arborea (Glaessner in 

Glaessner and Daily, 1959) consist of a frond attached by a stem to a circular disc. Fronds 

of these two taxa are similar in exhibiting 30-50 primary branches alternating or opposed 

along the prominent central stalk, with subdivision of the primary branches by multiple 

perpendicular secondary branches. Pronounced curvature in the direction of the primary 

branches and the marked decrease in width of these branches towards the tip of the frond 

in C. concentricus were regarded by Jenkins and Gehling (1978) as being only of species-

level significance. One potential difference between the Australian Arborea specimens 

and the Charnwood specimen of Charniodiscus is in the number of foliate sheets or 

leaves attached to the central stalk. All Australian specimens are clearly bifoliate (Jenkins 
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and Gehling, 1978); however, Dzik (2002) speculated that structure on C. concentricus, 

originally interpreted by Jenkins and Gehling (1978, figs. 2, 4) as representing 

overfolding of a bifoliate sheet, might instead reflect a multifoliate structure similar to 

that exhibited in fronds such as Rangea Gürich, 1930 (Jenkins, 1985) and Swartpuntia 

Narbonne, Saylor and Grotzinger, 1997. Dzik’s (2002) evidence of a multifoliate 

structure in the holotype of C. concentricus is suggestive but inconclusive and, until more 

definitive material is available, we follow Jenkins and Gehling (1978) in referring 

Arborea to Charniodiscus.  

 

In addition to Charnwood Forest (Ford 1958, 1962, 1963, 1999; Boynton and Ford, 1995) 

and South Australia (Glaessner and Daily, 1959; Glaessner and Wade, 1966; Jenkins and 

Gehling, 1978; Gehling, 1991; Jenkins, 1992, 1996), Charniodiscus has been 

documented from the White Sea of Russia (Fedonkin, 1985), the Wernecke Mountains of 

northwestern Canada (Narbonne and Hofmann, 1987), and from the Mistaken Point 

Formation in Newfoundland (Fig. 2.1; Jenkins, 1992; Seilacher, 1992; Narbonne et al., 

2001). However, complete specimens are exceedingly rare, with only two complete (Fig. 

2.2; disc, stem, and frond) specimens described from outside Newfoundland (Ford, 1962, 

1963; Jenkins and Gehling, 1978; Jenkins, 1996). This has hindered attempts to deduce 

the taxonomy and biology of Charniodiscus.  

Eastern Newfoundland is unique in containing thousands of complete fronds, including 

hundreds of complete Charniodiscus specimens (Narbonne et al., 2001; Clapham et al., 

2003). Finer structural characteristics are poorly preserved compared to Australian 

specimens (e.g., see Jenkins 1996), but they are sufficient to identify the specimens as  
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Charniodiscus. This paper will utilize the large number of complete specimens of 

Charniodiscus available at Mistaken Point and elsewhere in the Avalon Peninsula of 

Newfoundland (Fig. 2.1) to determine the growth patterns, inter- and intraspecific 

variability, and evolution of Charniodiscus.  

 

GEOGRAPHIC AND STRATIGRAPHIC SETTING 

The fossiliferous strata examined in this study are located in the Avalon Zone of 

southeastern Newfoundland, Canada (Fig. 2.1.1). The Avalon Zone is an exotic terrane 

that formed the western part of Avalonia, a microcontinent that was located off the coast 

of Amazonia during the terminal Proterozoic (Nance et al., 1991; Murphy et al., 1999; 

Murphy et al., 2002). All available reconstructions place the Mistaken Point biota of 

western Avalonia in close proximity to the Charnwood biota of eastern Avalonia, a view 

supported by biogeographic analyses emphasizing the similarity of their Ediacaran biota 

(Waggoner, 1999). Available U-Pb dates for the Mistaken Point biota vary from 575-565 

Ma (Benus, 1988; Bowring et al., 2003), indicating that they predate the well-known 

Ediacaran biotas of Australia, the White Sea, and Namibia, and that these are the oldest 

Ediacaran fossils known (Martin et al., 2000; Narbonne and Gehling, 2003).  

 

All specimens of Charniodiscus in this study are from the Mistaken Point Formation, 

which forms the uppermost formation of the Conception Group. Sedimentological studies 

imply that the Mistaken Point biota lived in a deepwater environment well below storm 

wave-base (Misra, 1971, 1981; Benus, 1988; Narbonne et al., 2001; Wood et al., 2003). 

The Mistaken Point Formation is dominated by fine to medium grained turbidites 
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interspersed with thin interturbidite siltstone beds that contain the fossil horizons 

(Narbonne et al., 2001; Wood et al., 2003). These fossil beds are covered by a veneer of 

volcanic ash, which smothered the frondose organisms and accelerated the lithification 

process, thereby allowing for the preservation of high-relief fossil fronds on upper 

bedding-plane surfaces (Narbonne et al., 2001). In addition to the volcanic ash, microbial 

mats preserved as “old elephant skin” wrinkles on the fossil-bearing surfaces (Wood et 

al., 2003) also acted to accelerate the sediment lithification by initiating mineral 

encrusting on the organic material and by cementing the surrounding sediment, resulting 

in the preservational “death masks” of Gehling (1999). The crystal size of the tuff 

preserving the fossils limits the fidelity of the finer structure discernible in Mistaken 

Point fronds (Narbonne et al., 2001; Narbonne and Gehling, 2003). The volcanic ash 

preferentially preserved organisms/structures closest to the seafloor. Any ash sandwiched 

between a specimen and the microbial mat reduced the preservation quality, therefore 

restricting preservation to benthic organisms or parts of benthic organisms closest to the 

seafloor. This taphonomic character of the Mistaken Point assemblage explains the 

decreasing quality of preservation distally within a specimen, from the well preserved 

basal attachment disc through the moderately preserved stem to the poorly preserved 

frondose region, and accounts for the restricted preservation of finer secondary structure 

to the first few proximal primary branches. Unlike the Ediacara Hills of Australia and the 

White Sea of Russia, where fossils were typically preserved as positive hyporeliefs on the 

underside of sandstone event-beds, the Mistaken Point specimens were preserved as 

positive epireliefs on the upper surfaces of fine-grained siltstone bedding planes.  
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Ediacaran fossils at Mistaken Point were first reported by Anderson and Misra (1968) 

and Misra (1969), and these and subsequent studies figured some of the frondose fossils 

described in this paper under a variety of mostly informal names (see synonymy herein). 

The present study is based on specimens from the Mistaken Point Formation in southern 

Avalon (Fig. 2.1.1, localities 1 – 4) and along the coast of Spaniard’s Bay in the northern 

Avalon Peninsula (Fig. 2.1.1, locality 5). Specimens occur on several surfaces in the 

Mistaken Point and Trepassey Formations, but the best-preserved specimens occur on 

two large surfaces: the Lower Mistaken Point surface 23 m above the base of the 

formation (Fig. 2.1.1 locality 1) and the classic “E-surface” located 74 m below the top of 

the formation (Fig. 2.1.2, locality 2). The biotic compositions of these surfaces have been 

described by Clapham and Narbonne (2002) and Clapham et al. (2003). A volcanic ash 

bed directly overlying the E-surface was dated at 565±3 Ma (Benus, 1988), providing a 

precise date for this assemblage. Specimens from Spaniard’s Bay (Fig. 2.1.1, locality 5) 

are also from the Mistaken Point Formation, but extensive faulting precludes precise 

determination of their stratigraphic placement within the Formation.  

 

METHODS 

Study in the Mistaken Point Formation permits the comparison of large numbers of 

fronds in outcrop, with hundreds of Charniodiscus specimens visible on many different 

surfaces (Fig. 2.3.1; Clapham et al., 2003). The abundance of complete specimens on 

multiple surfaces allows for morphometric descriptive characters that supplement and 

refine the diagnosis of Charniodiscus and allow for comparisons between specimens 

from around the world. The 28 best-preserved specimens at Mistaken Point (Fig. 2.1.1,  
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localities 1 – 3) were photographed, latex moulded, and cast in plaster, providing detailed 

measurements without damaging the outcrop. Their occurrence within an ecological 

reserve provides protection and prohibits collection, but four specimens previously 

collected by the Royal Ontario Museum (ROM) are included in this study, two of which 

were selected as holotypes. Ten specimens from Spaniard’s Bay (Fig. 2.1.1, locality 5) 

were also photographed and included in this study. Morphological characters measured in 

this study are illustrated in Figure 2.2.  

 

Mistaken Point strata throughout the Avalon Peninsula have been subject to tectonic 

deformation, which has resulted in a significant (up to 40 percent) shortening 

perpendicular to cleavage of all fossil specimens, changing the shape and orientation of 

all structures measured from the surfaces (Seilacher, 1999; Wood et al., 2003). This 

deformation can be corrected by applying photographic or mathematical corrections 

termed retrodeformation (see Wood et al., 2003 for rationale and the formulas used in the 

morphological correction). Retrodeformation of these measurements restores the present 

oval attachment discs to their original circular form and rectifies all shape and angular 

relationships to original values (compare Figs. 2.4.2, 2.4.3). All measurements presented 

in this paper have been retrodeformed.  

 

SYSTEMATIC PALEONTOLOGY 

Genus CHARNIODISCUS Ford, 1958 

Type species — Charniodiscus concentricus Ford, 1958. 
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Diagnosis — A tapering, strongly lanceolate to ovate frond attached to a basal disc by a 

cylindrical stem.  Frond bifoliate, with eight to more than 60 pairs of parallel primary 

branches diverging at 45 – 90 degrees from each side of a central stalk in an alternate or 

opposite pattern to end at an undivided rim at the outer margin of the frond. Primary 

branches joined together by a single basal sheet, with each subdivided into secondary 

elements arranged perpendicularly and tertiary structures arranged parallel to the primary 

branches. Basal disc typically bipartite, with a central boss surrounded by an outer rim 

that is smooth or exhibits fine concentric rings and/or radial markings. 

 

CHARNIODISCUS PROCERUS new species 

Figure 2.3.1 (partim), 2.3.2-2.3.4 

“Leaf shaped organism” MISRA, 1969 (partim) pls. 3d, 4b, and 5b. 

“Charniodiscus concentricus” JENKINS, 1992, p. 138-139, fig. 4c. 

“Erect elevators not yet formally described” SEILACHER, 1992, figs. 1 (partim), 2 

(partim), 3. 

“Pennatuloid organism with stalk and holdfast” CONWAY MORRIS, 1989, p. 16 fig. 2.4e. 

“Charniodiscus sp.” NARBONNE, DALRYMPLE, AND GEHLING, 2001, p. 26, pl. 1h (partim). 

“Charnia / Charniodiscus” PETERSON, WAGGONER, AND HAGADORN, 2003, p. 129, fig. 

1a. 

 

Diagnosis — Charniodiscus with less than 15 primary branches. Prominent, well-defined 

stem representing greatest portion of length. Frond lanceolate and typically bent to one 

side of stem. 
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Description — Basal attachment disc circular, 16 – 54 mm (mean 33 mm) in diameter, 

unornamented, and consisting of smooth outer region lacking concentric rings and central 

boss to which stem attaches. Central boss with higher relief than smooth outer rim. High 

frond length–disc diameter ratio (mean 2.95).  

 

Stem 31 – 136 mm (mean 69 mm) long and joins high-relief central boss of disc to foliate 

main body. Stem cylindrical and forms V-shaped attachment region at base of frond. 

Stem represents greatest portion of total length of organism. Low frond length–stem 

length ratio (mean 1.55). 

 

Lanceolate frond complex and ornamented, 47 – 154 mm (mean 93 mm) long and 15 – 

57 mm (mean 36 mm) wide, composed of two identical half-leaf-shaped foliate structures 

joined together along central stalk. Stem continues into frond forming distally tapering 

stalk. From stalk extend eight – 14 subparallel laterally directed primary branches, 

situated along stalk and diverging at 45 – 90 degrees. Primary branches parallel to sub-

parallel-sided and all of approximately the same width throughout the frond. Frond an 

integral foliate structure or forming a complete sheet. Distal tip of frond unornamented. 

High frond length–frond width ratio (mean 2.63). 

 

Etymology — “procerus,” tall and slender, refers to the prominent tall and slender stem.  
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Types — Holotype ROM 36046 (Fig. 2.3.2) collected from the “E-surface” of the 

Mistaken Point Formation at Mistaken Point (Fig. 2.1.2, locality 2). Other specimens 

collected from the Mistaken Point Formation at Mistaken Point include ROM 54356 from 

the “E-surface,” ROM 36059 from Long Beach (Fig. 2.1.2. locality 3), and ROM 54353 

from an unknown level within the Mistaken Point Formation. Collection supplemented 

by field observations of several hundred uncollectible specimens, 11 of which were 

selected for detailed study from photographs and/or latex peels.  

 

Measurements — Holotype, 35.5 mm basal attachment disc with high relief central boss. 

Stem well defined and 88 mm long. Frond length 154 mm and width 57 mm, with 13 

primary branches on each side of the raised central stalk.    

 

Occurrence — C. procerus n. sp. is only known from the upper part of the Mistaken 

Point Formation and the overlying Trepassey Formation (Fig. 2.1.2 locations 2—4), 

Newfoundland, Canada. The main fossil surface is dated at 565±3 Ma (Benus, 1988). 

 

Discussion — In C. procerus n. sp., the stem represents the majority of the length of the 

specimen. The taxon resembles C. concentricus Ford, 1958, C. arboreus Glaessner, 1959, 

and C. oppositus Jenkins and Gehling, 1978 in terms of size and overall shape, although 

the limited number of primary branches and prominent stem are demonstrated in this 

morphometric study to be of taxonomic significance and allow for its distinction.  
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CHARNIODISCUS SPINOSUS new species 

Figures 2.2.1, 2.2.2, 2.3.1 (partim), 2.4.1-2.4.4 

“Leaf shaped organism” MISRA, 1969, (partim) p. 2137, fig. 2, pls. 1d, h, and 8a. 

“Charniodiscus sp.” JENKINS, 1992. p. 138-139, fig. 4g. 

“Erect elevators not yet formally described” SEILACHER, 1992, figs. 1 (partim), 2 

(partim). 

“Charniodiscus sp.” NARBONNE, DALRYMPLE, AND GEHLING, 2001, p. 26, pl. 1b, h 

(partim). 

“A “frond“ Charniodiscus” WAGGONER, 2003, fig. 1a (partim). 

 

Diagnosis — Charniodiscus with less than 15 branches. Frond ovate, aligned with stem, 

and terminated by prominent spine. 

 

Description — Basal attachment disc similar to C. procerus n. sp. , 39 – 164 mm in 

diameter (mean 44 mm). Low frond length-disc diameter ratio (mean 2.58). 

 

Stem joins disc to foliate main body. Stem 5 – 57 mm (mean 22 mm) long, but poorly 

preserved and commonly missing. High frond length-stem length ratio (mean 5.77). 

 

Ovate frond 39 – 164 mm (mean 100 mm) long and 18 – 98 mm (mean 52 mm) wide, 

and similar to C. procerus n. sp. in complexity and ornamentation.  Primary branches 

separated by distinct furrows and composed of multiple secondary lobes (Fig. 2.4.1) 

throughout entire length of primary branches. Secondary lobes subperpendicular to 
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primary branches and also separated by secondary furrows. Distal tip of frond 

ornamented with a 6 – 53 mm (mean 18 mm) long spine. Low frond length-frond width 

ratio (mean 1.99). 

 

Etymology —“spinosus” refers to the distinctive spine located at the distal apex of the 

frond.  

 

Types —Holotype ROM 36047 (Fig. 2.3.7) collected from the upper part of the Mistaken 

Point Formation at Mistaken Point (Fig. 2.1.1, locality 2). Collection supplemented by 

hundreds of field observations, 28 of which were selected for detailed study from 

photographs and/or latex peels.  

 

Measurements — Basal attachment disc 74.5 mm in diameter. Stem (poorly preserved), 

27 mm long. Frond 167 mm long and 98 mm at its widest and with nine well-defined 

primary branches. Terminal spine 24 mm long.  

 

Occurrence — C. spinosus n. sp. occurs throughout the Neoproterozoic Mistaken Point 

Formation (Fig 2.1.2 locations 1 – 3), Newfoundland, Canada.  

 

Discussion — The spine represents the furthest extension of the stalk. The fronds are 

wider and typically longer than C. procerus n. sp. and result in a larger surface area. 

Although the disc diameter increases with age, the comparatively greater surface area of 

the frond in C. spinosus n. sp. may explain the relatively larger diameter in the basal 
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anchoring disc when compared to C. procerus n. sp. The larger surface area of the frond 

is coupled with a larger attachment disc in order to reduce toppling from the 

unidirectional deep-sea contour currents (Wood et al., 2003). In C. spinosus n. sp., the 

frond represents the majority of the length of the specimen.  

 

CHARNIODISCUS ARBOREUS (Glaessner in Glaessner and Daily, 1959) 

Figure 2.4.5 

“Rangea arborea” GLAESSNER IN GLAESSNER AND DAILY, 1959, p. 403, 404, and 406, 

pls. 18.2, 18.3, 19.2, and 21.1.   

“Arborea arborea” GLAESSNER AND WADE, 1966, p. 623, pl. 102, figs. 1, 2. 

“Charniodiscus arboreus” JENKINS AND GEHLING, 1978, p. 350, fig. 3.  

“Charniodiscus arboreus” GLAESSNER IN MOORE, ROBINSON, TEICHERT, KEIM, 

MCCORMICK AND WILLIAMS, 1979, p. 100, fig. 12.2c.  

“Charniodiscus arboreus” JENKINS, 1996, p. 36, figs. 4.2a, b, 4.3.  

“Charniodiscus arboreus” NARBONNE, DALRYMPLE, AND GEHLING, 2001, p. 26, pl. 1d. 

“Charniodiscus (Arborea) arborea” DZIK, 2002, p. 323, fig. 4.  

 

Diagnosis — Charniodiscus with ovate frond and more than 20 primary branches 

alternating on either side of stalk. Primary branches approximately same width 

throughout frond, with distal branches only slightly narrower than proximal equivalents. 

 

Description — Basal attachment disc circular, 3.1 mm in diameter. Stem 7.5 mm long 

and cylindrical. Frond 30.5 mm long and 7.8 mm wide, complex and ornamented. 
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Twenty three primary branches alternating on either side of stalk. Outer rim of frond 

thick and curled up.  

 

Material Examined — One complete specimen (ROM 36504) from a loose block 

collected near Portugal Cove South (Fig. 2.1.1). The block does not resemble the local 

lithology, but is reminiscent of some fossiliferous surfaces in the Briscal Formation.    

 

Discussion — The large number of alternating primary branches is typical of Australian 

forms of C. arboreus and differs significantly from other Newfoundland specimens of 

Charniodiscus. Specimens of neither C. arboreus nor the two new species of 

Charniodiscus from Newfoundland exhibit fractal quilting as depicted in figure 1 of 

Seilacher (1992).  

 

MORPHOMETRICS 

The presence of numerous specimens of Charniodiscus procerus n. sp. and C. spinosus n. 

sp. in the same formation and commonly occurring on the same bedding surfaces (Fig. 

2.3.1) provides the opportunity to evaluate the distinctiveness and significance of the two 

species. Morphometrics is the mathematical comparison of linear distances within 

specimens that allows for the differentiation of size and shape (Reyment et al., 1984). A 

multivariate morphometrical analysis of a sequential growth series provides insight into 

the mechanisms governing the changes from juveniles to adults, and provides additional 

information necessary for the elucidation of Ediacaran affinities.  
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Ediacaran organisms lack growth lines, instars, or other clear evidence of age, and 

therefore, following accepted practices for fossil groups ranging from brachiopods to 

dinosaurs (Jones, 1974; Maisano, 2002), length was used as a proxy for age.  The length 

of the frond was measured from the junction of the stem and the foliate leaf to the 

rounded distal margin of the frond, excluding the spine if present (Fig. 2.2). Additional 

measurements include the width of the frond, the length of the stem, and disc diameter 

(Fig. 2.2). In specimens where the stem was poorly preserved or not visible, the space 

between the outer rim of the disc and the basal margin of the frond was taken to represent 

the stem length. Additional characters evaluated include the number of primary branches 

and the presence of a terminal spine at the distal margin of the frond leaves (Fig. 2.2). 

The coefficient of determination (R2) represents the percent of the variation that is 

explained by the regression equation (Jongman et al., 1999). Initial analyses were 

conducted with the assumption that all Charniodiscus specimens represented a single 

species, and were therefore not differentiated. The segregation of the data into two 

disparate, albeit sometimes overlapping, populations supported the hypothesis that two 

species were present at Mistaken Point, and isolated characters (most notably the 

presence of a distal spine in C. spinosus and the relatively longer stem in C. procerus) 

that helped in their differentiation.  

 

Cross plots of these measurements (Fig. 2.5) permit evaluation of the distinctiveness of 

the two taxa and their mode of growth. Cross plot of frond length versus stem length (Fig. 

2.5.1) reveal a clear separation between C. procerus n. sp. and C. spinosus n. sp., with 

little overlap between these species. Juveniles of these two species overlap in cross plots  
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of frond length versus width (Fig. 2.5.2) and frond length versus disc diameter (Fig. 

2.5.3), but there is increasing disparity between these species with age. Minimal overlap 

between both populations occurs in mature species of C. procerus n. sp. and C. spinosus 

n. sp.  A consistently lower R2 was found when comparing the coefficients representing 

both species combined to that for both forms independently, with the exception of C. 

procerus n. sp. when plotting the frond length versus the disc diameter (Fig. 2.5.3). The 

strong R2 value for C. spinosus n. sp. (R2 of 0.88 compared to a total R2 of 0.73) validates 

the species segregation despite the low R2 value for C. procerus n. sp. (R2 of 0.50). Frond 

width, stem length, and disc diameter all increase linearly with frond length, albeit at 

different rates for the two species (Fig. 2.5). Stem length increases much more rapidly in 

C. procerus n. sp., whereas frond width and disc diameter increase relatively faster in C. 

spinosus n. sp. These characters represent the differences in form allowing for the 

distinction between the two species.  

 

In contrast with these characters, which show an inflationary increase with age, the 

number of primary branches is nearly constant (between eight – 14, mean 10) throughout 

growth in both species (Fig. 2.5.4). There is a slight tendency for larger specimens to 

have more branches, but this may in part reflect the greater ease of counting in larger 

specimens, and in the greater chance of preservation of such structures in larger 

specimens. Similarity in the number of primary branches in C. procerus n. sp. and C. 

spinosus n. sp. implies that they are more closely related to each other than they are to 

other species of Charniodiscus (Figs. 2.5.4, 2.7.2, 2.7.3). Consistency in number of 

branches irrespective of the size of the frond within C. procerus n. sp. and C. spinosus n. 
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sp. suggests that the number of branches in the Mistaken Point Charniodiscus was 

achieved very early in the growth of the frond, and that all later growth was strictly by 

inflation. Indeed, the smallest complete frond of C. spinosus n. sp., only 39 mm long, 

already displays the adult number of nine primary branches, and adult numbers of 

branches are also seen in other small specimens of C. procerus n. sp. (Fig. 2.3.4). 

 

MULTIVARIATE ANALYSIS 

The analysis demonstrated in the ratio plots (Fig. 2.5) confirms the existence of two 

unique Charniodiscus populations in Mistaken Point, but these plots only allow for 

bivariate comparisons. The multivariate nature of growth and shape requires a more 

complex analysis in which multiple distance measurements could be simultaneously 

compared. Due to the linear nature of the growth series, a principal components analysis 

(PCA) of a standard correlation matrix was performed on the data. PCA allows for the 

partitioning of morphological variation into components that independently describe size 

and shape variation (Strauss and Bookstein, 1982; Somers, 1986; James and McCulloch, 

1990; Cadima and Jolliffe, 1996). The first analysis performed compared all four distance 

measurements in addition to the presence of a terminal spine and the number of primary 

branches (Table 2.1.1). The first principal component (PC 1) represents the growth 

vector, which was strongly influenced by the frond length and width, and disc diameter 

(Fig. 2.6). This first axis accounted for 47 percent of the variance within the 

Charniodiscus populations, and places the juveniles (smallest) specimens on the left, and 

the adult (largest) specimens on the right. PC 2 accounts for an additional 30 percent of 

variance and is considered the “size-free” vector describing the overall shape of the  

 37





  

fronds (Table 2.1.1; Somers, 1986; Cadima and Jolliffe, 1996). The shape vector is 

primarily influenced by the stem length and the presence of a spine. The second axis is 

responsible for the segregation of both species, with C. spinosus n. sp. located at the top 

of the diagram due to a shorter stem and presence of a spine, and C. procerus n. sp. 

located in the lower left corner due to the extended length of the stem and the absence of 

a spine. The higher degree of clustering in C. spinosus n. sp. is a function of the more 

consistent stem length. C. procerus n. sp. is highly variable in terms of stem length, 

resulting in a more open distribution.  

 

In order to compare the Mistaken Point specimens to all other complete specimens of 

Charniodiscus, a second analysis (Table 2.1.2; Fig. 2.7.1) evaluates the same characters 

as previously described, but with the addition of the only specimen available of C. 

concentricus, and both the Mistaken Point and Australian specimens of C. arboreus, 

representing the only complete specimens of C. arboreus for which data are available. 

Both PC axes add to the already apparent split in the populations, since the terminal 

“spine” character is restricted to C. spinosus n. sp. and the number of primary branches 

are also limited (maximum fifteen) in the Mistaken Point populations. Size remains an 

important variable along PC 1, and serves to separate the juvenile specimens of C. 

arboreus from Newfoundland from the very large specimen of C. arboreus from 

Australia. By analyzing the specimens on size-free vectors of morphological shape (PC 2 

and PC 3), the growth vector (PC 1) is removed and only the shape differences are 

compared (Fig. 2.7.2), emphasizing the similarity in shape between the two specimens of 

C. arboreus. The isolation of the four species studied into nonoverlapping groups  
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supports the hypothesis that both C. procerus n. sp. and C. spinosus n. sp. are valid 

species and morphologically distinct from C. arboreus and C. concentricus. C. oppositus 

Jenkins and Gehling, 1978 and C. longus Glaessner and Wade, 1966 could not be 

included in this analysis due to the fragmentary nature of all described specimens. In an 

attempt to include more specimens and Charniodiscus longus, and to eliminate the 

growth vector which dominates Figures 2.6 and 2.7.1, a third PCA was run exclusively 

on features and ratios of the frond (Table 2.1.3; Fig. 2.7.3). Stem length and disc diameter 

were removed as characters, and the frond width versus frond length ratio was used 

instead of both characters independently. The “number of primary branches” vector, 

coupled with the “presence of spine” and “frond width versus frond length ratio” vectors 

clearly isolate the two new species from all other previously described species of 

Charniodiscus (Fig. 2.7.3). The combination of growth patterns and morphological 

characters allows for a robust means of species differentiation even when specimens lack 

a preserved disc and stem. 

 

COMPARISONS 

The combination of morphometric and morphological characters supports the assumption 

that there are (excluding fragmentary specimens of C. oppositus and C. planus) at least 

five valid species of Charniodiscus presently known worldwide, because the five species 

plot into five distinct groups with no overlap or misidentified specimens (Table 2.2; Fig 

2.7.3). As suggested in Jenkins and Gehling (1978), morphological structure of the foliate 

frond is important in defining the different species of Charniodiscus, although distance 

ratios are also required.  
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The primary character that best differentiates between Charniodiscus species is the 

number of primary branches (Table 2.2). Two categories are present: 1) less than fifteen 

primary branches and 2) greater than twenty primary branches. The first category 

distinguishes C. procerus n. sp. and C. spinosus n. sp. from all other known species. 

Further differentiation between both species is based on the terminal spine and the large 

frond width versus stem length ratio in C. spinosus n. sp. and the long prominent stem in 

C. procerus n. sp.  

 

Specimens with more than twenty primary branches are segregated into the second 

category. The strongly lanceolate to almost linear frond shape and a very large number of 

primary branches (forty or more even in the incomplete specimens available) are 

diagnostic of C. longus. Further subdivision of the second category is based on the width 

of the primary branches, which decreases distally only slightly in C. arboreus, but 

markedly in C. concentricus (Jenkins and Gehling, 1978). C. oppositus is known only 

from incomplete fronds and is regarded by Jenkins and Gehling (1978) as being 

distinguished from the otherwise similar species of C. arboreus by exhibiting an opposite 

rather than alternate branching pattern. C. planus Sokolov, 1973 could not be defined, as 

it is represented by a single circular disc with no evidence of an attached frond.  

 

TAXONOMIC AND ECOLOGICAL IMPLICATIONS 

As demonstrated above, multivariate morphometrics strongly support observational 

evidence that two morphologically distinct populations of Charniodiscus are present in 
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the Mistaken Point Formation. Taphonomic factors can artificially increase the variability 

of soft-bodied Ediacaran taxa, resulting in difficult taxonomy and oversplit taxa (Gehling 

et al., 2000), but in the present analysis this seems unlikely. C. procerus n. sp. and C. 

spinosus n. sp. commonly occur in close association on the same bedding plane (Fig. 

2.3.1), no intermediate forms exist in the adult populations, and it is virtually impossible 

to deform structurally one morph into the second. For these reasons, the existence of two 

forms cannot be explained as a preservational artifact. 

 

It also seems unlikely that these forms represent different life stages of the same species. 

In contrast with the well-documented alternation of generation seen in modern Cnidaria, 

C. procerus n. sp. and C. spinosus n. sp. are too morphologically and functionally similar 

to warrant identification as two distinct life stages. Both forms consist of nonmotile, 

benthic, filter feeders that relied on an elevated frond to gather nutrients from the water 

column. With the exception of feeding from slightly different levels, both forms are 

structurally similar. In addition, juvenile forms of both taxa exist and can be 

independently traced into adult forms. The absence of any clear sexual characters 

between C. procerus n. sp. and C. spinosus n. sp., and the apparent absence of C. 

procerus n. sp. from the lower half of the Mistaken Point Formation despite the 

abundance of C. spinosus n. sp. in these strata, are also inconsistent with the view that 

these forms were sexual dimorphs of a single species.  

 

The present evidence suggests that C. procerus n. sp. and C. spinosus n. sp. represent two 

distinct species. Since C. procerus n. sp. is unknown from the lower part of the Mistaken 
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Point Formation, it may be argued that this species is a late arrival to the Mistaken Point 

region originally dominated by C. spinosus n. sp., although as indicated in the 

morphometric analyses (Fig. 2.5.4), both forms have the same number of primary 

branches, a characteristic demonstrated to be important in differentiating Charniodiscus 

species (Fig. 2.7.2, 2.7.3). Similarities in growth series, in addition to likeness in form in 

juvenile specimens in both species, suggests that the Mistaken Point species represent a 

sympatric speciation event in which the need to partition limited resources led to the 

differentiation of both forms.  

 

It has been previously demonstrated that epifaunal tiering is a strong component of the 

Mistaken Point assemblage (Clapham and Narbonne, 2002), and this is also evident 

among the species of Charniodiscus in the Mistaken Point Formation. The two 

Charniodiscus species effectively partitioned the water column (Fig. 2.8): C. procerus n. 

sp. elevated the feeding structure above the lower tiers by constructing a longer stem, 

restricting feeding to the uppermost portion of the water column and sacrificed frond area 

in favor of a long, sturdy stem, whereas C. spinosus n. sp. increased the surface area of its 

feeding structure by constructing a longer and wider frond while remaining within the 

lower tier. Although the feeding strategies overlapped in juveniles, competition among 

adults was minimal, as both species effectively fed from different tiers in the water 

column.  

CONCLUSIONS 

The predominance of complete Charniodiscus specimens allows for the construction of 

growth series which segregates structures that vary with age from characters that are  
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taxonomically distinctive. Based on the ontogenetic series, two distinct growth strategies 

were determined, which reflect two new species, C. procerus n. sp. and C. spinosus n. sp. 

The numbers of primary branches, in addition to morphologic characters such as the 

terminal spine, are diagnostic attributes which differentiate the Mistaken Point forms 

from other Charniodiscus species from around the world. Morphometrical and 

morphological characters were compared in species of Charniodiscus allowing for 

differentiation of C. longus, based on the strongly lanceolate frond shape and the small 

frond width versus frond length ratio; C. concentricus, based on the significantly smaller 

distal primary branches; C. arboreus, with alternating primary branches; and possibly C. 

oppositus, with opposing primary branches.   

 

The application of morphometrics distinguished two feeding strategies within the 

Charniodiscus population at Mistaken Point. By feeding from different tiers, the adult 

forms of both species effectively reduced the competition for resources and represent two 

similar, ecologically distinct forms of stalked filter feeders. The competition for resources 

in this deep-water community resulted in the sympatric speciation of Charniodiscus into 

two morphologically distinct species.  
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1) PCA of Charniodiscus procerus and C. spinosus  
    
Characters/Eigenvectors PC 1 PC 2 PC 3 
Frond length  0.536 -0.200 0.221 
Frond width 0.570 0.016 -0.046 
Stem length 0.020 -0.710 0.116 
Disc diameter 0.564 -0.106 -0.149 
Number of branches 0.046 0.255 0.934 
Spine 0.260 0.617 -0.205 
Percent variance for each axis 47.49% 29.84% 16.67% 
    
2) PCA of Charniodiscus procerus, C. spinosus, C. concentricus, and C. arboreus.  
    
Characters/Eigenvectors PC 1 PC 2 PC 3 
Frond length  0.555 -0.154 0.045 
Frond width 0.571 0.084 0.098 
Stem length 0.027 -0.655 -0.525 
Disc diameter 0.554 -0.020 -0.227 
Number of branches 0.217 -0.148 -0.484 
Spine 0.106 0.720 -0.489 
Percent variance for each axis 47.46% 27.42% 19.03% 
    
3) PCA of Charniodiscus procerus, C. spinosus, C. concentricus, C. arboreus, and C. 
longus. 
    
Characters/Eigenvectors PC 1 PC 2 PC 3 
Frond width / Frond length ratio 0.618 0.191 0.763 
Number of branches -0.527 0.820 0.222 
Spine 0.583 0.539 -0.608 
Percent variance for each axis 65.08% 21.71% 13.21% 

 

Table 2.1—First three eigenvalues and percent variance for each principal components 
analysis (PCA).
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1) Charniodiscus with fewer than 15 opposite primary branches. 
a. Prominent, well-defined stem representing greatest portion of length. 
Frond lanceolate and typically bent to one side of stem.  C. procerus 
b. Lanceolate to ovate frond, aligned with stem, terminated by spine along 
distal margin of frond. Short, typically poorly preserved stem. C. spinosus 

2) Charniodiscus with more than 20 opposite or alternate primary branches. 
a. Long and narrow, strongly lanceolate to linear frond. C. longus 
b. Distal primary branches with significant decrease in width. Lanceolate 
frond. C. concentricus 
c. Primary branches with little decrease in width distally. Ovate frond. 

i. Primary branches alternating on either side of central stalk. C. 
arboreus 
ii. Primary branches opposing on either side of central stalk. C. 
oppositus 

 
Table 2.2—Key to Charniodiscus species. 
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Chapter 3 

MORPHOLOGY AND TAPHONOMY OF AN EDIACARAN FROND:  

CHARNIA FROM THE AVALON PENINSULA OF NEWFOUNDLAND 

 

Modified from Laflamme, M., G. M. Narbonne, C. Greentree, and M. M. Anderson. 

(2007) The Ediacaran frond Charnia from the Avalon Peninsula, Newfoundland, in 

Vickers-Rich, P. & Komarower, P (eds) 2007. The Rise and Fall of the Ediacaran Biota. 

Geological Society, London, Special Publications, 286: 237-257. 

 

ABSTRACT — The cosmopolitan Ediacaran frond Charnia represents one of the oldest, 

longest-ranging, and most familiar representatives of the Ediacara Biota. Charnia 

consisted of a leaf-like frond tethered to the seafloor by a basal attachment bulb and was 

composed of alternating primary branches, each made-up of multiple semi-rectangular 

secondary modular elements.  Mistaken Point, Newfoundland, is unique in preserving 

hundreds of complete Charnia fronds that represent the oldest specimens of this genus 

known anywhere (575-560 Ma), and include forms that demonstrate ancestral 

morphological-character states that help to elucidate the early evolution of Charnia.  

 

Morphological reconstructions of Charnia from two-dimensional impressions have been 

significantly oversimplified, resulting in three-dimensional reconstructions which 

highlight a unifoliate, sheet-like morphology. Overlapping relationships and internal 

structures are rarely (if ever) preserved, and only through detailed photography and both 

landmark and traditional morphometric analyses of numerous complete Charnia 
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specimens can the preservational biases be removed. Charnia is reinterpreted as having a 

series of individual overlapping primary branches attached to an internal central stalk, 

and with individual branches constrained by an internal, organic skeleton and/or 

attachments between adjacent branches.  Three species, C. masoni Ford 1958, C. wardi 

Narbonne and Gehling 2003, and C. antecedens sp. nov. can be distinguished on the basis 

of length/width ratios and the degree of attachment of adjacent branches.   Morphologic, 

taphonomic, and ecologic studies at Mistaken Point imply that Charnia was a sessile, 

epibenthic frond that fed from suspension in this deep-water volcaniclastic setting.  

Evolution of more rigorous connections between the primary branches allowed Charnia 

to migrate into more turbulent, shallower-water habitats by the late Ediacaran. 

 

INTRODUCTION: 

Charnia Ford 1958 is a cosmopolitan Ediacaran frond first described from Charnwood 

Forest, England (Ford, 1958; 1962; 1963; 1999; Boynton and Ford, 1995), and 

subsequently was documented from the White Sea of Russia (Fedonkin, 1985; 1992; 

Grazhdankin; 2004), northeastern Siberia (Fedonkin, 1985), Ediacara in South Australia 

(Nedin and Jenkins, 1998), and the Mistaken Point Formation in Newfoundland (Fig. 3.1; 

Anderson, 1978; Conway Morris, 1989; Jenkins, 1992; Narbonne et al., 2001; Clapham 

and Narbonne, 2002; Narbonne and Gehling, 2003; Clapham et al., 2003; Narbonne et 

al., 2005). Original descriptions of Charnia, interpreted from the well-preserved type 

specimen from Charnwood Forest, England (Fig. 3.2; Ford, 1958), highlight the relatively 

simple repeating pattern of both the primary branches and secondary modular elements, 

in addition to the overall sheet-like morphology. Ford  
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(1958) also erected the taxon Charniodiscus Ford, 1958, which consisted of a disc-like 

organism with a rough-surfaced central boss surrounded by multiple concentric rings, and 

in some earlier figures showed the Charnia frond and the Charniodiscus anchoring disc 

as elements of the same organism or colony (Ford, 1958; 1962). Later work (Ford, 1963) 

revealed that the holotype of Charniodiscus was attached to a foliate structure with fine 

detail that differed significantly from the holotype of Charnia. Jenkins and Gehling 

(1978) distinguished Charnia and Charniodiscus on the basis of the small-scale 

branching pattern in their respective fronds, a view that has been supported by virtually 

all subsequent workers (see review in chapter 2). In the Treatise, Glaessner (1979) 

defined Charnia as having “Narrow petaloids with sinuous median line and sharply 

defined primary grooves forming acute angles with corresponding secondary grooves and 

branches; these are therefore in almost transverse position on the petaloids.” 

 

Complete specimens of Charnia including its basal attachment bulb are exceedingly rare, 

with mostly fragmentary specimens described from outside Newfoundland, hindering 

attempts to deduce the taxonomy and biology of Charnia. Eastern Newfoundland is 

unique in containing thousands of complete fronds, including hundreds of Charnia 

specimens (Narbonne et al., 2001; Clapham et al., 2003). This paper will utilize the large 

number of complete specimens of Charnia available in the Avalon Peninsula of 

Newfoundland (Fig. 3.1) to determine the growth patterns, inter- and intraspecific 

variability, and evolution of Charnia.   
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GEOGRAPHIC AND STRATIGRAPHIC SETTING 

The fossiliferous strata from the Avalon Zone of Newfoundland, Canada (Fig. 3.1A) 

consists of the western part of Avalonia, a string of microcontinental volcanic arcs that 

were located off the northwestern coast of Amazonia during the terminal Proterozoic 

(Murphy et al., 2002). The close proximity of the Mistaken Point assemblage to the 

eastern Avalonia Ediacara Biota of Charnwood Forest, England, is supported by both 

biogeographic analyses and tectonic reconstructions (Waggoner, 1999; Murphy et al., 

2002). The Ediacara Biota at Mistaken Point was first reported by Anderson and Misra 

(1968) and Misra (1969) and subsequently documented by numerous authors. Available 

U-Pb dates for the Mistaken Point fossil assemblage range between 575-565 Ma (Benus, 

1988; Bowring et al., 2003), which predate most other known Ediacara Biotas (Martin et 

al., 2000; Condon et al., 2005; Narbonne, 2005).  

 

Charnia ranges through much of the Avalonian assemblage, with specimens from the 

Drook, Briscal, Mistaken Point, and Trepassey formations, which span upwards of 2.5 

km of strata of the Conception and St. John’s Groups and represent more than 10 million 

years (Fig. 3.1B). Sedimentological studies of the area imply that the fossil localities 

represent deepwater axial and slope environments well below storm wave-base (Misra, 

1971; 1981; Benus, 1988; Narbonne et al., 2001; Wood et al., 2003; Narbonne et al., 

2005). The Conception Group is dominated by fine- to medium-grained turbidites 

interspersed with thin interturbidite siltstone beds that contain the fossil horizons (Wood 

et al., 2003). Interturbidite fossil beds are numerous throughout the Avalonian strata, and 

are commonly blanketed by a veneer of volcanic ash, which accelerated lithification and 
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preserved the fossil fronds in positive epirelief on the upper surfaces of fine-grained 

siltstone bedding planes (Narbonne, 2005). The volcanic ash restricts preservation of 

features to those present on the upper surface of the organism, while the thickness and 

coarseness of the fallout ash is responsible for the varying quality and amount of epirelief 

of each individual specimen (Narbonne, 2005). Microbial mats preserved as “old 

elephant skin” wrinkles on the fossil-bearing surfaces initiated mineral encrustation of the 

organic material and cemented the surrounding sediment resulting in preservational 

“death masks” (cf. Gehling, 1999). Strata throughout the Avalon Peninsula have been 

subject to tectonic deformation, which has resulted in a significant (up to 40 percent) 

shortening perpendicular to cleavage of all fossil specimens, altering the shape and 

orientation of all structures measured from the surfaces (Seilacher, 1999; Wood et al., 

2003; chapter 2). This deformation can be corrected by applying photographic or 

mathematical corrections termed retrodeformation (see Wood et al., 2003 for rationale 

and the formulas used in the morphological correction). All measurements presented in 

this paper have been retrodeformed.  

 

TRADITIONAL INTERPRETATIONS OF THE MORPHOLOGY OF CHARNIA 

Original descriptions of Charnia are based on the exquisitely preserved holotype of C. 

masoni from Charnwood Forest, England (Ford, 1958).  It is characterized by an ovate 

(or lance-shaped) to strongly parallel frond which tapers abruptly at the distal tip, and is 

composed of a series of sigmoidal to rectangular primary branches (Fig. 3.2). The central 

axis of the frond consists of a zigzag central midline resulting from the alternation of the 

primary branches on either side of the central axis.  Branch width and length tend to 
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increase proximally, with the smallest (and assumed youngest) branches located at the 

distal tip. Each primary branch is composed of several secondary modular elements (Fig. 

3.2), which vary in size and shape along the length of each branch.  Well-preserved 

specimens of Charnia exhibit curved tertiary divisions within the secondary modular 

elements (Fig. 3.2).  In C. wardi, these third-order divisions can be shown to represent the 

edges of rangeomorph elements similar to those illustrated by Narbonne (2004).   

Narbonne (2004; 2005) and Brasier and Antcliffe (2004) followed Jenkins (1985) in 

regarding Charnia masoni as a rangeomorph, but further study of exceptionally preserved 

specimens from Charnwood Forest (Brasier and Antcliffe, 2004; Brasier et al., 2005) and 

northern Russia (Grazdhankin, 2004) is necessary to confirm or refute this hypothesis. 

The holotype slab from Charnwood Forest is broken just above the base of the frond.   

 

LANDMARK MORPHOMETRIC ANALYSIS 

Previous attempts to couple traditional taxonomic work with mathematical 

(morphometric) descriptions were effective at Mistaken Point, and readily allowed for the 

segregation of characters which varied with growth versus those which represented true 

taxonomic differences between two morphologically similar species of Charniodiscus 

(Chapter 2). However, since much of the species variation in Charnia is restricted to 

microstructural details poorly described by distance measurements (Fig. 3.2), and since 

taphonomic characters of the volcanic ash limit the preservation of the most distal 

branches and secondary modular elements, the overall morphology of Charnia from the 

Avalon is difficult to investigate using traditional morphometric techniques. Recent 

advances in the field of landmark morphometrics has resulted in robust quantitative 

 57



  

means of describing shapes independent of size, translation, rotation or scaling 

(Bookstein, 1991), and may be used to quantify morphological changes in shapes. 

Although traditional and landmark morphometrics may not be applicable for defining the 

overall morphology of Charnia, these mathematical techniques can be applied to define 

the shape changes between the secondary modular elements, and possibly elucidate the 

origin of these shape changes.  

 

By selecting points in two or three dimensional space that correspond to the position of a 

particular character on an object of interest (Lele and Richtsmeier, 2001), landmarks 

outline or define the form in question, and allow for comparisons of shape between 

different samples. The covariance between landmark sets can be identified and 

highlighted through various multivariate statistical analyses such as principal components 

analysis (PCA). The goal is to isolate purely shape-driven changes between similar 

forms.  

 

Morphological relationships between various components of the Charnia morphotype 

suggest a more complex external form than has been previously diagnosed for this genus. 

The morphological variation in the shape of the secondary modular elements, in addition 

to the appearance of an overlying relationship between adjacent primary branches, is 

ideally suited for a landmark morphometric analysis. By removing the influence of 

growth and size on the shape component, it is possible to compare how each secondary 

modular element is influenced by its neighbouring elements. 
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The relatively simple shape of the secondary modular elements in Charnia masoni can 

easily be defined by four unique landmarks which provide an adequate representation of 

the entire secondary modular element (Fig. 3.3A). The restriction to traditional (Lele and 

Richtsmeier, 2001) or Type 1 (Bookstein, 1991) landmarks corresponding to biologically 

significant structures representing a point in space at which three structures meet 

(Bookstein, 1991; Lele and Richtsmeier, 2001) reduce the amount of subjectivity 

introduced into the analysis. The chosen landmarks are structurally homologous and 

represent structurally similar features present on all branches analyzed.  

 

Four landmarks were placed on every complete secondary modular element from the 

second to the sixth primary branch of the right side of the holotype of Charnia masoni 

from Charnwood Forest. The incomplete preservation of the secondary elements on the 

left side of the holotype, in addition to the poor preservation of the distal branches above 

the sixth primary branch, restricted the analysis to the selected branches. Distal secondary 

modular elements (last few secondary modular elements from region 3 in Fig. 3.2b,) 

along the chosen primary branches were also excluded due to incomplete preservation. 

Landmarks were collected from high quality digital photographs and digitized using 

TPSDIGW32.EXE (By F. James Rohlf. Version 1.40. http://life.bio.sunysb.edu/morph/). 

In order to reduce human bias, all landmarks were digitized by ML. Digitized landmarks 

were collected in a landmark coordinate matrix and converted into corresponding vectors 

of all possible pair-wise distances, therefore restricting information to shape coordinates. 

Shape coordinates were transformed into procrustes coordinates by setting the centroid 

location (average location of all landmarks) of each sample to the centre of a Cartesian 

 60



  

graph (0,0), and therefore removing the influence of translation on the data. Size or scale 

was removed by calculating the centroid size, which corresponds to the square root of the 

summed squared distances of each landmark from the centroid, and by rescaling the 

centroid size to 1 by dividing all landmark locations by the original centroid size. Finally, 

rotating the rescaled forms to an optimal overlap of all landmarks by minimizing the 

summed squared distances between each corresponding landmark and the reference form, 

which is an average of all specimens, removed the influence of rotation on the data. This 

final step resulted in a procrustes alignment and was performed with the CoorDGen6 

program designed by David S. Sheets (http://www2.canisius.edu/~sheets/morphsoft.html). 

 

Once the coordinate matrix has been converted into a procrustes coordinates matrix, it is 

possible to analyze the relationship between landmarks and samples through standard 

multivariate statistics such as principal components analysis (PCA), which allows for 

multiple landmark configurations to be compared between multiple samples. PCA is a 

statistical means of comparing multivariate data by constructing principal components (or 

eigenvectors) which are mutually orthogonal vectors that explain the greatest amount of 

variance found within the data. PCA groups similar landmark arrangements (shapes) 

together while distancing different shape configurations from each other. Traditionally, 

landmark morphometrics is used to distinguish shape differences between species, but 

this analysis applied landmark morphometrics to shape changes within a seemingly 

repeatable set of landmarks in order to distinguish shape changes within sections of a 

single specimen. PCA allows for the partitioning of morphological variation into 

components that independently describe shape variation (Strauss and Bookstein, 1982; 
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Somers, 1986; James and McCulloch, 1990; Cadima and Jolliffe, 1996). The data 

reconfigured into partial procrustes were analysed with PCAGen6N 

(http://www2.canisius.edu/~sheets/morphsoft.html), which performed a PCA analysis on 

each branch independently in order to demonstrate the variation in form of the secondary 

modular elements along the primary branches of C. masoni. 

 

The first set of interpretations to be drawn from the landmark analysis is the degree of 

variance within each individual landmark. As seen in Figure 3.3A, the spread of 

landmarks 3 and 4 is much greater than the spread surrounding landmarks 1 and 2. Since 

landmark identification of these points is similar, this variation implies deformation of 

the terminations of the secondary lobes and therefore a translation of the landmarks out of 

their “normal” positions. If this hypothesis is correct, the relatively tight landmark 

arrangement for landmarks 1 and 2 may suggest that the only true shape variation of the 

secondary modular elements can be explained with a translation of only two landmarks, 

and with most of the translation restricted to the “Y” axis (Fig. 3.3A). This hypothesis is 

further substantiated by the repeatable and predictable shape changes of the secondary 

lobes along the primary branches. As demonstrated in Figures 3.3B-3.3F, the proximal 

modular elements (region 1 in Fig. 3.2b) along all five primary branches are 

characterized by smaller L1-L3 landmark distances (distance A in 3A), while the central 

secondary lobes (region 2 in Fig. 3.2b) are more uniform in L1-L3 vs. L2-L4 distances 

(distances A and B in 3A), whereas the terminal secondary lobes (region 3 in Fig. 3.2b) 

have a distinctively smaller L2-L4 landmark distance (distance B in 3A). This is in stark 

contrast to the L1-L2 (distance C in 3A) or L3-L4 (distance D in 3A) distances, which are 
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uniform in shape distances throughout the entire length of the primary branches. This 

suggests a semi-rectangular shape for each secondary lobe, and the trapezoidal or 

rhombic shape classically associated with the secondary lobes of Charnia is a 

taphonomic response to overlying adjacent primary branches. The translation and 

predictability of the landmarks represent an artificial termination of the secondary lobes 

due to imbrication or onlapping from adjacent primary branches. This hypothesis 

suggests that the true termination of the secondary lobe is located beneath the overlying 

adjacent primary branch, and that this onlapping relationship accounts for the shape of 

the secondary lobes in Charnia.   

 

TAPHONOMY OF NEWFOUNDLAND CHARNIA 

The Charnia forms at Mistaken Point and the surrounding Avalonian localities are 

exceptionally diverse, but as most specimens are taphomorphs of the well known species 

of Charnia masoni (Fig. 3.4) or Charnia wardi (Fig. 3.5), the true taxonomic diversity is 

limited.  The shapes of the specimens vary greatly as an expression of taphonomy on the 

classical C. masoni morphoshape. Due to local differences in ash thickness and tectonic 

deformation of the beds containing the fossils, the morphological expression of the 

classical C. masoni morphoshape varies greatly between localities. The soft-bodied 

nature of Charnia and the apparent flexibility of the primary and secondary branches 

contributed to the morphological disparity between specimens. The selective nature of the 

preserving ash restricts preservation to those features present on the upper surface of the 

organism at the interface between the underlying sediment and the  
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Figure 3.4: Charnia masoni preserved in positive epirelief on the upper bedding-plane 

surfaces. A-B Juvenile specimens of C. masoni displaying basal attachment disc from the 

“E” surface of the Mistaken Point Formation. (Landing et al. 1988), C-E, Latex moulds 

whitened with ammonium chloride of C. masoni from Sword Point of the Mistaken Point 

Formation. C-D displaying basal attachment disc. F, C. masoni from a loose block 

believed to be from Long Beach of the Mistaken Point Formation. Specimen whitened 

with ammonium chloride. G-I, C. masoni from Long Beach of the Mistaken Point 

Formation. displaying basal attachment discs.  J, C. masoni from Lower Mistaken Point 

from the Mistaken Point Formation. White arrows indicate basal anchoring discs, black 

arrows indicate possible tertiary divisions. All scale bars 1 cm.  
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Figure 3.5: Charnia wardi preserved in positive epirelief on the upper bedding plane 

surfaces. A, Type specimen of C. wardi from the Drook Formation. displaying the 

prominent central ridge and repeatable Charnia branching pattern. B, enlarged view of 

the area indicated in A displaying the rangeomorph elements (grey arrows) restricted to 

one per secondary modular element and also demonstrating the rare longer and acutely 

angled primary branches (termed bundles; black arrows). C, C. wardi from the Drook 

Formation. D-F, C. wardi from the Mistaken Point Formation. Specimens at this horizon 

are significantly smaller than those from older formations. D-E displaying basal 

anchoring disc (white arrows). G-H Poorly preserved specimens of C. wardi from the 

Drook Formation. preserved under thick, coarser grained volcanic tuffs and with large 

basal anchoring disc (white arrow). H, Two specimens of C. wardi in close proximity to 

one another. White arrows indicate basal anchoring discs, black arrows indicate tertiary 

divisions, and grey arrows indicate branch bundling. All scale bars 1 cm. 
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overlying fallout ash (Narbonne, 2005). Even small amounts of ash that reached the 

substrate prior to felling of the organism resulted in poor preservation of morphological 

traits, a process that was largely responsible for the decrease in resolution distally from 

the holdfast to the tip of the frond (Seilacher, 1992; Wood et al., 2003; chapter 2). The 

thickness and coarseness of the fallout ash responsible for the preservation of all 

Ediacaran fossils at Mistaken Point also dictates the overall external morphology and 

epirelief of each individual specimen (Narbonne et al., 2001). Stalks and finer 

microstructural details that are well preserved in specimens of C. wardi are invariably 

associated with a thin, fine fallout ash (Fig. 3.5 A—F), and are typically absent or 

difficult to see in specimens preserved beneath thicker, medium- to coarse-grained 

volcanic tuffs (Fig. 3.5 G—H). However, the cylindrical, three-dimensional morphology 

of C. wardi is best seen in thick coarse ash (Fig. 3.5 G—H) since thinner, finer fallout ash 

was more prone to compaction than the coarser-grained tuffs (Narbonne and Gehling, 

2003).   

 

It is evident that taphonomy played a major role in controlling the preservational form of 

Charnia specimens from Newfoundland and presumably elsewhere. Three distinct 

morphological forms are readily recognized even when taphonomic variation is taken 

into account.  The nature of these species, one of which is new, and their relationships to 

previously described taxa are discussed at the end of this paper (see Systematic 

Palaeontology).  
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TAPHOMORPHOLOGY OF CHARNIA 

Taphonomic processes that allow for the preservation of soft-bodied Ediacara Biota 

govern the final morphology of the fossils found (Wade, 1968; Jenkins, 1985; Gehling, 

1991; Narbonne et al., 1997; Narbonne, 2005; Grazhdankin and Seilacher, 2005). 

Understanding the effects of these processes allows for a better understanding of the 

original morphology of the fossil.  As the Ediacara Biota was smothered beneath volcanic 

ash (Conception-style preservation of Narbonne, 2005) or cast beneath beds of sandstone 

through the help of microbial mats (Flinders- or Fermeuse-style preservation of 

Narbonne, 2005), the overall morphology of the preserved organisms was restricted to the 

near two dimensional impressions that remained after fossilization. The morphological 

reconstruction of three dimensional forms from impressions has always been a difficulty 

plaguing Ediacaran palaeontology (Narbonne et al., 1997; Gehling et al., 2000; 

Grazhdankin and Seilacher, 2002; Dzik, 2002), and has commonly resulted in 

oversimplification of the true external morphology. Overlapping relationships and 

internal structures are rarely preserved, and result in three-dimensional reconstructions 

highlighting sheet-like morphologies. Internal features such as strengthening structures 

(non-mineralized organic skeletons) may be difficult to interpret from well-preserved 

specimens displaying only the external form (Narbonne, 2004). This seems particularly 

true of Charnia, which originally may have been nearly cylindrical and in which all the 

elements have been superimposed onto a two-dimensional sheet.  The following section 

will explore the “taphomorphology“of Charnia in order to reconstruct the original three-

dimensional configuration.  
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Several specimens of Charnia from Mistaken Point and Spaniard’s Bay display 

significant variation within their primary branching angles (Table 3.1), a predictable 

shape-change of the secondary modular elements within each primary branch (Fig. 3.3), 

and a variable central zigzagging midline (compare specimens from Figs. 3.4 – 3.6).  

These traits suggest that Charnia represents a series of independent, overlapping, primary 

branches which result in the taphonomic expression of a complete, unsegregated sheet. 

Each individual primary branch is overlapped by a second branch located on the opposite 

side of the midline, which results in the covering of the proximal secondary modular 

elements (region 1 in Fig. 3.2b) and therefore smaller L1-L3 landmark distances (distance 

A in 3A) for these secondary lobes. As each primary branch alternates and overlaps along 

the midline, the taphonomic response is a zigzagging central furrow. Furthermore, each 

primary branch is also overlapped by an adjacent primary branch as the distal tip is 

tucked in underneath the overlying branch (region 3 in Fig. 3.2b), resulting in smaller L2-

L4 landmark distances (distance B in 3A) for these secondary modular elements. This 

hypothesis suggests that the outer rim/margin that is present in Charnia most likely 

represents the natural termination of the distal tip of a branch as it is tucked in underneath 

the overlying branch (region 3 in Fig. 3.2b), and does not represent a true distal 

boundary. In contrast, the secondary modular elements located along the middle of each 

primary branch (region 2 in Fig. 3.2b) are characterized by a more rectangular shape 

which consists of somewhat equidistant L1-L3/ L2-L4 landmark distances, resulting from 

the limited amount of overlapping from adjacent primary branches. The secondary 

modular elements in region 2 (of Fig. 3.2B) may best represent the true shape of each 

individual secondary modular element due to the limited amount of overlap from adjacent 
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primary branches. The distal primary branches located near the tip of the frond 

(rectangular primary branches, Fig. 3.2a) are significantly more rectangular in shape and 

lack the characteristic sigmoidal shape (sigmoidal primary branches, Fig. 3.2a), resulting 

from the limited amount of overlap with adjourning primary branches.   

 

The overall alternating branching pattern which has come to represent Charnia varies 

little despite the numerous specimens present at Mistaken Point (Fig. 3.4). In C. masoni, 

the proximal secondary lobes (region 1 in Fig. 3.2b) are acutely angled as a direct 

response to the acute angle of the primary branches. After the initial acute branching, the 

primary branches continue to curve until a maximal branching angle is reached (between 

19˚-37˚, Table 3.1). At this point the secondary modular elements are located at right 

angles to the base of the primary branches (region 2 in Fig. 3.2b). At the distal tip of each 

primary branch, the secondary modular element branching-angle becomes acute as the 

primary branch dips underneath the distal tips of the overriding branch (region 3 in Fig. 

3.2b). In C. masoni, these branches are strictly parallel and errors in overlapping are 

virtually nonexistent, requiring that each primary branch be attached to an internal central 

stalk at the proximal branching site and also anchored at the distal tip by an internal outer 

margin (Narbonne, 2004, Fig. 3.3d) or that each primary branch was joined to adjoining 

primary branches by flexible soft tissue.  

 

The secondary modular elements vary between a pill-shaped and a more rectangular or 

straight-sided secondary modular element. This variation in the shape of the secondary 

modular elements is directly linked to the soft-bodied nature of Charnia. If secondary 
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elements were compressed laterally either during death or preservation, the original box-

shaped secondary elements could have been modified into a pill-shaped element. This 

variation in shape cannot represent a taxonomic variation because both types of modular 

elements are preserved on the same specimen, and commonly on the same primary 

branch. 

 

The width of the frond and the number of secondary modular elements in Charnia 

masoni from Mistaken Point varies considerably between specimens, resulting in 

specimens that vary from the traditional ovate shape (Fig. 3.4 A—E, I—J) to those that 

appear more parallel sided (Fig. 3.4 F—H). Specimens with a more parallel sided 

appearance typically exhibit a larger frond length vs. width ratio (Fig. 3.4 F—H; Table 

3.1) and fewer secondary modular elements per primary branch when compared with the 

ovate form (Table 3.1). Furthermore, the parallel-sided morphs of C. masoni do not 

exhibit the underlying of the distal tip of the primary branch typically visible in the ovate 

forms of C. masoni and the average angle at which the primary branches diverge from the 

central stalk is more acute (Table 3.1). A final character of interest is the apparent sharp 

edge, almost resembling an outer rim, which constrains the distal tips of the primary 

branches in the parallel sided form, but which is absent from the well-preserved ovate 

form.  

 

Taphonomy is most likely responsible for the parallel sided and ovate morphs, although 

the morphological shape variation between the two morphotypes is possibly ontogenetic 

or based on branching angles (Fig. 3.7 B—C). The sharp termination of the distal region  
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of each primary branch in the parallel-sided morph of C. masoni, in addition to the 

absence of the overlapping of the distal secondary modular elements (region 3 in Fig. 

3.2b) and the apparent shape and size variation of these same distal elements is 

suggestive that the distal secondary lobes were not preserved (Fig. 3.7C). For proper 

preservation of Ediacara Biota at Mistaken Point, the organism must have been trapped 

between the muddy substrate and the overlying veneer of volcanic ash. It is probable that, 

as Charnia was felled and then covered by fallout ash, the distal tips of the primary 

branches were curved upwards and therefore were jutting outside of the veneer of ash 

required for proper preservation (Fig. 3.7 C). This resulted in a sharp outer margin in the 

parallel-sided morph of Charnia, and may explain both the size and shape variations in 

the distal modular elements. The taphonomic margin produced by trapping volcanic ash 

between the distal tips of the primary branches and the underlying muddy substrate 

distorts the familiar ovate shape of Charnia, and should not be used as a taxonomic 

means of distinguishing between species of Charnia. Therefore, it is important to stress 

that the frond widths presented in this paper represent minimum distances, especially 

when comparing the parallel-sided taphomorphs to other specimens from around the 

world.  

 

The type specimen of C. masoni from Charnwood Forest is broken just above its base, 

but several specimens of Charnia masoni from Mistaken Point exhibit holdfast discs 

(Fig. 3.4 A—D, G—J).  The presence of a holdfast disc is consistent with the view that 

Charnia was an erect frond similar in function to other stalked Ediacaran organisms. 
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As with C. masoni, C. wardi is composed of several primary branches which are 

overlapped by adjacent primary branches at the proximal anchoring site, and are tucked 

under adjacent branches at the distal tip, resulting in the appearance of a complete, 

unsegregated sheet. Primary branches are typically rectangular or sigmoidal throughout 

their length, although certain rare branches are more acutely angled than their 

surrounding primary branches, producing “bundling” of the branches (Fig. 3.5B; Table 

3.1). Branch bundling results in a greater exposure of the secondary modular elements 

that make up the displaced branch, although it also results in an increased amount of 

overlap with adjacent branches, therefore reducing the exposure/preservation of the 

overridden branches. This taphonomic character explains irregularities in the outer 

margin of the frond, which represent the distal termination of each individual branch, and 

not a true physical character. Unlike Charniodiscus, which has a definitive outer rim or 

margin of soft tissue, the outer margin of Charnia is irregular as the distal tip of each 

independent branch is tucked under adjacent branches.    

 

The oldest specimens of C. wardi from the Drook Fm. (Fig. 3.1; Fig. 3.5 A—C, G—H) 

are up to an order of magnitude longer (longest specimens up to 185 cm) than the 

youngest specimens of the basal Mistaken Point Fm. (between 11 and 23.9 cm, averaging 

17.2 cm; Table 3.1); however, none of the specimens from the basal Mistaken Point 

Formation are complete (Fig. 3.5 D-F). Both the Drook and the Lower Mistaken Point 

specimens exhibit similar frond widths (averaging 43 mm and 34 mm respectively; Table 

3.1), and share the characteristic branch bundling, central midline, primary branch shape, 

and secondary modular elements.      
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C. wardi is believed to be composed of a series of alternating primary branches which 

cross-over on either side of the central stalk, thus sometimes obscuring the preservation 

of the stalk. In areas where the preservation of the primary branches crossing over the 

stalk is best, the branch overlapping results in a zigzagging central midline characteristic 

of Charnia. The most parsimonious explanation for the varying morphology of the 

central stalk is that the support structure that serves as a basal anchoring site for each 

primary branch is internal. In cases where the primary branches are well preserved and 

cross over the centre of the frond, the midline is obscured or missing, whereas in 

examples where the central midline is well defined, the primary branches are poorly 

preserved. It is believed that the presence of a straight, central stalk results from 

composite molding of the internal stalk onto the surface expression of the primary 

branches, and explains how the primary branches cross over the central stalk in some 

specimens (Narbonne and Gehling, 2003). 

 

Due to the coarseness of the volcanic tuff that blanketed specimens from the Drook (Fig. 

3.1), the original 3D morphology was better preserved when compared to the easily 

compressible, fine-grained volcanic ash that characterizes the remainder of the Mistaken 

Point assemblage. The high relief (sometimes up to 10 mm) of the specimens from the 

Drook Fm. suggests that the original 3D morphology of C. wardi was more cylindrical 

than sheet-like in shape.  
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The type specimen of Charnia wardi consists exclusively of the distal tip of the frond, 

but many other specimens preserve disc-like holdfasts at their proximal region. Although 

most specimens (e.g. Fig. 3.5 C) preserve basal holdfasts that appear smaller than would 

be expected for an Ediacaran frond of this size (Peterson et al, 2003), additional 

specimens of C. wardi exhibit larger discs (Fig. 3.5 H-I). It seems likely that the apparent 

scarcity of holdfast discs and the small size of many of the ones that are preserved 

reflects the fact that the Charnia holdfast was largely buried in the substrate, and would 

have resulted in the poor expression of the basal anchoring disc (Narbonne and Gehling, 

2003), whereas the majority of the Charniodiscus holdfasts at Mistaken Point rested on 

the substrate (Seilacher, 1992; 1999; chapter 2). 

 

Unlike the typical, repeatable branching pattern that typifies C. masoni and C. wardi, 

several specimens from the Drook Fm. of Mistaken Point (Fig. 3.6) and the Mistaken 

Point Fm. from the Bonavista Peninsula (O’Brien and King, 2004) of Newfoundland, and 

possibly from the Rawnsley Quartzite, Flinders Ranges, South Australia (Nedin and 

Jenkins, 1998), display a disorganized branching pattern sufficiently distinct from C. 

masoni to warrant the definition of a new species of Charnia. Charnia antecedens n. sp. 

is characterized by severe shape variation within the primary branches interpreted to be a 

result of disproportioned overlapping from adjacent branches, which had the effect of 

producing a disorganized rather than the highly repetitive shape that is typical of other 

Charnia species (Fig. 3.6, see grey arrows). This disproportioned overlapping of the 

primary branches may have resulted from poor (or nonexistent) anchoring of the distal 

tips of the primary branches with the internal marginal rim or with the central stalk. The 
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rectangular distal termination of the primary branches (Fig. 3.6 A—C) is a direct and 

predictable result of the Charnia branching pattern once untucked from the overlying 

primary branch (region 3 in Fig. 3.2b). The taphonomic sigmoidal shape of a primary 

branch of Charnia is lost once the distal tip is exposed from beneath the overriding 

branch. The acutely angled secondary modular elements of C. antecedens are similar to 

the most proximal secondary modular elements (region 1 of Fig. 3.2b) of C. masoni, and 

may be a result of the very acute primary branching angles, which are on average more 

acutely angled than in C. masoni (table 3.1). Unlike C. masoni, primary branches in C. 

antecedens retain the initial branching angle and only rarely change orientation at the 

distal tip. Through both quantitative and qualitative analysis of several complete 

specimens of Charnia from Mistaken Point and Spaniard’s Bay Newfoundland, it is 

possible to decouple the influence of taphonomy from the morphological shape 

remaining after fossilization, and use differences in morphological responses to 

taphonomy in order to elucidate new species. See Systematic Palaeontology for diagnoses 

and descriptions of all three species of Charnia from Mistaken Point.   

 

LIFE HABITS OF CHARNIA 

Infaunal vs. epifaunal: 

Charnia was originally interpreted as a sessile benthic, epifaunal organism with an 

elevated frond that extended upward into the water column (Ford, 1958), a view that has 

been supported by virtually all subsequent workers (e.g. Jenkins and Gehling, 1978; 

Glaessner, 1979; Fedonkin, 1992; Jenkins, 1992; Runnegar, 1992).  Recently, the 

apparent absence of a basal holdfast in many specimens outside of Avalonia and the 
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presence of peculiar truncated laminae in the sediment encasing a three-dimensional cast 

of Charnia masoni from the White Sea led Grazhdankin (2004) and Grazhdankin and 

Seilacher (2005) to suggest an infaunal lifestyle for White Sea and Newfoundland 

Charnia, similar to the lifestyle they envision for Pteridinium and Rangea (Grazhdankin 

and Seilacher, 2002; Grazhdankin and Seilacher, 2005). In contrast with the White Sea, 

no infaunal organisms or burrows have been found in the Conception Group.  We have 

not studied the White Sea specimens described by Grazhdankin (2004), but all evidence 

from the Avalonian specimens of Charnia supports the traditional view that they 

represent sessile fronds that were elevated above the sea floor, as follows:   

 

A) Preservation beneath ash – As with all other fossils and taxa in the Conception Group, 

Avalonian specimens of Charnia are preserved exclusively at the interface between the 

underlying mudstone and the overlying volcanic ash-fall tuff.  Quality of preservation 

commonly decreases with distance from the holdfast, implying that minute quantities of 

ash were increasingly likely to be present beneath the frond distally from the holdfast (see 

above).  These taphonomic aspects are consistent with preservation as an “Ediacaran 

Pompeii” beneath volcanic ash falls (Seilacher, 1992; Narbonne, 2005), but are difficult 

to envision for an infaunal organism or colony.  Specimens preserved in their entirety 

were either already dead on the sea floor or were recumbent and covered immediately by 

the ash, whereas more upright specimens are now represented only by the abundant discs, 

some of which exhibit partial stem impressions (Wood et al., 2003).  
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B) Fossil orientations – All frondose taxa on every fossiliferous bedding plane in the 

Portugal Cove South - Mistaken Point area show strong unimodal current orientations 

that reflect contour-parallel or rarely down-slope currents (Wood et al., 2003; see also 

Seilacher, 1999).  Orientations of specimens of Charnia on each surface are 

indistinguishable from those of the other frondose taxa on the same bedding surface, with 

a strong preferred orientation down current with basal holdfasts serving as anchors.  

These current orientations would be expected if Charnia was an elevated frond like 

Charniodiscus, but would be difficult to explain if Charnia was infaunal. 

 

C) Tiering – Mistaken Point communities show a pronounced tiering of fossils on each 

bedding surface which is strikingly similar to that observed in communities of filter-

feeding animals throughout the Phanerozoic (Clapham and Narbonne, 2002).  Specimens 

of Charnia occur in all three tiers, but adult specimens are especially common in the 

middle and upper tiers with the longest specimens dominating the uppermost tier 

(Clapham and Narbonne, 2002).  This style of tiering is typical of epifaunal suspension-

feeding organisms (Ausich and Bottjer, 1982; 2001); tiering of infauna did not begin until 

the Middle or Upper Paleozoic and is in any case dissimilar to that shown by Charnia and 

other Mistaken Point taxa (Droser and Bottjer, 1993). 

 

Feeding: 

Several different feeding strategies have been suggested for the Ediacara Biota, including 

photo- or chemoautotrophy (McMenamin, 1986), absorbing dissolved nutrients directly 

from seawater (Seilacher, 1989), and suspension feeding (Jenkins and Gehling, 1978; 
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Clapham and Narbonne, 2002; chapter 2). Phototrophic feeding strategies can be 

dismissed for the Mistaken Point Ediacara Biota since the accumulation of kilometers of 

meter-thick turbidites, the complete absence of any shallow-water sedimentary features 

such as storm beds, HCS-SCS, or exposure features such as desiccation cracks, all 

suggest that these organisms were living in deep-water ecosystems well below the 

euphotic zone and storm wave base (Wood et al., 2003).  Chemoautotrophy is also a 

tenuous proposition due to the virtual absence of sulfides or carbonates typical of 

hydrogen sulfide or methane seeps (cf. Little et al., 1998).  The tiering structure described 

from the Mistaken Point communities (Clapham and Narbonne, 2002) differs from that 

exhibited by marine phototrophic communities (which grow preferentially towards the 

surface and therefore are largely unconstrained by height above the sea bottom; Foster, 

1975) and from chemosynthetic communities (which have less need for Paleozoic/ 

modern-style tiering), and is strikingly similar to that of epifaunal suspension-feeding 

organisms (Clapham and Narbonne, 2002). The distinction between absorbing dissolved 

nutrients directly from seawater and suspension filter feeding is difficult to distinguish 

since both models explain the strong tiering component of the Mistaken Point 

assemblages (Clapham and Narbonne, 2002) and the proportion of regular, irregular, and 

aggradated lateral distributions (Clapham et al., 2003). 

 

If the frondose region is correctly interpreted as a nutrient-gathering structure, the 

presence of an inferred internal stalk in lieu of a simple stem in Charnia masoni, C. 

wardi, and C. antecedens allowed these organisms to feed along the entire length of the 

frond and resulted in the frondose branching elements being attached directly to the basal 
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anchoring structure (Clapham and Narbonne, 2002). C. wardi shows clear evidence of an 

internal central stalk (Fig. 3.5A—F), and further support for the idea that C. masoni also 

contained an internal stalk comes from a single specimen of Charnia sp. from the Briscal 

Fm. which displays both the classic C. masoni frondose structure and a rigid stem 

attached to a basal anchoring disc (Fig. 3.6D-E). Ediacaran fronds typically exhibit a 

central stalk from which the primary branching units diverge (Jenkins and Gehling, 1978; 

Glaessner, 1979; Narbonne et al., 1997; Narbonne and Gehling, 2003), which provided a 

means of supporting the frond upright in addition to a rigid branching point for further 

subdivision of the frond. This central stalk is commonly an extension of the stem, which 

joins the frond to the basal anchoring structure.  

  

AFFINITIES OF CHARNIA 

Charnia was originally interpreted as a macrophytic alga (Ford, 1958), but this was 

immediately disputed, and Charnia subsequently was regarded as a pennatulacean 

Cnidarian (Glaessner, 1959; 1984), a lichen (Retallack, 1994), a stem group of the Fungi 

(Peterson et al., 2003), a representative of an extinct high-order taxonomic group of class 

(Jenkins, 1985) or kingdom (Seilacher, 1992; McMenamin, 1998) level, or any one of a 

variety of other explanations. As shown above, sedimentological studies implying a deep-

water axial/slope environment well below storm wave base for the Mistaken Point 

assemblage and a community organization similar to that of Phanerzoic and modern 

filter-feeding animals rules out any affinities for Charnia that rely on photosynthesis for 

feeding (such as plants, algae, or lichen) and implies that an animal origin is most likely.  

Narbonne (2004; 2005) and Brasier and Antcliffe (2004) followed Jenkins (1985) in 
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regarding Charnia as a representative of the rangeomorphs, an extinct phylum-level 

group of basal animals that characterized early Ediacaran communities (Narbonne, 2004).   

 

In the only treatment of the Ediacara Biota in the Treatise of Invertebrate Paleontology to 

date, Glaessner unified Charnia, Charniodiscus, and Glaessnerina Germs 1973 under the 

family Charniidae Glaessner 1979, based on the overall frond-like morphology of all 

three members (Glaessner, 1979).  Inclusion of Glaessnerina in the Charniidae is clearly 

justified; indeed, Glaessnerina may well be a junior synonym of Charnia (Runnegar, 

1992; see “Systematic Palaeontology”). The tiering structure of early Ediacaran 

communities (Clapham and Narbonne, 2002; chapter 2) is highly suggestive that the 

frondose morphology represent a biological response in order to maximize food 

gathering, and not an evolutionary character that warrants all frondose Ediacarans to be 

placed within a separate and distinct clade (see also Narbonne et al., 1997). The tertiary 

rangeomorph microstructure present within Charnia differs significantly from the 

branching pattern present within Charniodiscus, which consisted of several primary 

branches joined together by a single sheet, in which each branch is subdivided into 

several perpendicular secondary elements composed of parallel tertiary branches (Jenkins 

and Gehling, 1978; Jenkins, 1996; chapter 2). We therefore follow Jenkins (1985) in 

excluding Charniodiscus from the Charniidae.   

 

CONCLUSIONS 

The abundance and taphonomic diversity of fronds from the Avalon Peninsula of 

Newfoundland has allowed for a reinterpretation of the classic Ediacaran frond Charnia. 
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Numerous specimens from Avalon show that the frond was tethered to the seafloor with a 

spherical or bulbous holdfast that was buried in the substrate. Descriptive, quantitative 

landmark, and traditional morphometric analyses imply that C. masoni exhibited a series 

of overlapping primary branches that taphonomically controlled the morphological 

expression of secondary-order modular elements.  Individual branches appear to have 

been closely fixed in position, implying that C. masoni had either an internal organic 

skeleton or organic attachments between branches. C. antecedens n. sp.  is broadly 

similar in morphology, but exhibits primary branches that were commonly dislodged or 

ripped out of sequence, suggestive of a weaker connection between adjacent branches 

than is evident in C. masoni. C. wardi is interpreted as a cylindrical, rod-like frond with 

an internal central stalk, and branches whose attachment with each other was 

intermediate between the very loose organization of C. antecedens and the more rigorous 

organization of C. masoni. 

 

Disorganized forms of Charnia ( C. wardi and C. antecedens) dominate the oldest 

assemblages of Charnia in the Drook Formation (575 Ma) but are vastly overshadowed 

by more organized forms (C. masoni) in the Mistaken Point Formation (565 Ma) and 

Charnwood Forest,  and have not been reported from younger occurrences of Charnia 

from the White Sea or Siberia (<555 Ma; Knoll et al., 1995; Martin et al., 2000; 

Grazdhankin, 2004), which consist entirely of C. masoni.  The ecological consequence of 

an increased rigidity in Charnia was the eventual capability to colonize shallower waters 

affected by wave turbulence and periodic energetic storm events. Our systematic, 

taphonomic, and stratigraphic analysis of Charnia reveals a more ecologically and 
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evolutionally dynamic taxon than was previously recognized, and highlights the 

difficulties associated with interpreting a three-dimensional form from two-dimensional 

impressions.  

 

 

 

SYSTEMATIC PALAEONTOLOGY 

Genus CHARNIA Ford, 1958 

Type species — Charnia masoni Ford 1958, from Charnwood Forest, England 

 

Diagnosis (new) — Parallel-sided to ovate, distally and proximally tapering frond 

composed of multiple, sigmoidal to rectangular primary branches alternating along a 

central stalk, overlapping adjacent primary branches, and typically crossing over the 

central midline forming a zigzagging central axis. Primary branches composed of 

multiple secondary modular elements arranged acutely to almost perpendicularly to the 

primary branches. Proximal tapering of frond lacks a distinct stem. Surface expression of 

basal disc commonly small or missing. 

 

Comparisons — Charnia masoni is similar in many respects to Glaessnerina grandis 

Glaessner and Wade, 1966. The two forms are segregated on the basis of the large angle 

of the secondary modular elements, which are oblique in Glaessnerina and may represent 

a taphonomic response to a soft-bodied morphology. Runnegar (1992) considered 

Glaessnerina a junior synonym of Charnia, but Jenkins (1996) considered Glaessnerina 
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a valid genus based on the apparent arrangement of the primary branches, which he 

considered to be a sequence of overlapping leaves. The evidence provided both in this 

study and independently by Jenkins (1996) and Nedin and Jenkins (1998) of the 

overlapping sequence of primary branches in Charnia further supports the synonymy of 

Charnia and Glaessnerina proposed by Runnegar (1992).  

 

Several of the morphological characters that were used previously to segregate Charnia 

from Charniodiscus have now been identified in both genera, and thus are no longer 

valid. The basal anchoring structure is present in both genera, albeit a larger fraction of 

the disc is preserved in Charniodiscus while a significant portion of the disc appears to 

have been buried in Charnia. The concentric rings or raised central boss within the basal 

holdfast in Charniodiscus is absent from all studied Charnia. The characteristic stalk 

from which diverged the primary branches in Charniodiscus is present as an internal 

structure in Charnia wardi and inferred to be present internally within C. masoni and C. 

antecedens.   

 

With the loss of several key characteristics distinguishing Charnia and Charniodiscus, 

the few remaining differences become pivotal in segregating both genera. The foremost 

differentiating character resides within the alternating branching pattern which overlaps 

the central stalk, and results in a zigzag central mid line in Charnia. Detailed analysis of 

the nature of the tertiary divisions help define to further the differences between Charnia 

and Charniodiscus: Charnia is characterized by highly repetitive, curved divisions that 

are inferred to represent rangeomorph microstructure, whereas Charniodiscus is 
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composed of several primary branches from which diverge perpendicular secondary 

branches highlighted by tertiary branching divisions (Jenkins and Gehling 1978; Jenkins 

1996; Laflamme et al. 2004). Finally, as demonstrated above (see “Morphometric 

Analysis”), the sigmoidal taphomorphology of each primary branch due to the overlying 

relationship of the primary branches in Charnia is strikingly dissimilar to the alternating 

branches of Charniodiscus.  

 

Charnia masoni Ford 1958 

Figure 3.4 A-J 

Diagnosis (new) — Parallel-sided to ovate Charnia with broad, semicircular distal 

termination, zigzagging central axis, and sigmoidal primary branches. Length to width 

ratio less than 5:1 (typically between 2:1 and 3:1). Primary branches highly acute 

(typically less than 30° from midline). 

 

Description — Charnia masoni is characterized by a distally tapering, ovate frond with a 

broad, semicircular to arrow-shaped distal termination. The type specimen from 

Charnwood Forest is 188 mm long and 46 mm wide, consisting of 18 primary branches 

on either side and composed of a maximum of 22 (average 18) secondary modular 

elements per branch. Specimens from Mistaken Point are typically slightly smaller (table 

3.1), averaging 160 mm long by 41 mm, with fewer primary branches (max 13) and 

secondary modular elements (max 14). Primary branching angle (as defined by the angle 

between the central midline and the base of the primary branch; see Fig. 3.2a) is strongly 

acute and ranges on average between 19°and 37° (mean of 26˚-28°, table 3.1). Primary 

 88



  

branches are composed of multiple, rhombic secondary modular elements, which form 

acute to right angles with the base of the primary branches, and result in an almost 

transverse position along the entire length of the primary branches. The primary branches 

are strongly angled at both proximal branching site and the distal tips (which curve to run 

almost parallel to the central midline), resulting in a sigmoidal shape. In specimens with 

primary branches characterized by relatively more obtuse branching angles (greater than 

30˚ from the central midline), the branching angle remains relatively constant throughout 

the entire length of the primary branch and results in rectangular primary branches when 

compared to the acutely angled sigmoidal branches.  A distinct, zigzagging central 

midline is characteristic of Charnia. Unlike the typical sigmoidal shape of the basal 

primary branches (sigmoidal primary branches, Fig. 3.2a), the distal primary branches 

located near the tip of the frond are rectangular and composed of significantly smaller 

and rectangular rather than rhombic secondary modular elements (rectangular primary 

branches, Fig. 3.2a). The proximal secondary modular elements on each primary branch 

are characterized by smaller L1-L3 landmark distances (distance A in Fig. 3.3A) while 

the distal elements are defined by smaller L2-L4 landmark distances (distance B Fig. in 

3.3A). Therefore, along a primary branch, the shape of the secondary modular elements 

varies from a trapezoid in the proximal region (region 1 in Fig. 3.2b) to a rectangle in the 

central region (region 2 in Fig. 3.2b) and finally returning to a trapezoid (albeit a mirror 

image to the proximal elements) as the distal region (region 3 in Fig. 3.2b) is overridden 

by another primary branch (see regional shape changes along primary branches in Fig. 

3.2b). Primary branches extend proximally to the base of the frond into a small, typically 
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poorly preserved or absent basal anchoring disc (Figs. 3.4A—D, G—J), resulting in the 

complete absence of a stem.   

 

Occurrence and stratigraphic range — Oldest representatives from the Mistaken Point 

and Trepassey formations of Newfoundland. Additional specimens from Charnwood 

Forest in England and the White Sea and northeastern Siberia in Russia. Available U-Pb 

dates and chemostratigraphic correlations imply an age range 565 to <549 Ma for 

Charnia masoni. 

 

Charnia wardi Narbonne and Gehling, 2003 

Figure 3.5 A-H 

Diagnosis (modified from Narbonne and Gehling, 2003) — Very long, parallel-sided 

Charnia that distally narrows to an acute tip, with straight central ridge or furrow. 

Complete specimens typically with >10:1 length vs. width ratios. Primary branching 

angle typically greater than 45° (average range between 44°-74°), with occasional acutely 

angled branch bundles (average range between 24°-35°).  

 

Description — Charnia wardi is a strongly elongate and tapering frond, which narrows to 

an acutely angled, arrowhead-shaped distal tip. A prominent central stalk (15-45 mm 

wide, mean 29 mm) forms a medial ridge from which and over which diverge several 

parallel-sided primary branches. Primary branches alternate on each side and overlap 

across the medial stalk, resulting in a zigzag branching pattern that locally obscures the 

central stalk. Most primary branches are either sigmoidal or rectangular throughout their 
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length but taper to a point along their distal edge, and are composed of multiple (between 

9 and 12) rectangular to rhombic secondary modular elements. Primary branching angle 

is typically greater than 45˚ (Table 3.1) from the central midline, although rare primary 

branches are angled more acutely (between 24˚ and 35˚ from the midline) and result in 

longer primary branches that cover and overlap adjacent primary branches (herein termed 

“bundles”).  Displaced bundles show a rangeomorph structure (cf. Narbonne, 2004) of 

complexly and fractally branching modules that form the edges of the curved third-order 

divisions (Fig. 3.5A-B). A taphonomically distinct outer rim represents the distal 

termination of each individual primary branch. 

  

Comparison — Charnia wardi is unique among Charnia in possessing a >10:1 length to 

width ratio and in attaining lengths of well over a meter. In juvenile or incomplete 

specimens, the presence of rare branch bundling in addition to the strongly linear shape 

and composite molding of the central stalk allows for the differentiation of C. wardi from 

all other Charnids. Paracharnia dengyingensis Sun 1986, known only from a single 

poorly preserved specimen from the Yangtze Gorge, China, exhibits similar length to 

width ratios; however, the significantly wider central stalk, which represents greater than 

half of the overall width, and the unusual secondary stalks, which are found on each 

individual frondlet or petaloid leaf, readily distinguish P. dengyingensis from C. wardi.  

 

Occurrence and stratigraphic range — Charnia wardi is known only from the Conception 

Group of the Avalon Peninsula.   It was first described from the upper beds of the Drook 

Formation (Narbonne and Gehling, 2003), and the present study extends the distribution 
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of C. wardi into the basal beds of the Mistaken Point Formation to include specimens 

described (but not figured) as “Charnia species B” by Clapham et al. (2003).   

 

Charnia antecedens new species 

Figure 3.6 

?“Charnia masoni… (P36574)” Nedin and Jenkins, 1998, p. 315, Fig. 1  

“Charnia masoni, ROM 54348” Narbonne and Gehling, 2003, p. 28, Fig. 2A 

“Charnia Ford, 1958 (circled and indicated by letter C)” Clapham, Narbonne, Gehling, 

Greentree, and Anderson, 2004, p. 1033, Fig. 2

“Bush-like form, possibly comparable with Bradgatia but showing Charnia-like 

attributes” O’Brien and King, 2004, p. 210, Pl. 5A. 

 

Diagnosis — Charnia with rectangular primary branches with inconsistent width 

throughout their length, acutely angled secondary modular elements throughout entire 

length of primary branch, and “V” shaped proximal region.  

 

Material — Holotype (ROM 54348; Fig. 3.6a) from the upper part of the Drook Fm. of 

the Conception Group of Newfoundland. Two additional specimens from the upper 

Drook Fm. were photographed and latexed in the field.  

 

Description — Charnia antecedens consists of an ovate to elliptical frond in which the 

primary branches are not consistent in shape throughout their length and exhibit 

significant tapering of the frond at the proximal anchoring region. The frond is composed 
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of 8-10 acutely angled (average 21˚) primary branches that remain relatively constant in 

branching angle throughout the entire length of the branch. Primary branches rectangular 

to trapezoidal in shape instead of the traditional sigmoidal shape of C. masoni branches. 

Distal terminations of the primary branches rectangular rather than tapered. Primary 

branches consisting of approximately 10-12 secondary modular elements acutely angled 

with the primary branches and lying almost perpendicular to the central axis, unlike the 

typically right-angled branching of C. masoni. Anterior region strongly tapered to form a 

“V” shaped proximal region. Basal anchoring disc absent or small and poorly preserved.  

 

Comparisons — The overall morphology of C. antecedens is most similar to C. masoni. 

The increased amounts of imbrication of the primary branches when compared to C. 

masoni, in addition to the acute branching angle of the secondary modular elements and 

the “V” shaped proximal region are all suggestive of a distinct and diagnosable difference 

between both species. C. antecedens is known mostly from early Ediacaran assemblages 

whereas C. masoni is known mostly from younger Ediacaran assemblages, implying that 

the differences between these taxa are unlikely to reflect taphonomy. 

 

Derivation of name — antecedens, due to the implied ancestral origin of this species.   

 

Occurrence — Three specimens are known from the Drook Fm. of the Conception Group 

of Newfoundland. Additional specimens of Charnia antecedens are known from the 

correlative Mistaken Point Fm. from the Bonavista Peninsula (Avalon zone, 

Newfoundland; O’Brien and King, 2004).  A single specimen similar to C. antecedens 
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was also described and figured as C. masoni from the Rawnsley Quartzite, Flinders 

Ranges, South Australia (Nedin and Jenkins, 1998), but our examination of the additional 

specimens listed in their paper revealed a heterogeneous collection of discs, discs with 

stems, and fronds that are difficult to relate to Charnia at the present time.  

 
 
 
 
Charnia Identification Key: 
 
Charniidae:  
 

A) Strongly linear Charnia with >10:1 length: width ratio. Prominent straight central 

stalk present and rare branch bundling 

Charnia wardi: Very long and tapering Charnia that distally narrows to the 

tip, with straight central ridge or furrow. Complete specimens typically with 

>10:1 length vs. width ratios. Primary branching angle typically greater than 

45° (average range between 44°-74°), with occasional acutely angled branch 

bundles (average range between 24°-35°). 

A) Ovate to cylindrical Charnia with < 10:1 length: width ratio. Midline zigzagging 

and central stalk missing — go to B 

 

B) Charnia with irregular primary branching. Primary branches rectangular and 

inconsistently branching. Significant increases in overlap from adjacent branches 

resulting in jumbled branch arrangement. Significant tapering of the proximal 

region of frond, resulting in “V-shaped” proximal region.  

 94



  

Charnia antecedens: Charnia with rectangular primary branches with 

inconsistent width shape throughout their length and acutely angled secondary 

modular elements throughout entire length of primary branch.  

B) Charnia with regular and consistent branching. Primary branches sigmoidal and 

parallel along entire length — go to C  

 

C) Smaller Charnia (less than 200 mm in length)  with fewer than 20 primary 

branches 

Charnia masoni: Cylindrical to ovate Charnia with broad, semicircular distal 

termination, zigzagging central ridge, and sigmoidal primary branches. Length 

to width ratio less than 5:1 (typically between 2:1 and 3:1). Primary branches 

highly acute (typically less than 30° from midline). 

C)  Significantly larger Charnia (greater than 500 mm in length) with greater than 20 

primary branches 

Charnia grandis 
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Chapter 4:  

 
A NEW MULTIFOLIATE RANGEOMORPH FROND FROM THE EDIACARAN  

OF NEWFOUNDLAND AND NORTHWESTERN CANADA 

 

ABSTRACT — Rangeomorphs were an Ediacaran stem group characterized by complexly 

fractally branching elements that were combined as modules to construct a wide array of 

growth forms.  Specimens of a new genus of multifoliate Ediacaran rangeomorph fronds 

are herein described informally under the name "Trepassia".   Each folium (petalodium) 

was characterized by a parallel series of primary rangeomorph branches that emerged 

along a common branching plane.  In contrast with other rangeomorph fronds such as 

Rangea, branches in “Trepassia” were not attached to their neighbours, and this 

commonly resulted in significant branch overlapping in preserved specimens. Specimens 

of "Trepassia" are preserved in four different taphonomic styles:  two types of 

Conception-style preservation beneath thin and thick ash (positive epirelief preservation) 

from Mistaken Point, Newfoundland; Nama-style of preservation within muddy turbidites 

from Spaniard's Bay, Newfoundland; and Fermeuse-style positive hyporelief beneath a 

sandy turbidite in the Sheepbed Formation of northwestern Canada. Only through 

detailed comparison of specimens from all four preservational regimes was it possible to 

reconstruct the original morphology of "Trepassia" and to isolate specific features which 

were entirely taphonomic in nature from those which represent true morphological 

characters.   
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INTRODUCTION: 

The terminal Neoproterozoic Ediacaran period represents a pivotal time in Earth history, 

marked by the biotic transition from microscopic, morphologically static, mainly 

photosynthesizing prokaryotes and eukaryotes, into macroscopic, morphologically 

complex, filter-feeding or direct nutrient absorbing organisms of metazoan grade (Knoll, 

2003; Narbonne, 2005; Butterfield, 2007). Typifying this transition is the Ediacara Biota 

(ca. 575-543 Ma), a taxonomically diverse group of soft-bodied organisms that may 

represent stem- and crown-group metazoans, and root stock to all modern animals, in 

addition to an assortment of “failed experiments” in the early evolution of the Metazoa 

(Seilacher 1992; Narbonne, 2004). Among the myriad of constructional regimes utilized 

by the Ediacara Biota, the Rangeomorpha (Pflug, 1972b; Jenkins, 1985; Narbonne, 2004) 

constitute the most complex bauplan, due in part to their innate “fractal quilting” that 

highlights a repetitive pattern that is self-similar over at least three orders of branching 

(Narbonne, 2004). The “fractal quilting” showcases an alternative to modern animal 

construction, although rangeomorphs must have shared key ecological properties 

allowing them to construct and manage modern-style ecosystems prior to the Cambrian, 

despite having a limited range of functional and morphological complexity when 

compared to Phanerozoic and modern ecosystems (Clapham et al., 2003; Bambach et al., 

2007). 

 

Rangeomorphs communities at Mistaken Point, Newfoundland, Canada, effectively 

stratified the water column by occupying several ecological tier levels within their 

paleocommunity (Clapham and Narbonne, 2002), from basal sediment-reclining 
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Fractofusus (Gehling and Narbonne, 2007) to mid-level bush-shaped Bradgatia and 

pectinates (Narbonne 2004), to higher tiered fronds such as Charnia (Chapter 3). 

Epifaunal rangeomorph fronds are characterized by a complex, multifoliate petalodium 

which is divided into several identical branching planes (petaloids) along which multiple 

unconstrained primary rangeomorph branches diverge. Each primary branch housed a 

series of unconstrained rangeomorph frondlets. The frond was anchored to the substrate 

by a basal, possibly buried, holdfast.  

 

Rangeomorphs have a worldwide distribution, with known examples from Australia 

(Gehling, 1991), Russia (Fedonkin, 1984; Grazhdankin, 2004), Namibia (Pflug, 1972; 

Jenkins, 1985; Grazhdankin and Seilacher, 2005), England (Boynton and Ford, 1995; 

Brasier and Antcliffe, 2004), and most notably from Mistaken Point Newfoundland, 

where they constitute approximately 75% of all individuals and species in the assemblage 

(Bottjer and Clapham, 2006). A new species of tiered rangeomorph frond, “Trepassia”, is 

herein informally described from Mistaken Point and Spaniard’s Bay of Newfoundland. 

In addition, a single specimen from the Mackenzie Mountains of northwestern Canada is 

also referred to “Trepassia”, making it the first rangeomorph described from Laurentia.  

 

Although “Trepassia” represents a valid new taxon that can be differentiated from all 

presently described species of Ediacara Biota, ongoing work at Spaniard’s Bay, 

Newfoundland, may result in an expanded systematic description and a different choice 

of holotypes and accompanying comparative material. For this reason, we prefer an 

informal description until the collaborative work in Spaniard’s Bay is completed.  
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GEOGRAPHIC AND STRATIGRAPHIC SETTING: 

The majority of specimens of “Trepassia” were collected and photographed from the 

Avalon zone of Newfoundland, Canada (Fig. 4.1C). During the Neoproterozoic, Avalonia 

consisted of a string of volcanic arcs located off the northwestern coast of Amazonia 

(Murphy et al., 2002). Avalonia was composed of two main sections, with eastern 

Avalonia forming the fossiliferous strata of Charnwood Forest, England, and western 

Avalonia represented by the Ediacaran assemblage of Mistaken Point and Spaniard’s Bay 

Newfoundland.  

 

The Mistaken Point Biota was first reported by Anderson and Misra (1968) and Misra 

(1969), and subsequently documented by numerous authors (see review in Narbonne et 

al. 2001). Sedimentological analyses have interpreted the Mistaken Point and 

surrounding assemblages in the southern Avalon Peninsula as deep-water basin axis and 

slope environments, well below storm wave-base and the photic zone (Misra 1971; 1981; 

Benus 1988; Wood et al. 2003; Narbonne et al. 2005). The Conception Group is 

dominated by fine- to medium-grained turbidites (rare T(b)cde beds, typically Tde) 

interspersed by thin interturbidite siltstone beds that contain the fossil horizons (Wood et 

al. 2003). Available U-Pb dates on volcanic ashes associated with the Mistaken Point 

fossil assemblages range between 575 and 565 Ma (Dunning in Benus 1988; Bowring et 

al. 2003), thus predating all other known assemblages of Ediacara Biota (Martin et al. 

2000; Condon et al. 2005; Narbonne 2005). Interturbidite fossil beds are commonly 

overlain by volcanic ash, resulting in accelerated lithification and allowing for the  
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Figure 4.1: Geographic and stratigraphic distribution of “Trepassia”. Top: Map of 

Canada (northern islands excluded) indicating (A) Mackenzie Mountains of northwestern 

Canada and (C) Mistaken Point and Spaniards Bay Newfoundland. A) Top: Detailed 

location map of Mackenzie Mountains. Modified from Narbonne et al. (1994). B) 

Bottom: Stratigraphic section indicating diversity of Ediacara Biota and trace fossils. 

Black/Grey circle indicating specimen preserved in Fermeuse-type of preservation. 

Modified from Narbonne et al. (1994). C) Top: Detailed location map of Mistaken Point 

and Spaniards Bay, Newfoundland. D) Bottom: Stratigraphic section. Black/white circles 

indicating specimens preserved in Conception-style of preservation with thin ash, black 

circles indicates specimens preserved in Conception-style of preservation with thick ash, 

and white circles indicates specimens preserved in Nama-style of preservation. U-Pb 

dates from Dunning in Benus (1988) and Bowring et al. (2003).  
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preservation of the soft-bodied Ediacaran organisms in positive epirelief on the upper 

surfaces of fine-grained siltstone bedding planes (“Conception-style” preservation of 

Narbonne 2005). Western Avalonia has been subjected to penetrative tectonic 

deformation resulting in significant (average 40%) shortening of all Ediacaran fossils 

perpendicular to cleavage. This shortening results in the deformation of circular 

structures, such as basal anchoring discs of fronds, into ovals with the short axis parallel 

to the direction of shortening. Restoration of the deformed fossils can be achieved 

through mathematical and photographic corrections termed retrodeformation (Wood et al. 

2003). All measurements and photographs presented herein have been corrected for 

tectonic shortening.  

 

Spaniards Bay, located along the western coast of Conception Bay, northern Avalon 

Peninsula of Newfoundland (Fig. 4.1C), has been interpreted by Ichaso et al. (2007) as a 

deep-marine basin during the transition from a forearc to a pull-apart basin. “Trepassia” 

from Spaniard’s Bay is known from two specimens near the top of the Trepassey 

Formation of the lowermost St. John’s Group (Fig. 4.1C). As is the case in the southern 

Avalon, the Trepassey Fm. from Spaniard’s Bay represents a deep-water 

paleoenvironment consisting almost exclusively of very thin-bedded Tde turbidites and 

deposited on a basin-margin slope (Ichaso et al. 2007). Ediacaran fossils from the 

Trepassey of Spaniard’s Bay are exquisitely preserved within a muddy, distal Tde 

turbidite, representing “Nama-style” preservation of Narbonne (2005), and lack tectonic-

related deformation typically associated with Ediacaran fossils from western Avalonia 

(Narbonne, 2004). 
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An additional specimen of “Trepassia” was collected from frost-shattered outcrop 

approximately 165 m below the top of the Sheepbed Fm. at Sekwi Brook North 

(Windermere Supergroup) of the Mackenzie Mountains, northwestern Canada (Fig. 

4.1A), and represents the first description of a rangeomorph Ediacaran from western 

Laurentia. Precise stratigraphic and locality data are provided in Narbonne and Aitken 

(1990, location 2 at Sekwi Brook North) and Narbonne et al. (1994). The Windermere 

Supergroup consists of a series of three, kilometer-scale, shallowing-upwards successions 

(Grand Cycles, Aitken, 1978) of siliciclastic turbidites that pass upwards into carbonates 

(Aitken, 1989; Narbonne and Aitken, 1990; 1995). “Trepassia” occurs with numerous 

discs, some of them with preserved stem attachments, that can be referred to the form 

genus Aspidella, and a few specimens of tentaculate discs (Eoporpita and Hiemalora). 

Trace fossils and bilaterian body fossils are strictly absent and do not appear in the region 

until the younger Blueflower Fm. (Narbonne et al., 1994). Strata of the Sheepbed Fm. are 

interpreted as a passive-margin continental-slope setting located well below storm wave 

base (Narbonne and Aitken, 1990; Dalrymple and Narbonne, 1996; James et al., 2001). 

Process sedimentological studies imply that “Trepassia” lived on a continental slope 

more than one km deep dominated by turbidite and contourite deposition (Dalrymple and 

Narbonne, 1996). Ash beds are not known from the Sheepbed Fm.; however, 

stratigraphic position and C- and Sr-isotope chemostratigraphy imply an age that 

considerably postdates the Marinoan (Ice Brook) global glaciations (Narbonne and 

Aitken, 1995; James et al. 2001) dated at approximately 635 Ma in China (Condon et al. 

2005) and Oman (Brasier et al. 2000), and predates the late Ediacaran C-isotope plateau 
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at 549 Ma (Narbonne et al., 1994; Kaufman et al., 1997). Ediacaran fossils from the 

Windermere Supergroup are preserved as positive features on the undersides of sandstone 

beds (positive hyporelief), and are typically poorly preserved (“Fermeuse-style” 

preservation of Narbonne, 2005) in comparison with similar specimens from 

Newfoundland. “Fermeuse-style” preservation typically restricts preservation to the 

underside of Ediacaran frond holdfasts and trace fossils of organisms crawling at the 

sediment-microbial mat interface. The preservation of fronds from the Sheepbed Fm. 

represents a rare glimpse into the true diversity of Ediacara Biota from Laurentia. 

Younger strata of the Blueflower Fm. have yielded additional Ediacaran taxa, including 

primitive dickinsonid Windermeria and fronds and discs (Fig. 4.1B; Narbonne et al, 

1994). The Blueflower Fm. is notable for its abundant and diverse assemblage of trace 

fossils (Fig. 4.1B; Hofmann, 1981; Narbonne and Aitken, 1990; Narbonne et al, 1994).   

 

In summary, specimens of “Trepassia” were collected from paleogeographically 

segregated localities suggesting that the Ediacara Biota were not restricted by 

Phanerozoic-style provinciality, despite the high degree of endemism displayed by some 

Ediacaran lagerstatte (Waggoner, 1999; Narbonne, 2005). Similarities between these 

otherwise disparate fossil assemblages of Avalonia and Laurentia include their presumed 

paleoecological setting located within deep-sea slope and basin paleoenvironments, well 

below storm-wave-base and the photic zone. Furthermore, the Mistaken Point, Trepassey, 

and Sheepbed formations are considered to be amongst the oldest Ediacaran fossil-

bearing assemblages, several millions to tens of millions of years older than the world 

famous assemblages of the White Sea of Russia and Namibia (Narbonne, 1998; 2005).    
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TAPHONOMY: 

Due to the absence of any skeletal hard parts typical of Phanerozoic fossil assemblages, 

the taphonomic setting that allowed for the preservation of soft-bodied Ediacara Biota in 

coarse-grained sediments must remain central in any morphological description (Gehling, 

1999; Narbonne, 2005). Studies of the Ediacara Biota have inherited much of the 

methodology and terminology used in the interpretation of trace fossils due to their 

preservation as impression on the tops or bottoms of beds, or even within high energy 

storm event beds or turbiditic debris flows. Four distinct preservational regimes were 

outlined by Narbonne (2005) and are believed to have a significant influence on the 

quality, diversity, and disparity of Ediacara Biota, and may in part explain the present 

clustering of Ediacara-type fossils into three distinct assemblages (Waggoner, 2003). 

“Trepassia” was preserved in three of the four preservational regimes outlined by 

Narbonne (2005), and offers a unique opportunity to compare what morphological 

information, if any, is lost/gained between different preservational settings. Only through 

detailed comparisons of specimens preserved in different taphonomic regimes was it 

possible to correctly reconstruct the three-dimensional morphology of this organism.  

 

Conception-style preservation (Fig. 4.2A, D) is characterized by the casting by volcanic 

ash of the upper surfaces of structurally resistant body parts such as the basal holdfasts, 

stems, and stalks of epifaunal fronds, and the lower surfaces of structurally delicate parts 

such as frond petaloids, or the underside of benthic recliners such as  
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Figure 4.2: Descriptive morphology of “Trepassia”. A) Latex specimen preserved in 

Conception-style of preservation with thick ash from the Mistaken Point Fm. B) 

Specimen preserved in Nama-style of preservation within ash from the Trepassey Fm. C) 

Specimen preserved in Fermeuse-style of preservation beneath sandy beds from the 

Sheepbed Fm. D) Specimen preserved in Conception-style of preservation with thin ash 

from the Briscal Fm. Scale bar 1 cm.  
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Fractofusus (Gehling and Narbonne, 2007). Volcanic ash limits the preservation of 

morphological features to those that lay directly between overlying volcanic ash and 

underlying sediment. Ash that came between any part of the organism and the sediment 

drastically reduced the preservational potential, which explains the predictable trend of 

decreased preservational quality from the well-preserved basal holdfast into the typically 

poorly preserved distal petaloids of epifaunal fronds (Seilacher, 1992; Chapter 2). Due to 

the increased ease of lithification of ash in comparison with sand or mud, the cast of the 

organism within the overlying hardened ash was injected with the underlying mud, 

resulting in the moulded impression of the organism on the upper surface of the bed. The 

thickness and coarseness of the volcanic ash/tuff dictates the amount of relief expressed 

by the fossil, as coarser ash was less prone to compaction by overlying sediment, and 

resulted in higher relief of the fossil on the bed (Narbonne and Gehling, 2003; Chapter 3). 

The thickness of the overlying ash is also thought to be responsible for the amount of 

relief found within specimens, with examples from the Briscal Fm. of Mistaken Point 

being preserved as darkened impressions lacking any relief on the upper surface of the 

bed (and only visible when the rock is wet (Fig. 4.2D) due to the relativly thin blanket of 

volcanic ash (Narbonne et al., 2001; 2005). All specimens of “Trepassia” from the 

Briscal and Mistaken Point formations represent Conception-style preservation.  

 

Nama-style preservation (Fig. 4.2B) consists of three dimensional casting of the delicate, 

soft-bodied Ediacara Biota within fine-grained event beds resulting from storm or mass-

flow events (Narbonne 2005). As demonstrated from specimens of “Trepassia” from the 

Trepassey Fm. of the St. John’s Group of Spaniards Bay, Newfoundland, the exquisite 
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preservation allows for the identification of morphological characters one tenth of a 

millimeter in size (Narbonne, 2004). Furthermore, the three-dimensional casting allows 

for the differentiation of multiple petaloids in multifoliate fronds, which must be 

interpreted from indirect evidence where preserved in other preservational media 

(Chapter 3). It was proposed by Dzik (1999) and Narbonne (2005) that Nama-style 

preservation may, in fact, allow for the preservation of internal rather than external 

features, therefore revealing hypothesized internal, soft-bodied organic skeletons serving 

as primary structural supports for epifaunal fronds. “Trepassia” from Spaniards Bay 

appears to substantiate these claims by preserving in positive relief the presumed internal 

stalk that serves as the branching point for all primary rangeomorph petaloids (Fig 4.2B; 

see systematic paleontology).  

 

Fermeuse-style preservation (Fig. 4.2C) is characterized by positive impressions on the 

soles of beds, and is typically restricted to trace fossils or the underside of basal 

anchoring discs of Ediacaran fronds (Aspidella, Gehling et al. 2000). Poorly preserved 

and exceptionally rare fronds such as Charniodiscus and Pteridinium have previously 

been described from the Mackenzie Mountains of northwestern Canada (Hofmann, 1981; 

Narbonne and Hofmann, 1987; Narbonne and Aitken, 1990). It was hypothesized that the 

distinction between superbly-preserved Flinders-style and poorly-preserved Fermeuse-

style modes of preservation lies in the thickness and/or biological affinity (Narbonne, 

2005) of the microbial mat responsible for Gehling’s (1999) “Death-Mask” preservation. 

The isolated occurrence of a rangeomorph frond from the Sheepbed Fm. may therefore 

represent a window of increased preservational potential uncommon in Fermeuse-style 
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preservation, and helps to reveal the true diversity of Ediacara Biota occupying the deep-

sea slopes of Laurentia. “Trepassia” from the Sheepbed Fm. of Sekwi Brook, Mackenzie 

Mountains, northwestern Canada, is virtually indistinguishable from specimens collected 

and photographed from Newfoundland, and is essential in elucidating the true external 

morphology of this organism.  

 

INFORMAL SYSTEMATIC PALEONTOLOGY: 

All collected specimens are reposited with the Geological Survey of Canada (Ottawa) 

(Number) and the Royal Ontario Museum (Toronto) (Number). Terminology follows 

Narbonne (2005) for taphonomy, and Chapters 2, 3, and 5, Narbonne et al. (1997), Pflug 

(1970) and Jenkins and Gehling (1978) for morphology.   

 

“Trepassia” 

Figs. 4.2 – 4.4  

 

SEILACHER, 1992, p. 608, Fig. 1 “partim”. 

SEILACHER, 1999, p. 98, Fig. 3 “partim”.  

“Small tree-like form” and “Charnia composite morph” NARBONNE, DALRYMPLE, AND 

GEHLING, 2001, p. 26, Pl. 1E and H “partim”. 

“small, unnamed frond-shaped fossil” WOOD, DALRYMPLE, NARBONNE, GEHLING, AND 

CLAPHAM, 2003, p. 1383, Fig. 9 “partim”. 

LAFLAMME, NARBONNE, AND ANDERSON, 2004, p. 830, fig. 3.1 “partim”. 

“Frond shaped rangeomorph” NARBONNE, 2005, p. C1, fig. 2A “partim”.  
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“Spatulate Rangid” and “Short Stem Rangid” NARBONNE, DALRYMPLE, LAFLAMME, 

GEHLING AND BOYCE, 2005, p. 28, Pl. 1K and N.  

 

Diagnosis — Obovate- to elliptic-shaped, distally widening, multifoliate rangeomorph 

petalodium. Primary branches diverge from anchoring sites at 30° to 90° angles on either 

side of the prominent central furrow/stalk. Opposing primary branches diverge off the 

stalk at regular intervals along the entire length of the stalk and consistently overlap 

adjacent branches, resulting in branch bundling. Petalodium directly attached to basal 

anchoring disc, lacking a stem.  

 

Description — The petalodium of “Trepassia” is obovate to elliptic in shape, with a 

significantly wider distal margin when compared to the “V”-shaped anterior region. The 

petalodium consists of at least three identical branching planes (petaloids; Fig. 4.2B, 4.3) 

from which diverge several (between 8 and 22) independent and unconstrained primary 

rangeomorph branches diverging along the entire length of the stalk. Each primary 

branch consists of several secondary unconstrained rangeomorph frondlets capable of 

rotating and folding over (Fig. 4.3). The unconstrained primary branches forming the 

petaloid branching planes are between 7.1 and 28.1 cm long (average 11.5 cm [n= 21]) 

and 1.2 cm and 4.6 cm wide (average 2.6 cm [n= 21]) at their widest point, resulting in an 

average length-to-width ratio of 4:1. It is believed that each primary branch represents a 

single rangeomorph element, which is in turn made up of several independent and 

unconstrained secondary rangeomorph frondlets that are identical over at least three 

orders of fracticality (Fig. 4.2B). Since each primary branch and each secondary 
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 rangeomorph frondlet are unconstrained, typically only half of a rangeomorph 

frondlet/branch is visible due to inferred overlapping by adjacent frondlets/branches 

which were free to move and typically came to rest upon adjacent frondlets/branches 

during fossilization (Fig. 4.3).   

 

A false bilateral symmetry between both petaloids on either side of the central furrow 

results from a preservational artifact. Primary branches diverge from the central stalk at 

various angles, ranging from less than 30° up to nearly 90°, which results in smaller 

(obtusely angled) and significantly longer (acutely angled) branches on either side of the 

central furrow/stalk despite similar branching loci. Despite this morphological 

discrepancy in branching angle and length, the width of each petaloid is strikingly 

similar, suggesting that the true distal termination of each primary branch may lie outside 

of the taphonomic window allowing for preservation (see remarks below). Where two 

closely spaced branches significantly differ in branching angle due to their unconstrained 

morphology, overlapping and bundling typically occurs (Fig. 4.2). Branch bundling 

results in a greater exposure of the frondlets located underneath the displaced branch (i.e. 

diverging from a different petaloid branching plane), although it also results in an 

increased amount of overlap with all other adjacent branches and therefore reduces the 

exposure of the consequently overridden frondlets. Primary branches diverge along the 

entire length of the stalk, which is attached directly to the basal anchoring disc (between 

1.0 and 2.9 cm diameter). There is no stem. The basal disc is typically poorly preserved, 

and unornamented or with a slightly raised central boss.    
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Secondary rangeomorph frondlets are typically less than 1.5 cm in length and branch off 

at consistent intervals all along the entire length of the primary branches. The 

morphology of these elements is variable, with rare examples preserved in plan view with 

both halves of the element clearly present (Fig. 4.3). The overwhelming majority of 

elements are preserved either in plan view with only one half of the frondlet visible, or in 

side profile (Fig. 4.3). Exceptional circumstances also resulted in the rare preservation of 

a frondlet being twisted or rotated from its base (Fig. 4.3), demonstrating that the element 

has a flat, sheet-like morphology associated with growth within a single plane, instead of 

a bush-like growth resulting from division in multiple planes, and that both sides of the 

rangeomorph frondlet are morphologically identical (Narbonne, 2004; Chapter 5). The 

preservation of individual frondlets in plan view, in side profile, and even twisted can 

only be achieved if each individual element is a separate unit.    

 

Although specimens preserved in Conception-style positive epirelief showcase what 

appears to be a positive and distinct central stalk from which diverge the primary 

branches, latex peels which cast the Mistaken Point specimens suggest that this positive 

feature may represent a taphonomic infilling of a void by volcanic ash during 

fossilization (Fig. 4.2A). As demonstrated from a specimen preserved in Fermeuse-style 

positive hyporelief from the Sheepbed Fm. of northwestern Canada (Fig. 4.2C; 4.4I, J), 

the central axis is represented by a negative furrow as opposed to a positive stalk. Since 

the primary branches clearly originate from the central furrow, it is hypothesized that the 

branches were anchored to an internal stalk located outside of the preservational plane 

beneath the central furrow. Furthermore, basal branches in the specimen of “Trepassia”  
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Figure 4.4: Specimens of “Trepassia” A-B) From the “D” surface of Mistaken Point, 

Mistaken Point Fm. C) From Lower Mistaken Point, Mistaken Point Fm. D-F) From the 

“E” surface of Mistaken Point, Mistaken Point Fm. G-H) From Bristy Cove, Briscal Fm. 

I-J) Single specimen from the Mackenzie Mountains, Sheepbed Fm. Scale bar 1 cm.  
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from Spaniards Bay clearly overlie the central stalk, thus obscuring its preservation (grey 

arrows “Branches Overlapping Stalk”, Fig. 4.2B). This evidence was used to conclude 

that the stalk represented an internal anchoring structure in Charnia wardi, and its 

preservation represents a composite molding of the internal stalk (Narbonne and Gehling, 

2003; chapter 3).  

 

The holotype ROM 38648 (Fig. 4.2D) was collected from Bristy Cove within the Briscal 

Fm. of the Conception Group (Fig. 4.1B). The petalodium is 7.16 cm long and 2.43 cm at 

the widest point, with each petaloid branching plane 1.22 cm wide and composed of 12 

primary branches on either side of the central furrow. The basal holdfast is 1.6 cm in 

diameter.  

 

Material — The holotype ROM 38648 was collected from Bristy Cove, Briscal Fm., 

Conception Group. Three additional fragmentary specimens (ROM36853 [Fig. 4.4G]; 

ROM36850, and ROM 36852) were collected from the same Bristy Cove locality. A 

single fragmentary specimen (GSC Number; Fig. 4.2C; 4.4I-J) was collected from the 

Sheepbed Fm. at Sekwi Brook North (Windermere Supergroup) of the Mackenzie 

Mountains, northwestern Canada. Additional material include latex peels and/or 

photographs (but not collected due to their protected status within an ecological reserve) 

of one additional specimen from Bristy Cove (Briscal Fm.), two from Gull Rock Cove 

(Mistaken Point Fm.; Fig. 4.4C), two specimens from Mistaken Point “D” surface 

(Mistaken Point Fm., Fig. 4.4A-B), 13 specimens from Mistaken Point “E” surface 

(Mistaken Point Fm., Fig. 4.4 D-F), and one specimen from Spaniards Bay, Trepassey 
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Fm. (Fig. 4.2B). Several additional specimens from the Briscal and Mistaken Point 

formations were used in morphological comparisons but were too poorly preserved for 

accurate measurement.  

 

Remarks and Reconstruction — “Trepassia” is a complex, multifoliate frond. 

Taphonomic and morphological evidence imply that the petaloids are composed of 

primary branches that pass off the central stalk in multiple (at least 3) planes, that result 

in a multifoliate, inverted cone-shaped structure somewhat resembling a revolving door 

(Fig. 4.5). Unlike traditional multifoliate fronds such as Rangea and Swartpuntia, the 

primary branches of “Trepassia” are neither sutured together nor attached to a sheet. 

Each primary branch was free to move passively due to water currents and therefore had 

a greater amount of surface area in contact with water. Unlike the arboresent branching 

pattern typical of bushes, the branches of “Trepassia” were restricted to individual 

branching planes, as demonstrated by the limited amount of branches crossing over the 

midline from the opposite petaloid and the clearly defined central furrow or stalk. An 

arborescent branching pattern would result in a disorganized branching pattern with 

significant crossing over the midline. An unconstrained multifoliate frond would 

resemble a revolving door in which each door would be more similar to a slotted fence 

than a plate-glass window. Where flattened on the substrate and buried by ash 

(Conception-style preservation; Fig. 4.2A, D), only two petaloid branching planes are 

typically preserved which results in a bilaterally symmetrical “sheet” on either side of the 

central furrow. Additional branching planes are missing from the final fossilized frond.  
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Taphonomy is also responsible for the differences in primary branch size being correlated 

with branching angle, since branches that are obtusely angled are not completely 

preserved, with their distal edges lying out of the preservational window. This 

taphonomic bias suggests that measurements presented herein represent minimum 

distances only. Primary rangeomorph branches diverge from the stalk in several different 

planes, resulting in several primary branches lying on top of each other. Primary 

rangeomorph branches lying in different planes are only visible where the top branches 

are bent, folded or missing, thereby revealing the hidden underlying petalodia (Fig. 4.3). 

Typically, multifoliate Ediacaran fronds have been interpreted as sheet-like petaloids in 

which all primary branches were rigidly assembled and possibly anchored at both the 

proximal stem and a distal margin. “Trepassia” represents a case in which the primary 

branches were only anchored along the primary stalk, and were free to move at their 

distal margins. Each branching plane is still considered a petaloid despite the absence of a 

distal margin.   

 

The varying shape of the frond outline results from the preservation of an artificial rim 

that is created from the termination of each independent primary branch, which diverge 

from the central stalk at various angles. The outer rim that is prominently preserved in 

several specimens (Fig 4.4B-F) is interpreted to represent a taphonomic “ghost” resulting 

from ash preservation, which creates a boundary rim of accumulated ash between the 

frond and the surrounding substrate. As demonstrated in specimens from thin ash (Fig. 

4.2D; 4.4G-H), the outer rim is non-existent. Furthermore, the typical overfolding, 

overlapping, and branch bundling of the primary branches and secondary frondlets is 
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difficult to explain if the branches were constrained or anchored at both ends (proximally 

at the stalk, and distally along a marginal rim).  

 

Due to overlapping with adjacent branches, typically only half of the primary 

rangeomorph element is visible at any one time, except where adjacent frondlets were 

displaced to reveal the full branch. As rangeomorph elements were only anchored at their 

bases (along the primary branches), unconstrained secondary frondlets could come loose 

from the rest of the closely packed frondlets along the same branch, which explains the 

resulting preservation of a complete frondlet in plan view (Fig. 4.3). Evidence for the 

independence of each frondlet is further provided by specimens in which secondary 

frondlets are rotated and twisted upon themselves (Fig. 4.3). This appears to be in stark 

contrast with most rangeomorph representatives such as Fractofusus and Rangea (Jenkins 

et al, 1985; Grazdhankin and Seilacher, 2005; Gehling and Narbonne, 2007), which have 

a rigid and constrained branching architecture, and with highly unconstrained 

rangeomorph branching typical of Bradgatia, in which the branches stem from a central 

point and lack any further control.    

 

Specimens preserved in Conception-style positive epirelief display a positive central 

ridge from which diverge the primary branches, although latex peels from Mistaken Point 

suggest that this positive feature may represent void infilling by volcanic ash during 

fossilization (Fig. 4.2A). Further evidence for the negative relief of the central axis is 

provided by a specimen preserved in Fermeuse-style positive hyporelief from the 

Sheepbed Fm. of northwestern Canada (Fig. 4.2C; 4.4I, J), in which a central furrow is 
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clearly visible. This taphonomic peculiarity at Mistaken Point results from the trapping 

and accumulation of mud filling the void through injection of mud from beneath the 

specimen. As the petaloids came to rest on the substrate, the majority of the topside 

petaloids were cast by ash. As the bottom petaloids came to rest on the muddy substrate, 

the central stalk is hypothesized to have been arched away from the sediment/water 

interface. When the volcanic ash lithified and basal mud was injected into the cast, the 

stalk was not preserved since the void was filled with sediment, producing the positive 

structure. The true stalk appears as a positive structure in specimens from Spaniards Bay, 

with evidence of primary branches lying on top of the presumed internal stalk preserved 

as a composite molding (Fig. 4.2B).    

 

Two distinct preservational states can be seen in specimens of the classic Mistaken Point 

“E”-surface: poorly preserved specimens in which only a handful of rangeomorph 

frondlets are decipherable; and specimens displaying well-preserved rangeomorph 

frondlets. The overwhelming majority of specimens is poorly preserved but still display 

the obovate- to elliptic-shaped petalodia lacking a stem and composed of rangeomorph 

frondlets (Fig. 4.4A-F). These specimens are preferentially aligned with all other 

Ediacaran frond taxa, and lie perpendicular to the prevalent tectonic compressional forces 

that affected the entire Avalon assemblage. In contrast, superbly preserved specimens are 

felled at 90° from the prevailing Ediacaran frond orientation (at Mistaken Point “E” of 

Landing et al. 1988 or fossil bed F12 of Wood et al., 2003) and lie parallel to the tectonic 

compressional forces (Fig. 4.2A; 4.3). Specimens lying at 90° from the prevailing felling 

direction on the Mistaken Point “E” surface are aligned parallel with the contourite flow 
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(Wood et al. 2003), and presumably were killed prior to the turbidite event which 

smothered and oriented all epifaunal taxa down slope. Since these individuals were lying 

directly on the sediment prior to the ashfall, significantly better preservation of finer-

scale details would be expected (Narbonne, 2005). Furthermore, in the best preserved 

specimen at Mistaken Point “E” (Fig. 4.3), which has an overfolded petaloid allowing for 

the identification of a hidden third petaloid behind the first two, the petaloid is folded 

over in the down-slope direction of the turbidite mass-flow currents (upwards on the 

rotated picture).     

 

Comparisons — The overall Ediacaran frond morphology, consisting of a broad frond 

region anchored to the substrate with a basal, disc-shaped holdfast, cannot be used as a 

taxonomically valid means of grouping species (Chapter 5). As a multifoliate, 

rangeomorph frond, “Trepassia” is most similar to Rangea. In Rangea, the primary 

rangeomorph branches (MS in Jenkins 1985, Fig. 4.3) bifurcate from the central stalk at 

roughly right angles, and are parallel to one another along the entire length of the primary 

branch, in stark contrast with “Trepassia”, which has a wide range of branching angles 

and significant branch bundling. Furthermore, in Rangea, a smaller secondary set of 

primary branches (SS in Jenkins 1985, Fig. 4.3) are found in-between the major set of 

branches (MS in Jenkins 1985, Fig. 4.3), strikingly absent from “Trepassia”. Other 

multifoliate fronds include Swartpuntia, but the primary rangeomorph branches of 

“Trepassia” are structurally dissimilar from the featureless “quilted mattress” foliation of 

Swartpuntia (Narbonne et al. 1997). The unconstrained nature of each primary 

rangeomorph branch in “Trepassia” is also strikingly dissimilar from the sheet-like 
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petaloids of Swartpuntia in which the primary branches are attached to one another (or to 

a sheet) and therefore never bundle (Narbonne et al., 1997; Chapter 5). The multifoliate 

nature of “Trepassia” contrasts with the uniplanar, bifoliate branching of Charnia. 

Charnia is similar to “Trepassia” in possessing rangeomorph frondlets, however the 

primary branching pattern in “Trepassia” accentuates a prominent and straight central 

furrow compared to the branching pattern of Charnia which highlights an alternating and 

overlapping of the primary branches resulting in a zigzagging central midline (although 

see Charnia wardi in Narbonne and Gehling, 2003 and Chapter 2). The repetitive 

structural “rigidity” of Charnia contrasts with the unconstrained morphology of 

“Trepassia”, while the dominance of well-preserved rangeomorph frondlets differs from 

the typically poorly preserved rangeomorph elements in Charnia (when present). The 

rangeomorph elements present in Charnia are significantly smaller and more poorly 

preserved in comparison with “Trepassia”. “Trepassia” is most similar to Charnia 

antecedens (Chapter 3), although the straight central furrow and the presence of well-

preserved rangeomorph frondlets in “Trepassia” allow for its distinction. The bifoliate 

frond Charniodiscus is differentiated based on branching arrangement, the microstructure 

within each primary branch (Arborea-type vs. Rangea-type branching, chapter 5), and the 

varying branching angle in “Trepassia”. The absence of an outer rim in “Trepassia” 

contrasts with the well preserved outer margin present in every species of Charniodiscus 

(Jenkins and Gehling, 1978; Jenkins, 1996; Chapter 2). Finally, “Trepassia” does not 

have a stem.    
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Etymology — “Trepassia” is in reference to the town of Trepassey, which is loosely 

translated from the French Baie des Trépassés, for “those who have departed forever”. 

“Trepassia” is named in honour of the residents of Trepassey and Portugal Cove South, 

who stand as vigilant guards over their most ancient fossil heritage and have been 

involved in almost every aspect of their protection.  

 

Occurrences — “Trepassia” is known from Bristy Cove (Briscal Fm.), Gull Rock Cove 

(Mistaken Point Fm.), Mistaken Point “D” and “E” (Mistaken Point Fm.) and Spaniards 

Bay (Trepassey Fm.). “Trepassia” is also known from the Sheepbed Fm. of Sekwi Brook 

North, northwestern Canada.    

 

EVOLUTIONARY IMPLICATIONS AND CONCLUSIONS: 

“Trepassia” extends the geographical range and diversity of rangeomorph Ediacara 

Biota, and demonstrates an architectural alternative to fronds such as Rangea. All 

rangeomorphs contain centimeter-scale rangeomorph elements or frondlet as their 

primary constructional unit (Jenkins, 1985; Narbonne, 2004), which can then be modified 

into a diverse array of morphological forms including surface recliners (Fractofusus), 

bushes (Bradgatia), nets (“pectinates”, “networks”), and fronds (Rangea, “Trepassia”).  

 

A general trend towards increased structural rigidity has been identified within the 

Charnia-type rangeomorphs (Chapter 3 and 5), with the oldest representatives such as 

Charnia wardi and Charnia antecedens being characterized by loosely constrained 

primary branches which resulted in significant overlapping of these branching structures 
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(Chapter 3). Later representatives of Charnia masoni were significantly more robust with 

no evidence of branch bundling, and this may have allowed Charnia to leave the quiet 

settings associated with deeper waters (Chapter 3). This trend is further developed with 

“Trepassia”, which has highly unconstrained primary branches and rangeomorph 

frondlets, which is in stark contrast with the highly organized and structurally uniform 

construction of Rangea, a later (555-549 Ma) rangeomorph frond known mainly from 

shallow-water settings (Jenkins, 1985; Grazhdankin and Seilacher, 2005).  

 

Rangeomorphs tiered the water column for nutrients (Clapham and Narbonne, 2002), as 

the rangeomorph element may have represented a means of increasing the surface area in 

contact with bioavailable dissolved nutrients in the water column (Sperling and Peterson, 

in press). Alternatively, the rangeomorph element may represent a means of adding 

structural rigidity to the soft-bodied Ediacara Biota by serving as an internal organic 

skeleton (Narbonne, 2004; 2005), although “Trepassia” is characterized by an internal 

stalk which would have served as the primary structural unit and branching point for all 

primary branches, and is represented by cylindrical rather than “fractal” morphology. 

Regardless of the functional properties of the rangeomorph element, this morphological 

structure represents a shared ancestry between all rangeomorph ediacarans, and 

represents a “failed experiment” in constructional morphology never to be repeated after 

the rise of crown-group metazoans during the “Cambrian Explosion” of life. 

 

 

 

 128



  

ACKNOWLEDGMENTS: 

Special thanks are extended to A. Dececchi, C. Greentree, M. Mussa-Caleca, and S. 

Villeneuve for exceptional assistance in the field and laboratory. Field work in the 

Mistaken Point Ecological Reserve was carried out under Scientific Research Permits 

granted by the Parks and Natural Areas Division, Government of Newfoundland and 

Labrador. Research was funded by a Queen's Graduate Award, Ontario Graduate 

Scholarship, and a PGSD scholarship from the Natural Sciences and Engineering 

Research Council to Laflamme, and continual research grants from the Natural Sciences 

and Engineering Research Council to Narbonne. Especial thanks are extended to the 

people of Portugal Cove South, Trepassey, and Spaniard’s Bay for their constant 

vigilance and protection of their fossil heritage.  

 129





  

 Chapter 5:  

EDIACARAN FRONDS 

 

Modified from Laflamme, M., and G. M. Narbonne. (2007) Ediacaran Fronds, 

Palaeogeography, Palaeoclimatology, Palaeoecology. Accepted May 2007. 37 pages. 

 

ABSTRACT — Leaf-shaped Ediacaran fronds such as Charniodiscus, Charnia, Rangea 

and Swartpuntia are among the most widespread and readily recognized elements of the 

soft-bodied Ediacara Biota (late Neoproterozoic). Recent papers have proposed a variety 

of possible lifestyles for Ediacaran fronds, but functional morphological analysis supports 

the traditional view that Ediacaran fronds gathered nutrients from the water column 

through filter feeding or direct nutrient absorption, resulting in the onset of Phanerozoic-

style ecological competition complete with denizens occupying distinct tiers in the water 

column. Within the standard Ediacaran frond morphoshape, four distinct branching 

architectures have been isolated: Arborea-type branching, characterized by pea-pod-like 

primary branches which house several secondary branches within the protective sheath; 

Charnia-type branching, resulting in a zigzagging central axis due to the overlapping of 

alternating sigmoidal primary branches which overlie an inferred internal stalk; Rangea-

type branching, consisting of petaloids composed of several overlapping primary 

branches which are self similar (fractal) over three orders of branching and attached to a 

straight central stalk;  and Swartpuntia-type branching, consisting of petaloids with 

unornamented tube-like primary branches. Traditional Ediacaran taxonomy has 

emphasized unity of fronds as a high-level taxon, but the frond morphology most likely 
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represents convergent evolution resulting from competition for nutrients in the water 

column.   It is recommended that any new, higher-order classification schemes highlight 

the differences in branching architecture as a way of recognizing clades within the 

Ediacara Biota. 

 

INTRODUCTION: 

The Ediacara Biota is a distinct group of large and structurally complex soft-bodied 

organisms that dominated late Neoproterozoic (Ediacaran) oceans some 575 to 543 

million years ago (Narbonne, 1998; 2005). Some may represent the oldest unequivocal 

animals, and root stock to all modern faunas (Gehling, 1987; Gehling and Rigby, 1996; 

Fedonkin and Waggoner, 1997; Lin et al., 2006), while others appear to represent failed 

experiments in the early evolution of life (Seilacher, 1992; Buss and Seilacher, 1994; 

Narbonne, 2004). The morphologically complex, leaf-shaped Ediacaran fronds are among 

the most widely recognizable forms within the Ediacara Biota. Ediacaran fronds are 

characterized by an elevated soft-bodied foliate leaf attached to a stem which was 

anchored to the seafloor by a basal attachment disc (Fig. 5.1).  

 

Several controversies surround the identification and classification of Ediacaran fronds. 

Taphonomy also affects the morphology of the organisms preserved, which has resulted 

in significant oversimplification of the true external form. Certain morphological 

relationships, such as branch overlapping or overfolding, are difficult to extract from 

nearly two-dimensional impressions in sandstone (e.g. compare the reconstruction of 

Charnia masoni in Ford, 1958 with that presented in chapter 3). From a biological  
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perspective, the classification of Ediacaran frondose organisms has also suffered from the 

aforementioned difficulties in Ediacaran preservation. Some previous workers have 

highlighted the morphological similarity between all Ediacaran fronds, and consider all 

Ediacarans displaying the frond morphology as a taxonomically valid clade, whereas 

recent workers outline the probability that the frond shape more likely represents a shared 

ecological response to a tiered ecosystem (compare Glaessner, 1979 with Narbonne et al., 

1997 and Narbonne, 2004). The mode of life of frondose organisms has also become 

controversial, and the criteria to distinguish between organisms that were buried within 

the sediment, from those which lived anchored to the substrate and extracted nutrients 

from the water column are currently being debated (compare Grazhdankin and Seilacher, 

2005 with Jenkins, 1985). 

 

This paper will review our present understanding of Ediacaran fronds through functional 

and structural comparisons with living fronds. The ultimate goal is to establish a series of 

morphological characters that allow for the segregation of Ediacaran fronds into distinct 

higher level clades.    

 

WHAT ARE FRONDS? 

From a biological perspective, the frond morphoshape is a surprisingly common 

morphological construction, spanning at least three distinct kingdoms of extant life, and 

serving multiple different functions, including light absorption, gas exchange, spore 

dispersal and filter feeding (Raven et al., 2005). Fronds are loosely defined as biological 

constructions that are composed of three distinct parts: a large, bulbous to flattened 
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foliate section, a central stem, and a holdfast or rooting anchor. In vascular plants, these 

sections are termed leaves, stems and roots, whereas nonvascular plants such as mosses 

are characterized by phyllids, axes, and roots. In marine and fresh-water algae, the 

morphoshape is divided into a blade/thallus, stipe and holdfast, while fungal fronds 

consist of a fleshy basidioma, stipe and hyphae/rhizoids. Zoologists utilize the terms 

polyp leaves, rachis, and peduncle when referring to frondose pennatulacean cnidarians. 

Each section of the frond is morphologically adapted to serve a specific function, and 

convergence towards a similar form to serve a similar function is widespread and well 

documented (Niklas, 1992). Fronds typically evolve to elevate their foliate section in 

response to local competition for nutrients (light, CO2/O2, food particles) or to allow for a 

greater dispersal potential for their reproductive spores, pollen or seeds. Frond stems 

function as a nutrient highway, by transporting energy from the leaves and water from the 

roots to the remainder of the plant, and as a support structure to elevate the frond leaf 

higher into the air/water column. Roots secure plants to the substrate and absorb water 

and nutrients from the soil, while pennatulacean peduncles anchor the colony by 

burrowing the bulbous structure into the sediment. As frond morphology is governed by 

their function, comparative morphology between modern fronds and the enigmatic 

Ediacaran fronds can allow for the elucidation of a probable function for these organisms.      

 

TERMINOLOGY OF EDIACARAN FRONDS 
 
Ediacaran fronds have been plagued with an inconsistent use of morphological terms to 

describe their morphology. Since Gürich’s (1929) first morphological reconstruction of 

Rangea, multitudes of different terms have been used to describe the morphology and 
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construction of Ediacaran fronds. Problems with morphological terminology have arisen 

due to poorly defined constraints on the original terms or due to the use of taxonomically 

biased terms that involuntarily associate the fronds with their presumed modern 

representatives. Geographic differences in terminology are also evident, with the foliate 

section of Namibian fronds typically referred to as a “petalodium” (e.g. Pflug, 1970a,b; 

Narbonne et al., 1997; Grazhdankin and Seilacher, 2002; 2005), whereas elsewhere in the 

world the same structure is most commonly called a “frond” (Jenkins and Gehling, 1978; 

Sun, 1986; Narbonne and Hofmann, 1987; Hagadorn and Waggoner, 2000; Gehling et 

al., 2000; Dzik, 2002; Clapham and Narbonne, 2002; Narbonne and Gehling, 2003; 

Clapham et al., 2003; Narbonne, 2004; Chapter 2; Grazhdankin and Seilacher, 2005; 

Narbonne, 2005; Shu et al., 2006) or “leaf-like structure” (Glaessner, 1979; Chapter 2; 

Narbonne, 2005).  Some Ediacaran workers have used the term “frond” to describe the 

entire organism (e.g. Jenkins and Gehling, 1978; Jenkins, 1985; Narbonne et al., 1997; 

Dzik, 2002; Clapham and Narbonne, 2002; Narbonne and Gehling, 2003; Grazhdankin, 

2004; Narbonne, 2004; Brasier and Antcliffe, 2004; Chapter 2; Narbonne, 2005), 

however several of these same authors and others also use the term “frond” when 

referring to the foliate section alone (see above).  

 

It is herein proposed that a suite of well defined and taxonomically independent terms be 

universally applied to all future work on Ediacaran fronds (Fig. 5.1, Table 5.1).  A 

plethora of terms were considered, and the ones chosen in this review are those that: 1) 

are based primarily on morphology rather than on presumed affinities; 2) have been used 

extensively by multiple authors in the past; and 3) have as little ambiguity in their 

 136



  

previous usage as possible.  These terms are intended to be non-genetic, and can be 

applied to infer similar morphological structures in taxonomically unrelated organisms 

possibly representing two or more separate phyla if not kingdoms.  

 

We recommend the use of the terms Ediacaran frond for the complete fossil, 

petalodium  for the ornamented leaf-like section, stem for the rigid elevating structure, 

and disc or holdfast for the anchoring structure.  The petalodium is the most complex 

and diagnostic part of the frond, and typically consists of two or more petaloids attached 

to a central stalk.  The stalk represents the extension of the stem (if present) into the 

petalodium, and is typically exhibited as an external feature (although in Charnia the 

stalk is hypothesized to be internal; Narbonne and Gehling, 2003; Chapter 3). Unifoliate 

fronds (a single petaloid attached to the stalk, much like a flag flying from a flagpole) are 

not known from any Ediacaran assemblage.  Ediacaran fronds are commonly bifoliate 

(two petaloids attached to a stalk to produce a bilaterally symmetrical frond as in 

Charniodiscus) or multifoliate (three or more petaloids attached longitudinally to the 

stalk to form a pattern like a revolving door as in Rangea or Swartpuntia). Each petaloid 

is subdivided into numerous branches, with the primary branches anchored to the 

central stalk and typically subdivided by a series of secondary branches which, in turn, 

may be subdivided into tertiary branches (Fig. 5.1). 

 

FUNCTIONAL MORPHOLOGY 

In order to gain insight into the ethology and ecology of Ediacaran fronds, we can 

compare the morphology exhibited by these fronds to those of modern representatives. 
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This approach should not be misconceived as a taxonomic comparison, but should be 

viewed as a comparison of functional morphology. 

 

Frond Leaves or Petaloids — The most distinctive portion of modern and Ediacaran 

fronds is the elevated leaf-like structure. In some fungal species (e.g. Agaricus), it serves 

as a spore-releasing structure restricted to sexually reproducing stages of their lifecycle. 

Fungal sexual reproduction involves the formation of a frond-shaped basidioma, which 

serves as the primary storage and dispersal unit of the reproductive spores (Raven et al., 

2005). The most common morphological expression of the basidioma is the toadstool, 

which is characterized by a fleshy, circular to columnar organ.  

 

When most plant or algal species are compared morphologically, a clear convergence in 

form is apparent, and is deeply rooted in a shared common function, regardless of habitat 

(land or marine), evolutionary history (vascular vs. nonvascular), or age (extinct or 

extant) (Niklas, 1992). The primary function of the leafy structure is light gathering/gas 

exchange necessary for photosynthesis, and is dependent on a large surface area to 

volume ratio (Niklas, 1992; 1994; 1997). The fine balance between increasing the surface 

area to volume ratio and the necessity to limit structural damage and water loss results in 

a convergence towards morphological structures typical of plant leaves (Niklas, 1999). 

Since water loss also increases with a high surface area to volume ratio, terrestrial plants 

opt for an increase in the number of smaller individual leaves, whereas aquatic algal and 

plants can forgo this limitation, resulting in significantly longer frond leaves. Since 

aquatic plants are not limited in height by water loss or by problems associated with 
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water transport (Pedersen and Sand-Jensen, 1993; Pedersen, 1993) and since wear and 

tear associated with gravitational forces, wind abrasion, and drastic seasonal changes are 

limited in aqueous mediums, the amount of vegetative growth associated with mechanical 

support in marine plants is negligible (Niklas, 1994). A classic example of this 

morphological disparity can be seen in the giant kelps, such as Macrocystis and 

Nereocystis, which have recorded lengths of over 60 m, forming what are colloquially 

called “kelp forests” (Foster, 1975; Raven et al., 2005). 

 

Among animals, the frond morphology is common in pennatulacean cnidarians (sea 

pens), which construct a colony around a main, supportive primary polyp (rachis) which 

serves as the budding point for lateral secondary polyps (leaves) responsible for the frond 

shape. Autozoid polyps among the polyp leaves bear predatory tentacles responsible for 

food capture (Brusca and Brusca, 2003). Along the branches, polyp distribution varies 

greatly between species, and can include several series of polyps bilaterally distributed 

along each individual branch, or a random to uniform distribution over a cylindrical 

branch (Sanchez, 2004). Frond-shaped pennatulaceans are common in unidirectional 

current settings, allowing for the broad side of the frond to be directed perpendicular to 

the prevailing current direction (Best, 1988). Sea pens are passive suspension feeders, 

relying on particle-filled currents to transport food directly to the colony where 

specialized predatory polyps actively capture prey. Filtering efficiency is dependant on 

the structural rigidity of the colony to remain relatively undeformed within the current 

flow, coupled with the ability to track and compensate for any changes in current 

orientation while stabilizing the colony within current flows. Support is provided by the 
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hydrostatic properties of water-filled polyps, combined with stiffening fibers of 

mesenchyme or horny axial skeletons (Brusca and Brusca, 2003).    

 

In Ediacaran fronds, the petalodium consists of two or more petaloids attached 

longitudinally to a central stalk. Taphonomic studies of Ediacaran fronds in the Flinders 

Ranges of Australia (Gehling, 1991) and the positive epirelief of the stalk in species of 

Charniodiscus, Charnia wardi, and several unnamed rangeomorph fronds from Mistaken 

point in Newfoundland (Chapter 2, 3, 4) suggest that the central stalk was significantly 

more rigid than the surrounding petaloids. Among modern organisms of different 

kingdoms, the petalodium can serve as either a reproductive organ or feeding structure. 

The morphology of the petalodium associated with either task is distinctly different. 

When used for spore dispersal, fronds are typically bulbous and radial, and are markedly 

distinct from the bifoliate and multifoliate petaloids exhibited by Ediacaran fronds. From 

a feeding perspective, photoautotrophy, chemoautotrophy and heterotrophy all display 

similar morphological frond structures, however key distinctions between these forms 

can be deduced. Restricted to the photic zone, marine photoautotrophs such as kelp 

construct significantly longer frond leaves in order to capture light from the surface. 

Furthermore, many marine algae are characterized by indeterminate growth which allows 

them to increase light capture by continually growing within the photic zone. Although 

the largest Ediacaran frond Charnia wardi can have petalodium lengths exceeding 1 m 

(Narbonne and Gehling, 2003; Chapter 3), the vast majority of Ediacaran fronds are less 

than 0.4 m long (Clapham and Narbonne, 2002). Ediacaran fronds including 

Charniodiscus, Charnia, and several unnamed rangeomorphs occur abundantly 
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throughout the Mistaken Point Formation, which has been unanimously interpreted as 

deep water, located well below storm wave base and the photic zone (Misra, 1981; 

Benus, 1988; Conway Morris, 1989; Myrow, 1995; Wood et al., 2003; Narbonne et al., 

2005; Ichaso et al., 2007). Mistaken Point fronds are also extremely unlikely to have been 

chemoautotrophic due to the virtual absence of sedimentary indicators of energy-rich 

molecules such as hydrogen sulfide or methane. A few pyrite-coated surfaces were 

reported from the Briscal Formation by Gehling et al. (2005) but chemical analyses 

throughout the Avalonian succession have shown that pyrite and other sulfides occur in 

concentrations that are orders of magnitude too small to support chemosynthesis, with 

less than 0.005% sulfur in any sample analysed from the Mistaken Point Formation 

(Canfield et al., 2007). The succession is overwhelmingly siliciclastic, with carbonates 

restricted to isolated dolomite concretions in widely spaced sandstone beds that typically 

are not associated with fossils. The tiering structure and spatial distributions of the 

Ediacaran organisms present (Clapham and Narbonne, 2002; Clapham et al., 2003) is 

also atypical of seafloor seeps. Morphological structures typical of filter feeders require a 

minimum size in order to allow for the polyps to capture prey. Other interpretations are 

possible, but tertiary branching within Charniodiscus could hypothetically represent 

feeding structures similar to modern cnidarian polyps (Fig. 5.1A; Jenkins and Gehling, 

1978; Jenkins, 1996). Charniodiscus is also remarkably similar to the Burgess Shale 

frond Thaumaptilon which exhibits probable zooids along the primary branches of the 

bifoliate frond (Conway-Morris, 1993). Similarities between Charniodiscus and 

Thaumaptilon may represent convergent evolution, however their shared morphology, in 

addition to the presence of probable zooids on Thaumaptilon does strengthen the 
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hypothesis that the Ediacaran petalodium could represent a filter-feeding structure. Shu et 

al. (2006) describe Stromatoveris psygmoglena, a frondose fossil from the Lower 

Cambrian Chengjiang Lagerstätte which they ally with the Ctenophores based on 

similarities in the fine-scale ciliated structures which ornament the primary branches, 

coupled with the overall frond-like body. They also figure (but not name) a possible sea-

pen from the same locality which they consider to be equipped with rows of transverse 

zooids (Shu et al., 2006, see Suppl-Fig. 2 in their online material), but the “polyps” are 

one to two orders of magnitude smaller than typical zooids in modern cnidarians and 

were probably too small to allow for any form of predatory behaviour. Since the primary 

branches in Charniodiscus are attached to a foliate sheet unlike the free polyp branches 

typical of pennatulacean cnidarians, Charniodiscus must have gathered nutrients from the 

water column by a different means, more typical of other Ediacaran fronds (Seilacher, 

1989; Williams, 1997). The fractal branching within rangeomorph petaloids (Narbonne, 

2004) results in divisions on the micrometer scale, which were far too small to allow for 

effective filter feeding, and probably represented a means of increasing surface area to 

facilitate direct nutrient absorption (Narbonne, 2004; 2005; Sperling and Peterson, in 

press). The distinction between filter feeding and direct nutrient absorption is difficult to 

make based on community structure, since both models would explain the spatial 

distribution and tiering stratification described by Clapham and Narbonne (2002) and 

Clapham et al. (2003). The fractal branching architecture of rangeomorphs and the 

serially quilted “pneu” of Swartpuntia petaloids would be ideally suited for direct nutrient 

absorption due to their high surface area to volume ratios.  
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Frond Stems — In modern frondose organisms, the stem typically is a vertically oriented, 

cylindrical body that functions to elevate the frondose leaves into the air- or water-

column while maintaining a connection with the holdfast or roots at the base of the frond. 

 

The fungal stipe is composed of hyphal tissue, commonly strengthened by chitin within 

the outer wall (Raven et al., 2005).   Its primary function is to elevate the mushroom cap, 

facilitating the release of spores into wind currents or onto passing animals.  

 

In vascular plants, the frond morphoshape sacrifices energy that could be utilized to build 

food/energy receptors in the form of leaves in order to build elevated stems as a 

consequence of competition for solar energy. A stem allows competing photoautotrophic 

fronds to gain added vertical growth, elevating their leaves closer to the radiating light 

energy, thus bypassing competitors for resources, and shading surrounding areas, 

consequently limiting adjacent plant growth (Niklas, 1992). The stem in marine algae is 

often limited when compared to terrestrial vascular plats due to the overall dominance of 

the photosynthetic foliate leaf region. In some species of marine algae, the centre of the 

stipe is composed of elongated cells that are modified for food conduction, resembling 

phloem cells in vascular plants (Raven et al., 2005). These elongated kelps are able to 

transfer energy rapidly from the photosynthetic blades at the water surface to the poorly 

illuminated stipe and holdfast region. In many vascular plants, the cylindrical stem is 

photosynthetic. The stem also functions as a means of transferring nutrients and water 

from the roots, and shuttling energy produced in the leaves to the remainder of the plant. 
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In terrestrial vascular plants, the stem can be heavily fortified with secondary, non-

photosynthetic tissues (bark).  

 

In pennatulacean cnidarians, the stem is responsible for branch/polyp stability within the 

water flow. Serving as the primary structural unit of the colony, the stem can elevate the 

feeding polyps higher into the water column, thus allowing for a greater subdivision of 

the water column. The stem also reduces the amount of bending in response to current 

flows, therefore allowing the colony to filter feed even in fast moving currents (Best, 

1988).  

 

Due to the cylindrical form of Ediacaran stems, combined with the interpretation of the 

frond petalodium as a filter-feeding or nutrient-absorbing structure, it is assumed that the 

function of the stem is for structural rigidity in addition to serving as step-ladder to 

elevate the feeding structure higher into the water-column in response to competition for 

nutrients in the lowermost tiers (Clapham and Narbonne, 2002). As demonstrated by 

Clapham and Narbonne (2002), more than 95% of the Mistaken Point Ediacara Biota was 

restricted to the lowermost tier (< 10 cm), and would have resulted in possible 

overcrowding at the sediment-water interface, and led to water-column stratification for 

nutrients. The clearest evidence of  can be seen in Charniodiscus, and resulted in the 

speciation of two distinct species utilizing two feeding strategies governed by stem 

lengths: Charniodiscus procerus (Fig. 2.6) constructed a long, sturdy stem while 

Charniodiscus spinosus (Fig. 2.8) limited stem growth in exchange for a larger, wider 

petalodium (Chapter 2). Due to the absence of any true morphological characters or 
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distinctive ornamentation along the stem that could be used to imply a taxonomic unity 

with any of the frondose organisms previously highlighted, the stem offers little to the 

debate concerning the affinities of Ediacaran fronds, but does emphasize a probable 

epibenthic lifestyle for any organisms equipped with a stem.       

 

Frond Holdfasts — In order to ensure proper stability for the sessile frond colony or 

individual, an anchoring structure is required. Specialized hyphae (rhizoids) anchor some 

fungi to the substrate, and may absorb detrital food. Hyphae of the same species 

commonly fuse, thus increasing the intricacy of the network and stability upon the 

substrate (Raven et al., 2005).   

 

In marine algae, specialized rooting structures anchor the organisms to hard substrates. 

Some freshwater green algae utilize rooting filaments, thus anchoring the holdfast to 

rocks and tree stumps. In species of Ulva (sea lettuce), the frond thallus is anchored by a 

holdfast produced by protuberances of the basal cells (Raven et al., 2005).  Certain 

species of Halimeda are characterized by bulbous holdfasts which allow them to colonize 

soft sandy substrates which are subject to daily wave action (Collado-Vides et al., 1998; 

Anderson et al., 2006). Vascular plants have a highly specialized anchoring structure 

(roots) that supply minerals and water to the terrestrial plant, and due to the effects of 

gravity, the anchored vascular plant often requires the root system to grow quite large and 

deep (Boyer and Silk, 2004). 
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In pennatulaceans, the primary polyp utilizes its fleshy basal peduncle to anchor the 

colony in soft substrates via burrowing by means of peristaltic contractions (Williams, 

1995). Resembling a fleshy bulb, the soft coral anchor is the most proximal extension of 

the primary polyp or rachis, and can be buried or uplifted if the colony requires a change 

in direction in response to environmental stress or shifts in current direction (Best, 1988).  

 

Ediacaran discs were originally described as “medusoids”; however, when an increasing 

number of “medusoids” were found connected to a stem and even locally with a 

petalodium, most experts considered many of these circular impressions to represent the 

anchoring structure of epifaunal Ediacaran fronds (Jenkins and Gehling, 1978; Gehling, 

1991; Seilacher, 1992; Jenkins, 1992; Gehling et al., 2000; 2005; Chapter 2). The basal 

position assumed for the circular discs is based on several independent lines of evidence. 

At Mistaken Point, a consistent and repeatable trend exists in the preservation of 

organisms, with the best-preserved structures being those found closest to the substrate, 

and with a visible decrease in preservational quality of features presumed to be elevated 

into the water column (Seilacher, 1992). This trend is a consequence of both the settling 

velocity of volcanic ash and the mode of preservation at Mistaken Point (Narbonne, 

2005). Conception-style preservation resulted from the organism being trapped between 

the rapidly lithifying volcanic ash, which cast the upper surface of the organism, and the 

underlying mud, which was injected into the ash cast as the organism decomposed. 

Conception-style preservation of fronds results in a positive impression on the upper 

surface of the bed (positive epirelief). Any amount of ash that reached the substrate prior 

to felling of the frond resulted in poor preservation, and was largely responsible for the 
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decrease in resolution distally from the holdfast to the tip of the petalodium. In the 

overwhelming majority of cases, the circular structure in association with Charniodiscus 

is the best-preserved portion of the organism (Chapter 2). Furthermore, in cases where 

the circular structure is overridden by another Ediacaran organism, the circular structures 

are always preferentially preserved while the overriding structure is typically blurry or 

poorly defined. Finally, the strong unidirectional currents interpreted from Mistaken 

Point result in the circular structures being found consistently up-current, while the stems 

and petaloids are consistently located downstream of the discs. 

 

Charniodiscus specimens from Mistaken Point exhibit prominent holdfasts that may have 

extended above the substrate and thus have been preferentially preserved (Seilacher, 

1992).   Grazhdankin (2004) cited the apparent absence of a basal holdfast in specimens 

of Charnia from Charnwood Forest in England and Russia, in addition to Russian 

specimens of Charnia being preserved in association with truncated bedding, as evidence 

for an infaunal lifestyle. However, some specimens of Charnia masoni (Fig. 3.2) and 

Charnia wardi (Fig. 3.6—8) from Mistaken Point display prominent basal holdfasts 

(Chapter 3).  Sedimentological and taphonomic evidence infers that the holdfast was 

likely buried into the sediment (Narbonne and Gehling, 2003), possibly explaining its 

apparent absence in the holotype from Charnwood Forest (Chapter 3).  Rare 

rangeomorph specimens from Spaniard’s Bay display basal holdfasts that are surrounded 

by layers of primary branches, which result in the superficial resembles a garden leek 

(Fig. 4.3; Narbonne, 2004). In “Fermeuse-style” preservation of Narbonne (2005), the 

basal holdfast is typically the only part of the frond preserved, and when lacking an 
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associated petalodium, is typically referred to as one of three taphomorphs of Aspidella 

terranovica (Gehling et al., 2000). It appears that, with the possible exception of 

Swartpuntia and Pteridinium, most or all taxa of Ediacaran fronds exhibit a bulbous or 

discoid holdfast.  

 

The basal attachment structures of most Ediacaran fronds were sac-like bodies that were 

later flattened to produce the characteristic discoid shape, and thus are broadly similar to 

modern pennatulacean peduncle and are distinctly different from roots, hyphae or 

attachment filaments of plants and fungi. Steiner and Reitner (2001) interpreted the basal 

holdfast of an Ediacaran frond as being roughly flat and not bulbous; however, it is 

possible that the flattened impression represents a taphonomic consequence of 

compaction and microbial mat preservation, especially since the abundance of radial 

folds in the disc probably represent folding and compaction after deflation of the 

originally bulbous disc. The circular holdfast typical of most Ediacaran fronds apparently 

lacked the ability to absorb nutrients from the substrate, since they lack the optimal root-

like construction typical of such structures. An exception may be the circular fossil 

Hiemalora, which exhibits peculiar tentacle-like or root-like structures radiating from the 

circular disc (Fedonkin, 1985) and has been identified as the basal holdfast of a yet 

undescribed Ediacaran frond (Hofmann et al., 2005; O’Brien et al., 2006).  Although 

typically associated with plants and algae, organic and calcified rooting systems are also 

known from some animal groups such as Paleozoic crinoids (Seilacher and MacClintock, 

2005). In contrast with solid root structures of plants or stalked crinoids, basal discs of 

Ediacaran fronds are clearly soft-bodied and most likely fluid filled. Typical wrinkles and 
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folds resulting from deformation and folding of a fluid-filled structure are present on 

discs, in addition to sand packing or infilling of presumed internal spaces indicating an 

originally hollow or fluid filled morphology (Narbonne and Aitken, 1990; Jenkins, 1992). 

In South Australia, surface expressions of collapse craters from which stalks extend could 

represent deflated or collapsed holdfasts (Jenkins and Gehling, 1978; Jenkins, 1992). 

Specimens of anchoring discs and associated stems have been found in Ediacara South 

Australia, which exhibit taphonomic structures suggestive of burial within the substrate 

(Gehling, 1999); however, no known Ediacaran fronds have been found associated with 

trace fossils suggestive of burial motility.   

 

As discussed above, the overall frond shape is common in the biological realm, and 

should not be exclusively used to unite organisms into clades as has been suggested by 

some authors for Ediacaran fronds (Jenkins and Gehling, 1978; Glaessner, 1979). Little 

morphological or functional similarity can be seen between the disc-stem-petaloid of 

Ediacaran fronds and modern fungi (although see Peterson et al., 2003). The Ediacaran 

petaloid represents an attempt to maximize surface area to volume ratios within the 

constraints of growth and damage-repair, and thus is morphologically similar to 

photosynthesizing plant and algal leaves and to a lesser degree suspension-feeding 

frondose and fan-shaped cnidarians.  Shallow-water fronds could reflect either lifestyle, 

but the presence of some Ediacaran frond taxa in life position in deep-water, presumably 

aphotic environments rules out light gathering as the function for at least these genera and 

implies that nutrient absorption is most likely.  The development of Ediacaran fronds 

early in the evolutionary history of macroscopic eukaryotes and the absence of 
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macrophagous predators at this time may have favoured the large but simple, commonly 

fractal, designs among Ediacaran fronds.  Ediacaran fronds such as Charniodiscus 

highlight branching structures reminiscent of filter-feeding (microcarnivorous) 

cnidarians, but this may be a functional rather than phylogenetic similarity and is in any 

case clearly absent from rangeomorph fronds. Ediacaran stems are interpreted as 

structures responsible for the elevation of the feeding structure higher into the water 

column, in addition to possible nutrient transport between the frond and the remainder of 

the organism or colony. The bulbous basal holdfast is most similar in shape and 

consistency to modern pennatulacean cnidaria, although the absence of musculature 

necessary for burrowing represents a significant difference between modern soft corals 

and Ediacaran fronds.       

 

LIFESTYLES OF EDIACARAN FRONDOSE ORGANISMS: 

Traditional interpretations of Ediacaran fronds highlighted a benthic, sessile, filter-

feeding life habit based on their overall pennatulacean-like morphology (Glaessner and 

Wade, 1966; Jenkins and Gehling, 1978; Jenkins, 1985). Our more in-depth analysis 

strongly supports the original epibenthic filter-feeding/direct-absorption model of 

Ediacaran fronds. However, recent challenges to the epibenthic model based on 

sedimentological and taphonomic work by Grazhdankin and Seilacher (2002; 2005), and 

Grazhdankin (2004) proposed that several key Ediacaran fronds (Charnia, Rangea, 

Pteridinium, Swartpuntia), in addition to all members of the Pentalonamae (including 

Pteridinium, Namalia, Ernietta, Swartpuntia and Rangea), represent infaunal rather than 

epifaunal organisms. We agree with Grazhdankin and Seilacher (2002) that the enigmatic 
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preservation of two, apparently cross-cutting specimens of Pteridinium is difficult to 

explain, but question whether this specimen necessitates an infaunal lifestyle for virtually 

all Ediacaran fronds save Charniodiscus. 

 

We have previously summarized taphonomic and ecological attributes that imply that 

Charniodiscus and Charnia fronds from Mistaken Point were elevated above the sea 

bottom rather than infaunal within the sediment (Chapter 2, 3, 4).  Taphonomic features 

include unimodal current alignment implying tethering (Seilacher, 1999; Wood et al., 

2003) and differential preservation under volcanic ash of different parts of the frond 

elevated at different levels above the sea floor (Chapter 3); ecological features include 

vertical tiering (Clapham and Narbonne, 2002) and spatial arrangements of individuals 

and species (Clapham et al., 2003) similar to Phanerozoic and modern epifaunal, 

suspension-feeding communities.  Similar arguments have been made for assemblages 

from Swartpunt in Namibia (Narbonne et al., 1997) and Ediacara in Australia (Gehling et 

al., 2005).   

 

A consideration of functional morphology can also contribute to this discussion.  All 

modern organisms whose construction utilizes a basal disc – stem – leaf combination are 

epifaunal, and a consideration of their function suggests that this is most likely for 

Ediacaran fronds as well. The basal holdfast would have little functional purpose in a 

buried organism. The stem, per se, gives little information concerning lifestyle since 

superficially similar morphologies can be found both infaunally (e.g. cylindrical burrows) 

and epifaunally (e.g. plant, fungal, and pennatulacean stems).  However, the stem is 
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taphonomically quite different from burrows, and its position between a “holdfast” and 

“petalodium” is unknown in the modern infaunal realm. The presence of a stem is highly 

suggestive of an epifaunal life habit (Clapham and Narbonne, 2002; Chapter 2). The 

complexly ornamented petalodium highlights a morphology ideally suited to capture food 

and would be ill suited for an infaunal lifestyle.  As with modern suspension-feeding 

organisms and colonies such as crinoids and pennatualaceans, Ediacaran fronds may have 

ranged between fully upright to recumbent in different conditions.  

 

ARCHITECTURE OF EDIACARAN FRONDS: 

Primary and subsequent branches are arranged to form the overall petalodium varies 

significantly between Ediacaran fronds. With this said, four distinct branching 

arrangements can be isolated into representative groups based on the morphology of the 

small-scale secondary or tertiary branches. These four groups allow for the segregation of 

the Ediacara Biota into taxonomically isolated factions that removes the emphasis on 

overall frond-like morphologies and place the emphasis on taxonomic characters that are 

independent of trophic structure. One of these groups includes Ediacaran frond members 

in addition to species that share similar branching arrangements without representing 

upper-tier frond forms, therefore supporting their taxonomic unity.  

 

Arborea-Type Branching — Arborea-type fronds are typified by Charniodiscus 

(Arborea) arboreus, and have been well described by Glaessner (in Glaessner and Daily, 

1959), Glaessner and Wade (1966), Jenkins and Gehling (1978) and Jenkins (1996).  

Arborea was defined by Glaessner (in Glaessner and Daily, 1959) but was later regarded 
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by Jenkins and Gehling (1978) as a subjective junior synonym of Charniodiscus Ford 

1958.  Dzik (2002) subsequently noted potentially significant differences between the 

type species of Arborea and of Charniodiscus and suggested that Arborea be regarded as 

a subgenus of Charniodiscus until such time as their holotypes could be re-examined, a 

view with which we concur. Arborea-type branching consists of roughly uniform, 

parallel, primary branches which diverge from the central stalk at an angle of 45° – 90°, 

and end at an undivided rim at the outer margin of the frond leaf. The primary branches 

are joined together by a single basal sheet. Each primary branch is subdivided by a series 

of secondary branches which are arranged at 90° from the base of the primary branch, 

and further subdivided into tertiary branches which lie parallel to the primary branches 

(perpendicular to the secondary branches). The secondary and tertiary branches are 

believed to be protected by an outer membranous sheath, morphologically similar to a 

pea pod (Fig. 5.1A). Charniodiscus (Arborea) arboreus is bifoliate, with two petaloids 

meeting at a central stalk. 

 

Many specimens of Charniodiscus (Arborea) arboreus and its likely synonym 

Charniodiscus oppositus Jenkins and Gehling 1978 (Fig. 5.2.9) exhibit simpler branching 

architecture in which primary branches are obvious but secondary structure is poorly 

preserved.  The same is true of the holotype of Charniodiscus concentricus Ford 1958 

(Fig. 5.2.4) and all known specimens of Charniodiscus spinosus Laflamme, Narbonne 

and Anderson 2004 (Fig. 5.2.8) and Charniodiscus procerus Laflamme, Narbonne and 

Anderson 2004 (Fig. 5.2.3 and 5.2.6). The absence of tertiary branching in most 

specimens of Charniodiscus leads us to prefer the term “Arborea-type” rather than  
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Figure 5.2: Arborea-type branching: 1) Juvenile specimen of Charniodiscus arboreus 

from the Mistaken Point Fm. of Newfoundland. From Chapter 2. 2) Juvenile specimen of 

Charniodiscus longus from Ediacara, South Australia. 3) Juvenile specimen of 

Charniodiscus procerus from Mistaken Point Fm. of Newfoundland. Field specimen 

facing downwards to allow for light source from upper left. 4) Type specimen of 

Charniodiscus concentricus from Bradgate Park, England. 5) Charniodiscus longus from 

Ediacara, South Australia. 6) Charniodiscus procerus from Mistaken Point Fm. of 

Newfoundland. 7) Charniodiscus arboreus from Ediacara, South Australia. 8) 

Charniodiscus spinosus from Mistaken Point Fm. of Newfoundland. From Chapter 2. 9) 

Charniodiscus oppositus from Ediacara, South Australia. White Scale bar 1 cm. Black 

and white scale bar 1 cm increments. Ruler 15 cm. All fronds from Mistaken Point have 

been retrodeformed to account for tectonic shortening. 

 155



  

“Charniodiscus-type” branching.  Dzik (2002) noted features on the holotype of C. 

concentricus that suggest a multifoliate nature, in contrast with the suggestion of Jenkins 

and Gehling (1978) that these same features represent an overfolding of the bifoliate 

petalodium; ongoing work by M.D. Brasier (pers. com, Oxford University), will 

hopefully help resolve this conundrum, and until the confusion in Charniodiscus 

taxonomy is resolved, we prefer associating the branch morphology with specimens that 

best display it. Primary branches were acquired early in life and inflated in size over time, 

resulting in the number of primary branches, ranging from 8 to more than 60 pairs among 

different species, being of taxonomic significance (Chapter 2). 

 

Members of the Arborea-type branching include Charniodiscus (Arborea) arboreus 

Glaessner 1959 (Fig. 5.2.1 and 5.2.7), Charniodiscus oppositus Jenkins and Gehling 1978 

(Fig. 5.2.9), Charniodiscus longus Glaessner and Wade 1966 (Fig. 5.2.2 and 5.2.5), 

Charniodiscus spinosus Laflamme, Narbonne and Anderson 2004 (Fig. 5.2.8), and 

Charniodiscus procerus Laflamme, Narbonne and Anderson 2004 (Fig. 5.2.3 and 5.2.6).  

 

Charnia-type Branching — Charnia was first described by Ford (1958) and its branching 

architecture has been further described by Jenkins and Gehling (1978), Glaessner (1979), 

Fedonkin (1985), Jenkins (1985), Grazhdankin (2004), Brasier and Antcliffe (2004), 

Brasier et al. (2005 and ongoing studies), and Chapter 3.  Charnia-type branching 

consists of a series of parallel, sigmoidal to rectangular primary branches which alternate 

and cross over the central midline to form a zig-zag central axis (Fig. 5.3). Primary  
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Figure 5.3: Charnia-type branching: 1) Type specimen of Charnia masoni from 

Bradgate Park, England. Photo provided by M. D. Brasier, 2005. 2) Charnia masoni from 

Mistaken Point, Newfoundland. Note circular basal holdfast. From Laflamme et al., in 

press. 3) Charnia masoni from the White Sea, Russia. 4-5) Juvenile Charnia masoni from 

Mistaken Point, Newfoundland. From Chapter 3. 6) Large specimen of Charnia wardi 

from the Drook Fm. of Mistaken Point, Newfoundland. From Chapter 3. 7) Type 

specimen of Charnia wardi from the Drook Fm. of Mistaken Point, Newfoundland. Inset 

displays rangeomorph elements and branch overlapping (termed bundling). From Chapter 

3. 8) Juvenile specimen of Charnia wardi from the Mistaken Point Fm. of 

Newfoundland. From Chapter 3. 9) Unique specimen of Charnia sp. from the Briscal Fm. 

of Mistaken Point, Newfoundland, displaying probable stem and basal holdfast. From 

Chapter 3. 10) Glaessnerina (Charnia?) from Ediacara, South Australia. 11) Type 

specimen of Charnia n. sp. from the Drook Fm. of Mistaken Point Newfoundland. From 

Laflamme et al., in press. 12) Charnia n. sp. from the Drook Fm. of Mistaken Point 

Newfoundland. From Chapter 3. 13) Close up of (12) displaying the disproportionate 

overlapping of the primary branches. From Chapter 3. 14) Charnia n. sp. from Ediacara, 

South Australia. White Scale bar 1 cm. Black and white scale bar 1 cm increments. White 

arrows indicate holdfast. Black arrows indicate branch bundling. All fronds from 

Mistaken Point have been retrodeformed to account for tectonic shortening. 
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branches are composed of several (between 7— 21 in Charnia masoni, between 8 — 12 

in Charnia wardi) secondary modular elements which house tertiary branches interpreted 

as representing rangeomorph elements (Jenkins, 1985; Narbonne, 2004; Brasier and 

Antcliffe, 2004; Chapter 3). Landmark analysis of the Charnia-type branching pattern 

(Chapter 3) highlights a series of overlapping primary branches in which the basal 

branching point is attached to an internal stalk and the distal tip of each primary branch is 

tucked in underneath an adjacent overlying branch and anchored to a distal outer rim. The 

proximal branching overlap results in the apparent sigmoidal primary branches and the 

zigzagging central axis which are characteristic of the Charnia-type branching pattern. In 

rare instances, the distal tip of a primary branch can break away from the distal outer rim 

and results in an increased amount of overlap of the underlying primary branch, termed 

bundling (Fig. 5.3.7 and 5.3.11— 5.3.14; Chapter 3). Primary and secondary branches 

were sequentially added with petalodium growth (compare adult Charnia in Fig. 5.3.1-

5.3.3 with corresponding juveniles in Fig. 5.3.4 and 5.3.5; Chapter 3). Should the tertiary 

branching structures be shown to represent true rangeomorph frondlets as hypothesized 

by numerous workers, Charnia-type branching is still unique enough to warrant its own 

grouping, and will result in the Rangea-type branching (below) and the Charnia-type 

branching being members of a larger (Rangeomorph) clade. 

 

Fronds with the Charnia-type branching include Charnia masoni Ford 1958 (Fig. 5.3.1—

5.3.5), Charnia wardi Narbonne and Gehling 2003 (Fig. 5.3.6—5.3.8), Charnia grandis 

Glaessner and Wade 1966 (Fig. 5.3.10) and Charnia antecedens (Chapter 3; Fig. 

5.3.11—5.3.14).  
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Rangea-Type Branching: Rangea was the first Ediacaran frond ever described (Gürich, 

1930), and subsequent descriptions of its branching architecture have been published by 

Richter (1955), Pflug (1970b; 1972a), Germs (1973), Glaessner (1979), Jenkins (1985), 

Dzik (2002), and Grazhdankin and Seilacher (2005).  Rangea-type branching architecture 

characterizes the Rangeomorpha (Pflug, 1972a; Jenkins, 1985; Narbonne, 2004), an 

extinct group of frondose and non-frondose Ediacaran fossil taxa that dominated early 

Edicararan ecosystems but disappeared before the beginning of the Cambrian explosion 

(Narbonne, 2004; 2005). Rangeomorph Ediacaran species are characterized by highly 

repetitive, “fractal” (of Seilacher, 1992) branching morphology which is self-similar over 

at least three orders of branching (Narbonne, 2004; Fig. 5.4.1). The rangeomorph element 

may represent a means of increasing the surface area in contact with dissolved organic 

nutrients in the water column, thus serving as an alternative to the water-canal system 

exemplified by the Porifera (Sperling and Peterson, in press). The rangeomorph element 

(Fig. 5.4.1) consists of several (typically between 6-9) independent branches which are, 

in turn, divided into several (once again, between 6-9) smaller second-order branches 

composed of several third-order branches assumed to be morphologically 

indistinguishable in shape to the overall initial element. Each branch is considered to be 

attached to a central, stalk-like structure that serves as a rigid branching point for all 

subsequent branches. The rangeomorph element appears to be bilaterally symmetrical in 

plan view. In rare instances where the element is visible from its side (Fig. 5.4.3), the 

element retains a flat, sheet-like morphology typical of growth which divides in only one  
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plane instead of a bush-like growth form which would be expected from an element 

which divided in multiple planes. From the basic building block of the rangeomorph 

element, several distinct morphologies, from surface recliners to bushes, nets and fronds, 

allow for a complete segregation of the water column, strikingly similar to Phanerozoic 

and modern deep-water ecosystems (Clapham and Narbonne, 2002; Clapham et al., 2003; 

Narbonne, 2004). In typical Rangea-type branching, it appears as though each 

rangeomorph element is attached basally to a primary branching structure or attachment 

disc, which allows each element to move (either directly or more probably in response to 

water currents) and results in significant overlapping of these structures (Fig. 5.4). The 

multifoliate nature of Rangea further develops the overlapping branching relationships as 

each primary branch is in turn overlapped by adjacent branches, resulting in a unique 

morphology that highlights an increase in overall surface area. 

 

Rangea-type branching include the Ediacaran frondose organisms Rangea 

schneiderhoehni Gurich 1930 (Fig. 5.4.2), the bush-shaped Bradgatia linfordensis 

Boynton and Ford 1995, and a diverse assemblage of unnamed forms from Mistaken 

Point and Charnwood Forest colloquially called spindles, pectinates (combs), bushes, and 

fronds (Narbonne, 2004; 2005; Brasier and Antcliffe, 2004). Not all rangeomorphs 

represent fronds, as many different morphological constructions are present at Mistaken 

Point, and this further substantiates the proposition that Ediacaran fronds represent an 

ecological adaptation rather than a taxonomic group. 
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Swartpuntia-Type Branching — The archetype for Swartpuntia-type branching is 

Swartpuntia germsi Narbonne, Saylor and Grotzinger 1997 from the late Ediacaran of 

Namibia.  Strikingly similar branching architecture occurs in Pteridinium Gürich, 1933 

(see also Richter, 1955; Pflug, 1970a; Glaessner, 1979; Fedonkin, 1981; 1983; 1985; 

Jenkins, 1992; Narbonne et al. ,1997; and Grazhdankin and Seilacher, 2002 for 

descriptions).  Swartpuntia-type branching is characterized by a series of identical, 

unornamented, tube-like primary branches that extend from the centre to the outer margin 

of the specimen at an acute angle.  In Swartpuntia, primary branches are attached to a 

central stalk, which is marked by a series of V- to lobe-shaped segments 3-5 mm wide 

spaced evenly along the entire length of the stalk (Fig. 5.5.1—5.5.3; Narbonne et al., 

1997). In Pteridinium (Fig. 5.5.4—5.5.6), a central stalk is absent as the proximal end of 

each tube is attached directly to the proximal end of tubes on adjacent petaloids. Primary 

branches appear to lack any secondary or tertiary branching, although faint, closely 

spaced parallel ridges that run perpendicular to the primary branches may represent a 

taphonomic response to the deflation or minor folding within the tube branches 

(Narbonne et al., 1997). There is no evidence of pores in the branches. 

 

Swartpuntia-type branching includes Swartpuntia germsi Narbonne, Saylor, and 

Grotzinger 1997 (Fig. 5.5.1—5.5.3), Pteridinium carolinaense (St Jean 1973) (Fig. 

5.5.4), and Pteridinium simplex Gürich 1933 (Fig. 5.5.5—5.5.6).  Pflug (1970a, b, 1972a, 

b), Seilacher (1984, 1992), and Jenkins (1992) recognized that similar branching also 

occurs in the clearly non-frondose, bag-shaped fossil Ernietta Pflug 1966.   Based on 

taphonomic considerations, Dzik (1999) suggested that Ernietta represented a resistant  
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organic skeleton covered by fleshy material that decomposed prior to fossilization.  

Narbonne (2005) extended this speculation to Swartpuntia and Pteridinium, which like 

Ernietta do not exhibit pores in their branches and occur mainly as monospecific 

assemblages lacking typical Ediacara taxa within thick beds of storm-deposited 

sandstone. 

 

IMPLICATIONS FOR TAXONOMY: 

Based on the analysis above, it is likely that each of these four branching architectures 

represent independent clades. However, two considerations currently delay erection of a 

formal, higher-rank taxonomic scheme based on this architecture.  First, our subdivision 

of the fronds based on branching architecture infers a higher level of evolutionary 

similarity between members of a common branching architecture, but it does not clearly 

establish at what level these clades should be considered. As previously mentioned, the 

probable nesting of the Charnia-type branching within the confines of a higher, Rangea-

type branching implies that the two branching architectures are not of equivalent 

taxonomic ranking. It is also possible that some of these branching patterns may be 

taphonomic variants of each other (Dzik, 2002; Narbonne, 2005), in that one branching 

type (e.g. Arborea) may represent the fleshy coating over an internal organic skeleton 

exhibiting a different type of branching (e.g. Swartpuntia- or Rangea-type). That being 

said, we believe that these architectures represent phylogenetic rather than ecophenotypic 

characters that must be used in sorting Ediacaran fronds and related taxa into 

evolutionarily valid groupings.  
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CONCLUSIONS: 

Ediacaran fronds occupy the uppermost tiers of Neoproterozoic heterotrophic 

communities (Clapham and Narbonne, 2002). The frond morphology is common among 

modern plants, algae, fungi and animals, and represents a morphological response to 

various ecological constraints ranging from spore dispersal to nutrient and light 

absorption. Consideration of the functional significance of the holdfast, stem, and 

petalodium that constitute these fossils supports the traditional interpretation of Ediacaran 

fronds as epifaunal suspension feeders.  The complex morphology of Ediacaran fronds 

accentuates the competitive nature of Ediacaran ecosystems, and highlights how several 

taxonomically unrelated lineages evolved to fill the same niche. Competition for nutrients 

resulted in partitioning of available resources through water-column tiering, as several 

unrelated groups independently constructed a frond bauplan to elevate their feeding 

structures higher into the water-column.  

 

All described Ediacaran frond genera can be grouped into four basic branching 

architectures: Arborea-type branching is characterized by petaloids composed of pea-pod 

like primary branches which house several secondary branches within the protective 

sheath; Charnia-type branching results in a zigzagging central axis due to alternating and 

overlapping sigmoidal primary branches; Rangea-type branching includes petaloids 

composed of several overlapping primary fractal branches attached to a straight central 

stalk; and Swartpuntia-type branching which consists of petaloids with parallel, 

unornamented, tube-like primary branches. Arborea- and Charnia-type branching are 

known only from Ediacaran fronds.  However,  Rangea-type branching occurs in a wide 
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array of growth forms ranging from recliners to bushes as well as fronds, and Swartpuntia 

type branching also occurs in the bag-shaped fossil Ernietta, emphasizing that frond-

shaped constructions represent a convergent response among unrelated taxa rather than a 

high-order taxonomic trait.  Since variation in the branching architecture identifies four 

unique and possibly unrelated clades, the shared morphology amongst Ediacaran fronds 

most likely represents a common need to extract nutrients from the water column, and 

therefore represents a shared ecology, not ancestry. We acknowledge that these four 

groups may not represent the entire diversity of branching architecture present in 

Ediacaran fronds, but it is our hope that this may represent an outline for a new 

classification scheme that highlights morphological characters that are irrespective of 

trophic structure and ecological influence. 
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Morphological Structures Description 

Ediacaran frond 

A complete Ediacaran frondose organism or 
colony, consisting of a leaf-shaped petalodium that 
is typically attached to a holdfast by means of a 
stem. 

Petalodium 
Foliate section of an Ediacaran frond consisting of 
several petaloids (two in bifoliate Ediacaran fronds, 
three or more in multifoliate Ediacaran fronds). 

Petaloid 

Half-leaf structure consisting of a parallel array of 
primary branches.  Each petaloid is attached to the 
central stalk or directly to the base of an adjacent 
petaloid. 

Branch 

Divisions of the petaloid, consisting of elongate, 
parallel structures of similar size that emanate from 
a single axis. 1st order branching is considered 
"primary" and branches are attached directly to the 
stalk (if present) or the base of adjacent petaloids. 
2nd-3rd order branching subdivide the primary 
branches into progressively finer divisions 

Stalk 

Central axis from which the primary branches 
emerge. Can be either external (Charniodiscus) or 
presumed internal (Charnia). Distal segment of the 
stem, if present.  

Stem Cylindrical structure that connects the petalodium 
with its holdfast. 

Disc/Holdfast 
Circular to bulbous structure.  May be discoid 
(Charniodiscus), bulbous (Charnia), or surrounded 
by root-like extensions (Hiemalora). 

Table 5.1: Preferred morphological descriptive terms for Ediacaran Fronds. See figure  

5.1 for graphic representation.  
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Chapter 6:  

CONCLUSIONS: 

Ediacaran fronds effectively partitioned the water column, as juveniles fed from the 

lowermost tiers, and adults sequestered bioavailable nutrients from higher tiers. The 

competition for nutrients resulted in several unrelated organisms constructing a 

morphologically similar bauplan. In modern marine ecosystems, the frond morphology is 

known from plants, algae, fungi and animals, and represents a compromise between a 

structurally viable morphology and one that is optimal for energy harvesting and/or 

reproduction. The morphological structure of Ediacaran fronds was designed to increase 

the surface area that came into contact with the water column. Increased surface area is 

essential in capturing light in photoautotrophic organisms, and allows for the efficient 

nutrient transfer in organisms that rely on direct nutrient absorption of bioavailable 

organic matter from the water column. Stalked, upper-tier Ediacaran fronds are thought to 

have absorbed nutrients from the water column for three reasons:  (1) their dominance in 

deep-water localities well below the photic zone (such as Mistaken Point); (2) the 

complete absence of any openings which may have functioned as mouths or zooecial 

cavities; and (3) an ecological tiering structure that is strikingly similar to that of a 

modern filter-feeding/direct nutrient absorbing community and remarkably different from 

tiering communities that harvest light (Clapham and Narbonne, 2002). This thesis 

analyzed the large number and diversity of fronds of the Mistaken Point assemblage in 

order to analyze the specific growth patterns, branching architecture, and preservational 

biases present in these taxa with the goal of elucidating evolutionary relationships 

amongst these organisms.    
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Analysis of growth strategies in Charniodiscus (Chapter 2) through the use of 

multivariate quantitative tools never-before applied to Ediacaran taxa allowed for the 

segregation of morphological characters which vary with age from characters that are 

taxonomically distinctive. This study demonstrated that the number of primary branches 

is species specific, and is not ontogenetic (age dependent). Two distinct growth strategies 

are present in Charniodiscus, each representing a distinct species. The older species, C. 

spinosus, constructed a larger and wider petalodium with a relatively short stem and 

considerably large holdfast, whereas the younger species, C. procerus, constructed a 

significantly longer stem, sacrificing feeding from the lowermost tiers. Due to the 

similarity in the number of primary branches between these two species, it is believed 

that C. spinosus and C. procerus had a common ancestry and represent a possible case of 

sympatric speciation. This represents one of the earliest documented cases of 

macroscopic nutrient competition and niche subdivision that ultimately resulted in 

speciation.  

 

Descriptive, quantitative, landmark, and traditional morphometric analyses were 

combined to describe the three-dimensional shape of the Ediacaran frond Charnia 

(Chapter 3). Unlike typical landmark analyses which specialize in segregating species or 

analyzing growth patterns based on landmark displacements, this study evaluated the 

changing patterns within a specific section of an organism in order to gain insight into 

how preservational properties could influence the eventual morphology remaining after 

fossilization (taphomorphology). Landmark morphometric analyses suggested that the 

 171



  

varying shape in secondary branching in Charnia is directly related to the amount of 

overlap experienced between juxtaposed branches. Alternating and overlapping 

branching results in a zigzagging central midline, while the sigmoidal shape of the 

primary branches results from distal onlapping from adjacent branches. Charnia 

antecedens and Charnia wardi represent the oldest documented Ediacaran fronds and are 

characterized by greater amounts of overlapping between branches due to unconstrained 

branching, and suggests that an increase in rigidity with time allowed for the colonization 

of shallower, higher-energy paleoenvironments by highly constrained Charnia masoni.  

 

The comparison of four unique preservational types within a single species of Ediacaran 

frond from northwestern Canada, Spaniards Bay, and Mistaken Point allowed for the 

unique opportunity to identify the taphonomic biases that are present in soft-bodied 

preservation (Chapter 4). “Trepassia” is a structurally complex Ediacaran frond 

characterized by a series of highly unconstrained primary and subsequent branching of 

rangeomorph frondlets. The primary branching in “Trepassia” is interpreted as being 

poorly attached, resulting in significant branch overlapping and bundling. The trend of 

increased rigidity with time is further developed in “Trepassia”, which has significantly 

more branch overlapping when compared with younger and shallower-water 

rangeomorphs such as Rangea.  

 

Finally, Ediacaran fronds represent a convergent ecological response to the problem of 

nutrient extraction from the water column, and therefore cannot be used as a unifying 

character in Ediacaran taxonomy. All described Ediacaran fronds can be grouped into 
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four basic branching architectures representing a shared ancestry, and therefore can be 

used as a valid means of classifying the Ediacara Biota (Chapter 5). Arborea-type 

branching is characterized by pea-pod like primary branches; Charnia-type branching 

results in a zigzagging central axis due to alternating and overlapping of primary 

branches; Rangea-type branching consists of overlapping primary fractal branches 

attached to a straight central stalk; while Swartpuntia-type branching consists of parallel, 

unornamented, tube-like primary branches. As demonstrated in Rangea-type branching, 

these constructions are irrespective of tiering heights and have representatives from 

several trophic guilds, therefore reducing the risk that branch morphology represents a 

morphological response to a shared ecological need to extract nutrients from the water 

column. Any future classification of the Ediacara Biota must take into consideration the 

ecological consequences of tiering, which resulted in convergent evolution between all 

four frond branching types. It is recommended that any higher-order classification utilize 

differences in branching architecture as a means of recognizing clades within the 

Ediacaran fronds. 
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Appendix table 1: Distance measurements for Charniodiscus species at Mistaken Point, 

Newfoundland. F length is the length of the frond, measured from the base of the frond 

where it joins the stem to the most distal margin. F width is the width of the frond, 

measured from margin to margin at the widest point. F orientation is the direction of the 

frond on the bedding surface. S length is the length of the stem, measured from the center 

of the disc to the margin of the frond. S orientation is the direction of the stem on the 

bedding surface. D diameter is the diameter of the disc. FL/FW is the frond length to 

width ratio. # Primary is the number of primary branches. Estimate is the estimated 

number of branches in cases where they are poorly preserved. Spine is the length of the 

distal spine, when present. All measurements with “RT” have been retrodeformed (see 

Wood et al., 2003). 
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