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Abstract 
 

The Earliest Arthropod Trace Fossils and Their Significance 
Gaëlle Van Laere 

 

The trace fossil, or ichnofossil record provides a different perspective on animal evolution 

compared to that of body fossil, as it is typically preserved in different facies and lacks the bias 

towards mineralised body parts. As trace fossils record behaviours, they often cannot be 

assigned to particular producers, except in rare cases where they are found in association with 

them. However, they play an important role in the study of evolution and biostratigraphy and 

are particularly useful in stratigraphic studies of otherwise unfossiliferous rocks.  
Rusophycus is a rare exception as it is a trace fossil that is typically assigned to a trilobite 

tracemaker. However, this does not exclude other arthropods from being considered as potential 

producers of Rusophycus. Indeed, the trace appears before the first trilobite body fossils and is 

found after their disappearance. The earlier occurrences of Rusophycus are also the earliest 

undoubted signs of arthropods and are from the Terreneuvian. Pre-trilobitic forms seem to be 

different from their younger counterpart in morphological aspect, but this has not been formally 

quantified.  

    This study investigates these early Rusophycus to obtain a clearer picture of what the pre-

trilobitic Rusophycus record is like and to search for temporal trends in their morphology. Pre-

trilobitic occurrences are also compared with younger ones to quantify their differences and try 

to interpret their significance. Pre-trilobitic Rusophycus appear to have lower length:width 

ratios than the younger ones. Moreover, they are also, on average wider than the 

younger Rusophycus. This is significant as it could result from a change in producer and 

probably in appendages used for digging. It could as well reflect a reduction in the number of 

appendages used. However, these low ratios could also be the result of taphonomic variation 

and the preservation of only the deeper parts of the traces. A reflection on the potential 

producers of the pre-trilobitic Rusophycus is also provided based on what is known of the 

morphology of early arthropods. While no definitive conclusion can be made, the probability 

that at least some of the earlier Rusophycus were not made by trilobites appears to be clear. 
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Popular science summary 
 

The earliest arthropod trace fossils and their significance 
Gaëlle Van Laere 

 

Ichnology is the study of fossil burrows, trackways, and other traces left by organisms. Unlike 

body fossils such as bones or insect skeletons, which are representative of distinct organisms, 

trace fossils are the result of specific behaviours. Different organisms can share a behaviour, 

and an organism can have different behaviours that produce traces (e.g., hunting, burrowing), 

making it hard, if not impossible, to know the producer of the trace. Trace fossils are very 

important in the study of evolution. Indeed, they give a different angle on evolution and are 

often found in rocks that do not contain body fossils. This is because their preservation is 

favoured by different conditions than the preservation of body fossils. 

This study is focused on the study of the arthropod-produced trace fossil Rusophycus. This 

trace fossil is mainly thought to be produced by extinct arthropods called trilobites, which lived 

from around 521 to 250 million years ago and is mostly interpreted as a resting trace although 

it is sometimes interpreted as a feeding trace. Interestingly, Rusophycus is found in rocks older 

than the first body fossils of trilobites. These older traces are the focus of this study. Here a 

compilation is made to have a clear view of what the record of the earliest Rusophycus looks 

like and to look for potential trends. They also are compared to younger occurrences to look for 

differences, if any. 

Early Rusophycus are found to mostly be wider than long, whereas the opposite has been 

found for the younger examples. Moreover, they also tend to be wider than their younger 

counterparts. This study also reflects on the potential producers of the earliest specimens 

of Rusophycus. Indeed, trilobites are not the only arthropods that could have produced these 

traces. Several other candidates have been proposed as potential producers for at least some of 

them by different researchers over the years, but no conclusion can as yet be made. 
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1 Introduction 
 

The body fossil record is strongly biased towards biomineralized forms. The trace fossil (also known as 

ichnofossil) record, conversely, does not suffer from this limitation. Therefore, soft-bodied organisms 

(or rather, their activities) are not as underrepresented in it. Moreover, in siliciclastic environments, trace 

fossils tend to be more often preserved than body fossils (MacNaughton, 2007). All these make trace 

fossils very important in the study of metazoan evolution. In addition, as ichnofossils are the results of 

organism-substrate interactions, they are crucial indicators in paleoenvironmental studies. Ichnofossils 

are also used for biostratigraphy, especially in the Early Cambrian, where numerous outcrops lack body 

fossils (e.g. Narbonne et al., 1987) and the burrow Treptichnus pedum is used to define the base of the 

Cambrian. 

    Arthropods are the most diverse metazoan group and have been so since the early Cambrian. Their 

mineralised exoskeleton has left a rich fossil record making them an important tool in the study of 

evolution and stratigraphy amongst other fields. Arthropods are also known from their trace fossils. The 

first ichnofossil with undoubted arthropod affinity is the bilobed Rusophycus Hall (Figure 1), which is 

recorded for one of the first times in the Fortunian at ca. 535 Ma (Figure 2) in the Chapel Island 

Formation, Newfoundland, Canada (Daley et al., 2018; Mángano and Buatois, 2016). Contrastingly, the 

earliest arthropod body fossils first appear at around 521 Ma (Figure 2), and potentially will be used to 

define the base of Cambrian Series 2, Stage 3. However, it is worth noting that this may not be the 

earliest arthropod trace fossil because simple “rakings”, Monomorphichnus Crimes do appear earlier, 

but the affinity of these early Monomorphichnus is problematic because of their simpler morphology 

(Daley et al., 2018). The "almost universal" presence of Rusophycus in lower Cambrian deposits (Daily, 

1972) further contributes to make it a significant fossil in the study of arthropod evolution as well as in 

stratigraphy. The Rusophycus avalonensis Biozone is an example of the importance of both arthropod 

trace fossils, and more specifically Rusophycus, for biostratigraphy. This biozone is the second of the 

trace fossil based lower Cambrian zones, after the Treptichnus pedum Biozone, and starts with the first 

occurrence of R. avalonensis (Narbonne et al., 1987).  

    Rusophycus is traditionally interpreted as a resting trace (cubichnia) but might also reflect feeding on 

food particles in the sediments and some examples have been interpreted as predation traces (Brandt, 

2007; Jensen, 1990; Seilacher, 2007). Its bilateral structure, and composition of a series of rakings 

(Figure 1) has led to a widely held view that its maker was an arthropod, namely a trilobite in most cases 

(e.g., Crimes and Anderson, 1985) or at least a trilobite-like arthropod with similar characteristics 

(Seilacher, 2007). Moreover, some well-preserved specimens show more details such as imprints of 

distal claws, and skeletal imprints. However, even though it has been found in direct association with its 

trilobite trace maker (Gibb et al., 2010; Osgood, 1970), it should not be assumed that trilobites are 

always the organisms behind Rusophycus traces. Indeed, it is found before the appearance of trilobites 

(Jensen et al., 2013), and in deposits younger than their disappearance at the end of the Permian (Brandt, 
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2007). Whereas trilobites were marine, or at most lived in marginal marine environments (Mángano et 

al. 2021), post-Palaeozoic Rusophycus have been found in freshwater deposits (Bromley and Asgaard, 

1979). Furthermore, ichnological taxonomy should be erected without considering the trace maker 

(Bertling et al., 2006). Indeed, an organism can produce different types of traces, and a trace can be 

produced by different organisms, warranting caution when discussing the authorship of the majority of 

the trace fossils.  

 

 

Figure 1 Main features of a Rusophycus trace. One black bar equals 1 cm. Picture courtesy of Dr Sören Jensen. 

 

2 Aims 
 

The aims of this thesis are to investigate these earliest, Terreneuvian, occurrences 

of Rusophycus reported in the literature, study their morphologies, and compare them to selected 

younger occurrences in order to get a better understanding of their significance for arthropod evolution. 

The goal is first to understand the pre-trilobitic Rusophycus record in terms of age and paleogeography; 

then, look for unifying traits, if any, and compare the different occurrences to younger ones to look for 

patterns, trends, or differences in shapes, sizes, or scratch marks; and finally, to link all of this to what 

is currently know about early arthropod evolution. 
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3 Material and methods 
 

This project has been primarily conducted as a literature review. Bibliographic databases, including 

Google Scholar, were utilized as well as existing preliminary compilations on early Rusophycus (Jensen 

et al. 2013). In total, the record of 51 specimens recorded in 20 articles, listed in Table 1, have been used 

for this study. It is, however, important to note that some specimens in assemblages were counted as one 

and that in some studies, more occurrences are mentioned but not described or figured and therefore not 

appearing in the present dataset. For comparison, data on younger occurrences consisting of 10 articles, 

listed in Table 2, and recording 52 specimens have also been used. Calculations of length:width ratios 

have been made following Keighley and Pickerill (1996). The measurements used herein are either from 

the text in the articles or taken on pictures available in said articles when possible, using GIMP 2.10.12., 

for the ratios, in the event of several measurements available, the mean has been used. A study of the 

depths was also intended, however, as this information was unavailable in a significant number of studies, 

it has not been conducted. 

 

Table 1 List of the articles reporting pre-trilobitic occurrences treated in this study. In parenthesis are 

the paleogeographic locations. 
 

Article Location Ichnospecies 

 

Alpert 1976 
Western, USA 

(Laurentia) 

Rusophycus cf. dispar, 
Rusophycus isp. 

 

Baghiyan-Yazd 1998 
 

Australia (Gondwana) 
R. avalonensis, R. bonnarensis, 

Rusophycus isp. 
 

Banks 1970 Norway (Baltica) Rusophycus isp. 

Banks 1973 Norway (Baltica) proto-Rusophycus 

Bergström 1970 Sweden (Baltica) Rusophycus parallelum 

Crimes and 

Anderson 1985 

Canada 

(Avalonia) 

Rusophycus avalonensis, 
Rusophycus bonnarensis 

Crimes and Jiang 1986 South China (Gondwana) Rusophycus isp. 
 

Daily 1972 
 

Australia (Gondwana) 
Rusophycus isp, R. bonnarensis (as 

Rusophycus isp. nov) 
 

Fedonki 1977 Poland (Baltica) Rusophycus isp. 
 

Fritz and Crimes 1985 
 

Canada (Laurentia) 
Rusophycus cf. Rusophycus 

bonnarensis, Rusophycus Form B 
Goldring and Jensen 1996 Mongolia (Mongolia) Rusophycus cf. avalonensis, 

Högström et al. 2013 Norway (Baltica) Rusophycus isp. 
Jensen et al. 2002 Western USA (Laurentia) Rusophycus isp. 
MacNaughton and 

Narbonne 1999 

 

NW, Canada (Laurentia) 
 

Rusophycus avalonensis 

 

McIlroy and Brasier 2017 
 

Norway (Baltica) Rusophycus avalonensis 
 

Nagovitsin et al. 2015 Russia (Siberia) Rusophycus avalonensis 
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Table 1 (continued) List of the articles reporting pre-trilobitic occurrences treated in this study. In 

parenthesis are the paleogeographic locations. 
 

Article Location Ichnospecies 

Smith et al. 2016 Mongolia (Mongolia) Rusophycus isp. 
Shahkarami et al. 2017 Iran (Gondwana) Rusophycus avalonensis 

Weber et al. 2013 Kazakhstan, (Kazakhstan) Rusophycus type 
Weber and Zhu 2003 South China (Gondwana) Rusophycus type 

 

Table 2 List of articles reporting younger occurrences used. In parenthesis are the paleogeographic 

locations. 
Article Location Ichnospecies 

Bromley and Asgaard 1979 Greenland (Laurentia) R. eutendorfensis 
 
 

Crimes et al. 1977 

 
 

Spain (Gondwana) 

R. bonnarensis, R. carinatus, R. 

cerecedensis, Rusophycus aff. 

didymus, R. leonensis, R. 

transversensis, Rusophycus isp. 

Droser et al. 2002 Sweden (Baltica) Rusophycus isp. 

Gibb et al. 2009 Australia (Gondwana) Rusophycus unilobus 
 

Gibb et al. 2017 
Canada 

(Laurentia) 

R. eutendorfensis, R. subnotous, 

R. unilobus 

Pandey et al. 2014 India (Gondwana) Rusophycus cf. carbonarius 
Parcha and Pandey 2011 India (Gondwana) R. bikanerus, Rusophycus isp. 

Pickerill and Blissett 1999 Canada (Laurentia) Rusophycus isp. 
 

 

Stachacz 2012 

 

Poland 

(Baltica) 

Rusophycus cf. avalonensis, R. 

carbonarius, R. crebrus, R. 

dispar, R. exsilius, R. magnus, 

R. versans, Rusophycus isp. 
Upadhyay and Parcha 2012 India (Gondwana) Rusophycus isp. 

 

 3.1 Age assignment 
 

The study is restricted to occurrences of Rusophycus that with reasonable confidence are pre-trilobitic 

in age, that is Terreneuvian (i.e., older than about 521 Ma, Landing et al. 2020) as shown in Figure 2. 

Any outcrop younger than Cambrian Series 2 is considered younger than the appearance of trilobites, 

but more precision in the age assignment within the Terreneuvian is often impossible. Indeed, the 

majority (65%) of the studies date their fossils to “lower Cambrian”, below the appearance of trilobites 

but without more precision, 25% of the articles reports occurrences from the Terreneuvian and  10% 

from Cambrian Stage 2. 

    It has been proposed by Bergström (1970) that Rusophycus could be a sign of early Cambrian age, 

and others have pointed out the importance of trace fossils biostratigraphy (e.g., Högström et al., 2013; 

McIlroy and Brasier, 2017). Using the first appearance of Treptichnus pedum to define the base of the 

Cambrian (Narbonne et al. 1987), the first appearance of Rusophycus clearly falls in the Cambrian. Trace 

fossils generally only allow inferences of maximum ages, and most are long-ranging ichnotaxa that in 
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themselves do not allow for age assignment of an outcrop which is problematic. Moreover, pointed out 

by Hughes (2016), many Cambrian ichnotaxa are long ranging. There is also disagreement on the first 

appearance of some taxa like Cruziana, which some researchers consider first appearance to be more or 

less coinciding with the appearance of trilobites (e.g., Hughes et al., 2013) whiles others argue for an 

earlier appearance (e.g., Crimes and Anderson, 1985). Furthermore, in situations where trace fossils 

occur in successions without independent biostratigraphic or radiometric age control age on the outcrops 

remains uncertain. A good example of this is India (Hughes, 2016). There, despite the reports of 

numerous specimens of supposedly pre-trilobitic Rusophycus (e.g., Pandey et al., 2014; Parcha and 

Pandey, 2011), it was decided to follow the assessments made by Hughes (2016), and therefore none 

has been considered pre-trilobitic.  There are reports of pre-trilobitic Rusophycus from several areas of 

Spain (e.g., Liñán et al. 2015). Some of these probably are late Terreneuvian in age but because of 

somewhat loose age constraint on the outcrops they were not considered in this study.   

    Another obstacle to timing the occurrences and correlating them is the common lack of body fossils 

interbedded with trace fossils (Smith et al., 2016), due to their taphonomical differences mentioned 

previously. In particular, supposed Stage 2 occurrences may not all be pre-trilobitic. As an example, we 

can cite the R. parallelum recorded by Bergström (1970). Indeed, the Hardeberga Sandstone, to which 

belongs the Hardeberga quartzite (sensu Bergström, 1970), has been given by some a Holmia age (Vidal 

1981) based on acritarch assemblages, making it potentially syn-trilobitic. The difficulty of precise age 

assignment also means that it is impossible to determine which occurrence is to be considered the oldest 

as only age ranges can be given to the occurrences. All occurrences treated here younger than 

Terreneuvian are considered syn-trilobitic. The only significantly younger occurrence included here are 

the ones recorded in Bromley and Asgaard (1979), which are from the Triassic. These are also the only 

freshwater occurrences of the present dataset. 

Because of the limited age constraint outlined above no attempt has been made to order pre-trilobitic 

Rusophycus temporally. However, effort has been made to determine if the occurrences where indeed 

pre-trilobitic, for example with the Indian occurrences, and the age assignments found in the articles can 

be found in Table A1 in the appendix. 
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Figure 2 Cambrian stratigraphic chart with first occurrences of trilobites and Rusophycus. Based on Cohen et al. 

(2013). 

3.2 Paleogeography 
 

The paleogeographic locations are based on Alvaro et al. (2013) or the articles themselves when possible. 

This choice has been made in an effort of consistency, considering the debates surrounding the early 

Cambrian palaeogeography.  The occurrences are put on a paleogeographic map of the early Cambrian 

in Figure 3. 

 

 

 

 

 

Figure 3 Paleogeographic map of the early Cambrian with the pre-trilobitic occurrences. 1: Alpert 1976, 2: 

Baghiyan-Yazd 1998, 3: Banks 1970, 4: Banks 1973, 5: Bergström 1970, 6: Crimes and Anderson 1985, 7: Crimes 

and Jiang 1986, 8: Daily 1972, 9: Fedonkin 1977, 10: Fritz and Crimes 1985, 11: Goldring and Jensen 1996, 12: 

Högström et al. 2013, 13: Jensen et al. 2002, 14: MacNaughton and Narbonne 1999, 15: McIlroy and Brasier 2017, 

16: Nagovitsin et al. 2015,17: Smith et al. 2016, 18: Shahkarami et al. 2017, 19: Weber et al. 2003, 20: Weber and 

Zhu 2013. Modified from Torsvik and Cocks, 2016. 
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4 Generalities on Rusophycus 
 

4.1 Environment and taphonomy 
 

Palaeozoic Rusophycus are mainly found in shallow marine environments, with possible incursions into 

marginal marine settings (Mángano et al. 2021).  In contrast Mesozoic Rusophycus are mainly from 

freshwater deposits (e.g., Bromley and Asgaard, 1979). Rusophycus is part of the Cruziana ichnofacies 

which is characteristic of shallow marine environments spanning from lower shoreface to lower offshore 

environments (Weber et al., 2013).  Rusophycus is most commonly preserved in positive hyporelief 

(hypichnia) on the sole of sandstone beds (Osgood, 1970), although it can sometimes be preserved as 

negative epirelief (epichnia). According to Sadlok (2013), the epichnia type of preservation is the 

preservation of the true trace as concave epirelief, and the hypichnia type is the preservation of the 

infilling of the trace in a convex hyporelief, i.e., a cast of the original trace. It is very rarely found with 

body fossils as it occurs in sandy facies where the preservation of traces is favoured (Seilacher, 1970), 

and its detailed preservation is related to the fact that undertracks have a high preservation potential 

(Seilacher, 2008). Moreover, the Early Cambrian seafloor appear to have had conditions particularly 

favourable for the preservation of shallow trace fossils with detailed preservation, and Rusophycus 

generally is a shallow trace (Jensen et al., 2005). 

 

4.2 Distinction between Rusophycus and Cruziana 
 

Rusophycus, as defined in Keighley and Pickerill (1996), is a bilobate trace with a coffee bean shape. It 

is relatively short, and the lobes tend to be parallel to sub-parallel, smooth, or bearing scratch marks. It 

is caused by the activity of a bilaterian organism with paired limbs (Daley et al., 2018) and is a relatively 

shallow trace fossil (Droser et al., 2002).  Rusophycus is sometimes found in direct association 

with Cruziana d’Orbigny, another arthropod trace fossil, and their potential synonymy has been debated. 

However, it is now accepted by most researchers that they are two different ichnotaxa. Keighley and 

Pickerill (1996) have proposed a length: width ratio of 2:1 to separate the two ichnogenera. A specimen 

with a ratio over 2:1 would be assigned to Cruziana, and a specimen with a lower value to Rusophycus. 

This criterion has been used in previous studies (e.g., Shahkarami et al., 2017) and is used here to identify 

the nature of the traces. Nonetheless, not all issues regarding the distinction 

between Cruziana and Rusophycus are resolved. This is especially true in the case of repetitions of 

Rusophycus producing a trace with an intermediate morphology between the two (Brandt, 2007). For 

example, Kesidis et al. (2019) have found that some Cruziana could be cumulative structures composed 

of Rusophycus. 
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5 Diagnosis and descriptions of the occurrences treated 
 

5.1 Diagnosis of the ichnospecies 
 

The original diagnosis of Rusophycus avalonensis in Crimes and Anderson (1985) describes it as a 

“Rusophycus consisting of fine scratch marks in bundles of five or more, arranged obliquely or 

transversely to the median line”. However, the holotype chosen for this ichnospecies is a Cruziana 

fasciculata described in Seilacher (1970) from Spain (Cadomia, peri-Gondwana/Gondwana). Indeed, 

Crimes and Anderson (1985) chose to extract the Rusophycus forms from C. fasciculata to put them 

in R. avalonensis. That of Rusophycus parallelum in Bergström (1970) states it has two parallel sides, a 

low relief and presents the traces of two distal claws. The diagnosis of Rusophycus bonnarensis in 

Crimes et al. (1977) defines the Rusophycus forms of Cruziana cantabrica as Rusophycus bonnarensis. 

They are defined as being preserved in positive features, with deep and large markings that meet 

medially forming its distinctive moustache-shape. The specimens have 6 or more shallow scratch marks 

parallel to the anterior margin. An emended diagnosis of Rusophycus dispar, found in Stachacz (2012), 

states that this ichnospecies is deep with an oval and symmetrical shape with a narrow median furrow. 

It is preserved as hypichnia. The lobes have scratch marks meeting in the middle at a V-angle of 60-

180°, the V shape created by the meeting of the scratch marks goes in opposite directions at the anterior 

and posterior part of the trace. The width of the scratch marks can be different in the anterior and 

posterior parts of the lobes. 

 

5.2 Description of the pre-trilobitic occurrences 
 

All descriptions are amended from the original texts unless specified. The descriptions are organised by 

paleogeographic locations. Due to the variety of different terms used as well as for the sake of 

consistency and clarity the term “scratch mark(s)” will be used to qualify markings labelled, “scratch 

marks”, “marks” or even “ridges”, amongst others in the original texts. 

    Some specimens are drawn on Figure 4. The drawings on this figure have been made with GIMP 

2.10.12. from the pictures in the articles. Not every pre-trilobitic specimen has been drawn due to the 

quality of some pictures or the poor preservation of some traces. 

    The mean of the size range give in the text was used for the specimens of Rusophycus isp. reported in 

Baghiyan-Yazd (1998). This includes the specimen illustrated in the article as attempts to measure it 

gave value out of the range given in the text. Additionally, it was impossible to get measurements for 

the specimen in Weber et al. (2013). Therefore, they were not included in the graphs. These specimens 

are nonetheless retained in the study as occurrences, as are others with incomplete data. One of the 

specimens in Bergström (1970) was truncated and provided incomplete data; therefore, it also does not 

appear in the graphs involving the missing data. Most of the V angle values given in the descriptions are 
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means of several measures taken on the pictures for more accuracy, but some come from the original 

texts. Regarding the Rusophycus isp. figured on plate 1B of Daily (1972), this specimen is the same as 

the one illustrated on plate 23A of Baghiyan-Yazd (1998), on which it is more clearly visible. Therefore, 

the measurements have been taken on the later picture, and it has been considered as R. bonnarensis in 

this study as it is the identification given in Baghiyan-Yazd (1998). 

 

5.2.1 Avalonia 
 

Crimes and Anderson (1985) attributed four specimens from the Random Formation, Long Cove of 

Newfoundland, Canada, to Rusophycus avalonensis. Preserved as positive features, the specimens in 

Crimes and Anderson (1985) have fine scratch marks approximatively transverse to the median line, two 

elliptical bundles of five or more scratch marks, and some have a coffee bean shape. They all are a few 

millimetres deep. They are drawn in Figure 4R–T. Additionally, they report two specimens of R. 

bonnarensis, preserved as positive reliefs, but only one is pictured. They are large and deep with a 

horseshoe or moustache shape, and the margins get narrower posteriorly on each side. One specimen 

presents coarse scratch marks parallel to the front margin. These Rusophycus are from the Random 

Formation of the Burin peninsula.  

    Additional occurrences of Rusophycus avalonensis have been reported from the Chapel Island 

Formation, underlying the Random Formation, and this forms the basis for the Rusophycus avalonensis 

Biozone (Narbonne et al., 1987). Occurrences at multiple levels have been indicated (Narbonne et al., 

1987; Landing et al., 1988) however, to date only a single specimen has been figured (Narbonne et al., 

1987); the quality of the picture and the lack of description do not allow for more comments. The 

occurrences of Rusophycus avalonensis in the Chapel Island Formation are Fortunian in age, whereas 

occurrences in the Random Formation are Stage 2. 

 

5.2.2 Baltica 
 

In Banks (1970), one specimen of Rusophycus isp. is pictured from the Lower Member of the Breidvika 

Formation in the Tannafjord area in Norway. This specimen is preserved as positive features and shows 

two sets of scratch marks that look parallel or close to. The scratch marks meet in the middle at an angle 

approximating 165°.  

    Högström et al. (2013) figured an additional specimen of Rusophycus isp. from this unit. Preserved 

as a positive feature it is large and with coarse scratch marks. The pictured specimen has one lobe better 

preserved than the other and is drawn in Figure 4O. 

    From the same unit three specimens of R. avalonensis are pictured in McIlroy and Brasier (2017). 

None of the traces is described in the text. Two of them are preserved as positive features, while the 

other one is preserved as negative features and is the only one where the two lobes are visible in the 
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picture. Scratch marks seem relatively straight on one of the specimens preserved as positive features 

and on the one preserved as negatives. Two are in association with Planolites, but the attribution 

to Rusophycus of these two traces (McIlroy and Brasier, 2017, fig. 8e, f) can be debated as they only 

display one lobe and look very different from any other Rusophycus trace. For this reason, only the third 

specimen has been measured and drawn (Figure 4N). The Lower Member of the Breidvika Formation 

is Fortunian in age (e.g., Högström et al., 2013) 

Also from Norway, but from the Halkkavare section of the Dividal group, Banks (1973) reported one 

specimen labelled as proto-Rusophycus. This specimen is an hypichnial mould composed of sets of sub-

parallel scratch marks and is represented in Figure 4J.  

    From the Hardeberga quartzite, of southern Sweden, which may be Cambrian Series 2 as discussed 

above, two Rusophycus were reported by Bergström (1970), who identified them as the new species, R. 

parallelum. The holotype (Figure 4M) is preserved as positive relief with a constant width and a 

maximum depth of 3mm. The claw imprints are faint and barely visible. The scratch marks are transverse 

and slightly curving backwards towards the sagittal line. A second specimen is also preserved as positive 

relief but has its length truncated. Its width is constant, the scratch marks are obliquely inwards-

backwards, and the imprint of two distal claws is visible. This specimen is also shallow, with a depth 

less than 5mm. 

    Fedonkin (1977) figures one specimen of Rusophycus isp. from the Radzin borehole in Poland but no 

description in the text. The specimen is bilobate but not complete, and the left lobe seems more truncated 

on the anterior side than the right. It is quite deep (20mm), and the scratch marks are relatively coarse 

and parallel to sub-parallel. A worm-like straight tubular trace is linked to the anterior part of the left 

lobe, as can be seen on the drawing in Figure 4Q. 

 

5.2.3 Australia 
 

Baghiyan-Yazd (1998) reports four specimens of Rusophycus bonnarensis (Figure 4D, F) from the Allua 

Formation, Ross River in the Amadeus basin, Australia. These traces are preserved as positive hyporelief 

and have the characteristic R. bonnarensis moustache shape. They have five to six parallel to sub-

parallel scratch marks per lobe. Some scratch marks show a double claw impression, especially towards 

the anterior end. The other specimen, only pictured, is also preserved as positive hyporelief and has a 

moustache shape with the anterior ends of each lobes linking. There are no scratch marks visible on the 

pictures of either article in which it appears. This R. bonnarensis is from the Uratanna Formation, 

Flinders Ranges, South Australia. Four specimens of R. avalonensis (Figure 4C) are also presented in 

Baghiyan-Yazd (1998). These Rusophycus are preserved as convex hyporelief and composed of two sets 

of five or more pronounced transverse scratch marks which are not thin. The 3 to 8mm deep sets are 

elliptical to coffee bean shaped. They were found in Cyclops Bore, and Ross River in the Amadeus basin 

in Australia. The pictured specimen is from the Box Hole Formation in Cyclops Bore. This article also 
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describes four specimens of Rusophycus isp. from the Allua Formation, Ross river in the Amadeus basin 

in Australia. These specimens do not clearly show a bilobate structure and are 10 to 15mm deep. They 

are large and oval with transverse scratch marks except for one specimen on which the scratch marks 

are proverse and retroverse, with some having a faint bifurcation. They are said to resemble R. dispar. 

However, the picture does not allow comparisons beyond the overall shape and maybe the transverse 

scratch marks. 

    Three specimens of Rusophycus isp. are reported in Daily (1972), from the Uratanna Formation, 

South Australia, as Rusophycus isp. nov., although the total number of occurrences is not given, and no 

description is provided in the text.  One of these specimens is also pictured in Baghiyan-Yazd (1998) 

who identified it as Rusophycus bonnarensis (Figure 4E). The other two are bilobed traces preserved as 

positive features. The first one is partly eroded, and some coarse scratch marks seem to be visible in the 

picture. The picture does not allow for further description of the second one. 

 

5.2.4 South China 
 

A single specimen of Rusophycus isp. is reported by Crimes and Jiang (1986), found in the Zhongyicun 

Member of the Meishucun section in the Yunnan province of China. The scratch marks are deep and 

transverse, and convex anteriorly, these scratch marks resemble those of R. bonnarensis, but the 

specimen does not have its moustache shape. The posterior margin is indistinct. This specimen is figured 

in Figure 4K. 

    A few Rusophycus traces are reported by Weber and Zhu (2003) from the Upper Phosphate member 

of Zhujiaqing Formation in the Yunnan province of South China. There are four specimens pictured, the 

first one identified as a Rusophycus-type trace while the others are Rusophycus isp. Three of the traces 

are preserved as positive hyporeliefs, 10 to 12mm deep, and one as epirelief. The epirelief specimen 

differs from the others by the presence of a prominent round structure in its centre. All of them are 

composed of sets of scratch marks presenting a bilateral symmetry. The specimen on the drawing in 

Figure 4I presents a circular structure in its centre and a sort of radial orientation of the scratch marks. 

Two are found in association with a worm-like trace parallel to the median line and close to the centre. 

Two of these specimens (Weber and Zhu, fig. 2B, C) have V angles of around 125°. These occurrences 

are Fortunian in age on the basis of radiometric and biostratigraphic data. They are figured in Figure 

4H, I. 

 

5.2.5 Iran 
 

Shahkarami et al. (2017) record one specimen of Rusophycus avalonensis, preserved as a positive 

hyporelief from the Uppsa Shale member of the Soltanieh Formation. This specimen, figured in Figure 

4P, is short, bilobed, and consists of only a few (6 to 7) scratch marks transverse to the axis lacking the 
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bundle arrangement specified in the diagnosis of R. avalonensis. The scratch marks meet in the middle 

at an angle approximating 145 to 150°. 

 

5.2.6 Kazakhstan 
 

Weber et al. (2013) describe a Rusophycus-type trace preserved as hyporelief. The scratch marks are 

transversal, partly paired, and symmetrically arranged in a V shape along the axis and said to resemble R. 

avalonensis, but the picture does not allow further comments. This specimen is from the Karatau 

member of the Upper Chulaktau Fm in the Malyi Karatau area in Kazakhstan. 

 

5.2.7 Laurentia 
 

In a study of the White-Inyo Mountains of California in the USA, Alpert (1976) reported nine collected 

specimens of Rusophycus cf. dispar; although more were found, the total number of specimens is not 

given. The specimens are 2.5 to 8mm deep, large, and elliptical to heart shaped. The scratch marks are 

fine to coarse and transverse to slightly oblique, and quite often bidirectional. However, on the pictures, 

they do not seem to display the change in orientation between the anterior and posterior part of the V-

angles usually present in R. dispar. The Rusophycus cf. dispar occur in different localities and 

formations, but only the ones from the Upper Member of the Deep Spring Formation are pre-trilobitic 

the Fallotaspis Zone only starting in the overlying Andrews Mountains Member of the Campito 

Formation. Alpert (1976) also reports four specimens of Rusophycus isp. (Figure 4A, B) from the Upper 

Member of the Deep Spring Formation. The first one is a shallow heart-shaped mould with fine and 

parallel transverse scratch marks meeting with a V angle approximating 150 to 155°. The other three, 

which have been collected, are described as large and shallow with two separate sets of scratch marks 

10 to 15mm apart with fine and transverse scratch marks. 

    Jensen et al. (2002) picture 4 specimens from Montgomery Mountain section 2 of the lower member 

of the Wood Canyon Formation in the southwest Death Valley Area in the USA. The total number of 

occurrences is unspecified. These shallow specimens less than 2mm deep are preserved as positive 

features. They are uni- or bilobed with fine scratch marks, straight or slightly curved and transverse or 

nearly so to the length axis. The scratch marks seem rather faint in two out of the three pictures. In the 

first picture, the scratch marks meet in the middle with a V angle between 155 and 165°. They are said 

to resemble the specimens reported in Alpert (1976). 

    MacNaughton and Narbonne (1999) report occurrences from the Backbone Range Formation of the 

McKenzie Mountains in Canada. One specimen is pictured but not described. This Rusophycus 

avalonensis is bilobate, with one lobe better preserved than the other. It is preserved as positive features; 

the scratch marks are coarse and concave in the anterior-posterior direction. The specimen is figured in 

Figure 4G. 



13 

 

    Fritz and Crimes (1985) report three specimens of Rusophycus from the Boya Formation of the 

Cassiar Mountains in British Columbia, Canada. Two specimens are identified as Rusophycus cf. 

Rusophycus bonnarensis and illustrated by a drawing. These traces are poorly preserved positive 

hyporeliefs. They are bilobate and deep (25mm), with more or less transversal scratch marks meeting in 

the middle. No V-angle measures are possible due to the lack of pictures. The other specimen is identified 

as Rusophycus Form B of Crimes and is also preserved as a positive hyporelief. This specimen is 

bilobate with its lobes fused in the middle part, getting narrower posteriorly and has a depth of 24mm. 

 

5.2.8 Mongolia 
 

Several specimens of Rusophycus cf. avalonensis are mentioned in Goldring and Jensen (1996), and two 

specimens are illustrated. They are preserved as positive hyporelief, are pretty shallow, and range from 

only surface scratch marks to proper coffee bean shape. The scratch marks are transverse, almost 

parallel, and there is no angular convergence. They were found in the Bayangol Formation in the 

Zavkhan basin. 

    Smith et al. (2016) picture two specimens, only identified to the genus level, from the Middle and 

Upper Bayangol Formation. They are, however, not described in the article. Both are bilobate and 

preserved as positive features. The length seems to be truncated on the first one, and one lobe shows 

deeper and coarser scratch marks. It has at least 7 scratch marks per lobe, parallel to subparallel. On the 

second one, the lobes meet in the middle, and the scratch marks are thin and seemingly oriented antero-

posteriorly on the anterior part and postero-anteriorly from the middle to the anterior part. 

 

5.2.9 Siberia 
 

Nagovitsin et al. (2015) picture one specimen of Rusophycus avalonensis (Figure 4L) without describing 

it. It is composed of two sets of scratch marks of varying thickness that are inclined pointing towards 

the median furrow and seem grouped in bundles. One lobe has slightly coarser scratch marks. It is 

considered Fortunian in age based on radiometric ages and stratigraphic context. 

 

5.3 Description of selected younger occurrences 
 

Only a few specimens will be described here for comparison. For the rest of the descriptions, the reader 

is invited to look into the original articles.  

 

5.3.1 Baltica 
 

Droser et al. (2002) illustrates a specimen of Rusophycus isp. from the Mickwitzia sandstone 

(Cambrian Stage 3/Stage 4) of southern Sweden. It is small and bilobate with both lobes composed of 
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rather straight scratch marks. The lobes are 3.5mm apart. This specimen is shallow and preserved as 

positive hyporelief. However, some specimens of the Mickwitzia sandstone have been found to be 

rather deep (Jensen, 1997). 

    Stachacz (2012) reports a considerable number of occurrences from the Ociesęki Sandstone 

Formation, Holy Cross Mountains in Poland. Out of the seven different species (not including 

specimens only identified to genus level), two stand out for comparison with the pre-trilobitic dataset, 

both of which occur in the Holmia-Schmidtiellus Zone. The first one is Rusophycus cf. avalonensis, 

represented by four specimens, out of which two are pictured. These shallow bilobate traces are 

preserved as hypichnia and have indistinct margins and shallow indistinct median furrows. They are 5 

to 10mm deep and have 8 to 9 scratch marks which are slightly curved and almost perpendicular to the 

median line. Some scratch marks split into thinner ones close to the margin. Unlike stated in the 

diagnosis of R. avalonensis, the scratch marks are not grouped in bundles. The other notable species 

reported in this article is Rusophycus dispar. It is represented by over ten specimens, and four are 

pictured in the article. These Rusophycus are bilobate traces preserved as hypichnia, 20 to 40mm deep. 

They are oval or somewhat elongated, with scratch marks meeting in the median furrow. These scratch 

marks are oriented in opposite directions in the anterior and posterior part of the traces and are coarse 

in the anterior part. 

 

5.3.2 Laurentia 
 

Gibb et al. (2017) report specimens of three species of Rusophycus from Cambrian Series 2 rocks in 

Canada. The first one, Rusophycus eutendorfensis, is from the Fort Mountain Formation in Alberta, 

Canada. Two are from different localities: Mount Babel and Redoubt Mountain. These last two are the 

specimens pictured. The bilobed traces are preserved a convex hyporeliefs. The lobes of the traces are 

well defined, as is the median furrow, becoming a mesial opening anteriorly. The scratch marks are 

oblique forming a V-angle of around 100° in the anterior part and 80 to 120° in the posterior. The second 

species is Rusophycus subnotous, from the Gog Group, Lake O’Hara in British Columbia, and it is 

represented by two pictured specimens. The pictured specimens are the holotype and the paratype. They 

are preserved as convex hyporelief. These Rusophycus are bilobate with well-defined lobes forming an 

oval shape and separated by a median line opening posteriorly. The scratch marks consist of single lines 

meeting at a V-angle of 80°, and they are not lateral scratch marks. Their depths range from 2.7 to 

5.4mm. The third species is Rusophycus unilobus from the Fort Mountain Formation of the Gog Group 

of the Redoubt Mountain in Alberta, with an unknown number of specimens out of which two are 

pictured. These bilobate traces are preserved as convex hyporelief and do not have median furrows. The 

scratch marks cross, creating a braided structure. 
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Figure 4 Drawings of the pre-trilobitic occurrences. A, B. Alpert 1976 Pl. 2.4 and Pl. 2.10; C-F Baghiyan-Yazd 

1998 Pl. 21E, 25A, 23A and 23D; G. MacNaughton and Narbonne 1999 Fig 9A; H, I. Weber and Zhu 2003 Fig 

3A, B; J. Banks 1973 Fig. 4B; K. Crimes and Jiang 1986 Fig 4C; L. Nagovitsin et al. 2015 Fig 8D; M. Bergström 

1970 Pl. 1A; N. McIlroy and Brasier 2017 Fig 8G; O. Högström et al. 2013 Fig 5I; P. Shahkarami et al. 2017 Fig 

4.2; Q. Fedonkin 1977, Pl.D; R-T. Crimes and Anderson 1985 Fig 5.3, 12.2 and 5.2. 
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6 Results 
 

A considerable number of the fossils are not identifiable below genus level owing to the quality of 

preservation. Only 5 species are recorded in the pre-trilobitic dataset whereas 17 are found in the younger 

dataset, even though the latter is based on only 10 studies. Out of these R. avalonensis appears in both 

as well as R. bonnarensis and R. dispar, although in the younger dataset R. avalonensis is only identified 

as Rusophycus cf. avalonensis and in the pre-trilobitic dataset R. dispar is only identified as Rusophycus 

cf. dispar making R. bonnarensis the only species undoubtedly present in both datasets. 

     From the drawings it seems that the Rusophycus in Figure 4B, which is the one from Alpert (1976) 

said to resemble a specimen in Jensen et al. (2002, Fig 4F), also resemble the specimen in Figure 4J 

which is from Banks (1973). Visually, these traces are also similar. Size and ratio-wise the specimen 

from Banks (1973) has a width of 35.9mm and a ratio of 0.98 and the specimen from Jensen et al. (2002) 

has a width of 13.95mm and a ratio of 1.4. The specimen in Alpert (1976) is 58mm wide. The widths of 

these specimens are quite different and their ratios too although they are both on the higher end. 

    The length:width ratios of the pre-trilobitic specimens have been compared with those of the younger 

ones. Specimens wider than long have a ratio below 1 and specimen longer than wide a ratio above. The 

results displayed in Figure 5 show 61.1% of the specimens being wider than long and 38.9% longer than 

wide. The longer than wide specimens include the four specimens, counted as one, of Rusophycus isp. 

reported by Baghiyan- Yazd (1998) for which the median of the value given in the text was used since 

it was impossible to take good measurements on the picture. However, looking at the specimen pictured, 

it seems like it is significantly wider than long, and it is important to consider that it might also be the 

case for the other three. Out of all these specimens being longer than wide 6 are still under the 1.5 ratio. 

This corresponds to 42.9% of them and 15% of the total including the Baghiyan-Yazd (1998) specimens. 

Contrastingly, as shown in Figure 6, in the younger dataset has only 15.4% of its specimens wider than 

long and 84.6% longer than wide. 

    Two specimens from Pandey et al. (2014) have been left out due to a ratio higher than 2 and therefore 

corresponding to the definition of Cruziana of Keighley and Pickerill (1996).  They were identified in 

the text as R. bikanerus and Rusophycus isp. 
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Figure 5 Comparison of the length width ratios of the different pre-trilobitic specimens. The red dotted line marks 

a ratio of one. Pl and Fig are referencing to the original articles, Pl = plate, Fig = figure. 
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Figure 6 Length:Width ratios of the younger occurrences used for comparison. The red dotted line marks a ratio 

of one. Pl and Fig are referencing to the original articles, Pl = plate, Fig = figure. 
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Figure 7 Width of the pre-trilobitic specimens. Pl and Fig are referencing to the original articles, Pl = plate,   Fig 

= figure. 
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Figure 8 Width of the younger specimens. Pl and Fig are referencing to the original articles, Pl = plate, Fig = 

figure. 
 

    The width of the specimens in the two datasets studied herein is shown in Figures 7 and 8.  It appears 

that 86.1% of the specimens in the pre-trilobitic dataset are wider than 20mm when only 55.8% of the 

younger occurrences are. However, in both datasets, the majority of the specimens have widths smaller 

than 40mm although a higher percentage (44.4% vs 21%) of pre-trilobitic occurrence is above that value 



21 

 

 

 

Figure 9 Width of the specimens identified as R. avalonensis. Pl and Fig are referencing to the original articles, Pl 

= plate, Fig = figure. 
 

    Whilst they have quite different ratios (0.37 to 1.35), most specimens of R. avalonesis are not 

especially wide nor are they small. Indeed, as shown on Figure 9, only one specimen has a width above 

60mm and one a width under 20mm. Two specimens from McIlroy and Brasier (2017) are excluded 

from the figure as their identification as R. avalonensis is quite debatable. 

    Rusophycus is sometimes found in association with other traces. Some of which may be indicators of 

the behaviour at the origin of the Rusophycus involved. For example, some researchers consider 

some Rusophycus to be representative of a hunting behaviour (Brandt, 2007). This hypothesis is justified 

by the association of some Rusophycus with worm burrows such as Planolites. Potential associations of 

this type have been found in pre-trilobitic occurrences. However, caution is advised when treating 

associations as relative timing of the traces can be hard to infer. In Alpert (1976), Baghiyan-Yazd (1998), 

and McIlroy and Brasier (2017), specimens of Rusophycus have been found crossed by or in close 

associations with Planolites. Baghiyan-Yazd (1998) also report the close association 

of Rusophycus with Paleophycus tubularis burrows. Lastly, in Weber and Zhu (2003), two specimens 

are associated with unidentified worm-like traces, and in Fedonkin (1977), Rusophycus is also 

associated with a worm-like trace. 

Sometimes Rusophycus is also found in association with Cruziana, a trace that, as previously 

mentioned, can be considered syn-trilobitic (Hughes et al., 2013). However, in the articles studied 

herein, this is not considered to be the case as Crimes and Anderson (1985), Crimes and Jiang (1986), 
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and Fritz and Crimes (1985) all report Cruziana specimens from the same beds as Rusophycus while 

still considering the occurrences as pre-trilobitic. 

 

7 Discussion 
 

This dataset may not be 100% complete but an effort has been made in making it as complete as possible 

for the pre-trilobitic occurrences. There is probably a bias in the younger occurrences dataset as it was 

impossible to treat every single occurrence for this study. 

 

7.1 The pre-trilobitic record or Rusophycus 
 

One of the most common ichnospecies of Rusophycus in the early Cambrian is R. avalonensis which is, 

as mentioned before, indicative of the biozone of the same name. Hence, R. avalonensis is a very 

important ichnospecies. Interestingly though, there does not seem to be syn-trilobitic occurrences of R. 

avalonensis. The only syn-trilobitic (Holmia-Schmidtiellus Zone) report of this ichnospecies that this 

study has found is that of the specimens in Stachacz (2012) and identified as Rusophycus cf. 

avalonensis. However, it is worth noting that the specimens have coarse scratch marks that are not 

arranged in bundles, unlike what the diagnosis states. 

    The original diagnosis for R. avalonensis is not particularly detailed and therefore allows for 

morphological variations. It only states that it is a shallow Rusophycus consisting of fine scratch marks 

in bundles of five or more, arranged obliquely or transversely to the median line. Some specimens do 

have a coffee bean shape and others, only bundles of claw markings. However, in the original description 

of the specimen chosen as holotype for Cruziana fasciculata, Seilacher (1970) gives slightly more 

details by stating that the scratch marks are 4 to 6 per bundle and almost transverse in the front of the 

trace and become slightly oriented postero-medially in the anterior part. 

    Some identifications have been made more based-on shape resemblance than on these characteristics, 

and therefore specimens with coarse scratch marks (e.g., Baghiyan-Yazd, 1998) or scratch marks not 

grouped in bundles (e.g., Shahkarami et al., 2017) have been assigned to R. avalonensis. 

    Some have transformed this requirement of bundles grouped in sets in two sets with one bundle of 

over 5 scratch marks each. Moreover, from the drawing of different specimens assigned to R. 

avalonensis on Figure 4 (drawings C, G, L, N, P, R, S and T), we can see that they look different, and 

from Figure 4 it is also apparent that they have pretty varying ratios. However, most of them have widths 

that are neither remarkably small nor large. 

    The identification of the specimens pictured in figures 8e and 8g of McIlroy and Brasier (2017) as 

Rusophycus can also be disputed. Indeed, these unilobed tracks do not display the 

typical Rusophycus characteristics. Some specimens of Rusophycus isp. in this dataset are said by the 

original authors to resemble R. avalonensis. For the specimen in Weber et al. (2013), neither the picture 
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nor the description allows comments on the matter. As for the specimens in Weber and Zhu (2003), the 

authors acknowledge a smaller size than the usual R. avalonensis and only mention a resemblance to 

that ichnospecies.  

    It is probable that Rusophycus avalonensis has come to be used in a broader sense than that of the 

original diagnosis and that future studies may find that assignment of several of the Fortunian specimens 

to this ichnospecies need reconsideration.    

    Early Rusophycus seem to be present in all the major palaeocontinents of the Early Cambrian, as seen 

in Table 1. This wide distribution has been brought up in earlier studies (Daily 1972; Jensen et al. 2013). 

It implies a wide distribution of this behaviour at that time, regardless of the producer. However, it could 

also point toward a wide distribution of a unique type of producer for all the traces. Jensen et al. (2013) 

interestingly pointed out that the majority of the areas where early trilobites are found also bear pre-

trilobitic Rusophycus. 

    Direct associations of Rusophycus with other trace fossils are rare and since, as mentioned previously, 

it is hard to give relative timing of the traces involved, the question of their significance remains open. 

Tarhan et al. (2012) point out that their rarity could be related to a need for specific taphonomical 

conditions. 

 

7.2 Potential producers of pre-trilobitic Rusophycus 
 

Whilst most syn-trilobitic Rusophycus tend to be easily attributed to trilobites, there is more discussion 

when it comes to the pre-trilobitic ones. Some authors consider that they were made by trilobites that 

did not fossilise due to their lack of mineralisation (Crimes and Jiang, 1986). Seilacher (1970) also point 

out that burrowing arthropods tend to be less calcified than their non-burrowing counterpart as an 

explanation for the lack of trilobite body fossils found with these traces. Others, on the contrary, 

disregard the potential existence of soft-bodied trilobites as an explanation (Daily 1972). 

    But if trilobites are not the trace makers it means that other arthropods are. This point is made in 

several articles (e.g., Donovan, 2010, Jensen et al., 2013). Seilacher (1970, 2007) mentions merostomes, 

phyllopods, limulids or aglaspidids as potential Rusophycus producers; others, like Stein et al. (2013) 

suggest that other, non-mineralising clades of arthropods could exhibit the same behaviour and therefore 

produce Rusophycus. Indeed, the appendage morphology that trilobites exhibit is also found in non-

mineralised basal arthropods making them likely to be able to produce Rusophycus traces (Stein et al., 

2013).  However, this morphology, that may result from the fusion of a leg and a respiratory structure is 

not found in more basal Artiopoda (Hou et al., 2021; Stein et al., 2013). 

    While it is certain that trilobite did evolve to be able to make these types of traces the timing of this 

evolution is still unknown. This means that when trilobites started to be Rusophycus producers is still 

an open question. 
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7.3 Comparison with the younger record 
 

Articles dealing with the younger occurrence tend to report a greater number of specimens and a greater 

diversity of species. This may be due to the diversification in the producers and their morphologies. 

Rusophycus being qualified as common in most of the pre-trilobitic studies, the greater number of 

specimens reported per study in the younger occurrences may also be related to the greater diversity of 

form found. Furthermore, their seem to be a change in the ichnospecies from pre- to syn-trilobitic, as 

shown by the record of R. avalonesis and R. bonnarensis. Indeed, R. bonnarensis is likewise restricted 

to the Lower Cambrian although not the lowermost (Crimes and Anderson, 1985). 

    This change is reflected by the shape and morphology of the specimens. Indeed, Jensen et al. 2013 

mentions the fact that the pre-trilobitic traces are significantly wider than long implying a high width : 

length ratio, corresponding here to a low length : width ratio here. The comparison of the datasets used 

herein point towards the majority of the pre-trilobitic specimens being wider than long and the opposite 

for the younger specimens. These observations seem to confirm the point brought up by Jensen et al. 

(2013) and highlight a shape difference between pre-trilobitic and younger Rusophycus. This could also 

be a sign of a modification in the behaviour evolving towards more cruzianiform traces. 

Several articles mention the large size of early Rusophycus potentially of their producers (Jensen et al. 

2013, Weber et al. 2013), and Högström et al. (2013) even implies that it is usual for Terreneuvian 

Rusophycus to be large and with coarse scratch marks. This morphological difference is also observed 

in this study with the majority of the pre-trilobitic occurrences being wider than the younger ones. The 

shape differences added to the differences in species found could signify a need to define new 

ichnospecies potentially restricted to pre-trilobitic occurrences. 

    These differences in size and shape raise question about their causes. Whilst it is impossible to know 

for sure the producer of these traces these differences are pointing towards a difference in producer 

between the pre- and syn-trilobitic Rusophycus or a modification of the behaviour causing these traces. 

The low length:width ratio could also be a consequence of the trace fossils reflecting the activity of only 

a small number of appendages or a limited set of appendages used in the digging, as suggested for 

Rusophycus bonnarensis by Crimes & Anderson (1985) or, if produced by animals other than trilobites, 

other types of appendages being used in digging. This could also be a consequence of taphonomy in a 

shallow trace fossil where only the deeper parts are preserved. Therefore, the length would be less 

preserved than the width (Seilacher, 2007). Changes could also reflect the trilobites becoming the main 

producer of Rusophycus. 
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8 Conclusions 
 

Pre-trilobitic and younger occurrences Rusophycus show differences in shape and size that are 

quantifiable. Pre-trilobitic Rusophycus are wider and with lower length : width ratios than the younger 

one. However, it is not yet possible to conclude on the reason for these differences and it would require 

more data on Terreneuvian arthropods. 

    It seems to be widely accepted that other arthropods, mineralising or not, where also able to produce 

Rusophycus. Therefore, it is not unreasonable to assume that they could be behind, at least some, pre-

trilobitic specimens. This could be influencing the morphology of the Rusophycus and therefore would 

be interesting to investigate further. It would also be interesting to do a study on the depths of the pre-

trilobitic Rusophycus as it was intended to be done here if enough data had been available. This would 

probably give a better idea of the extent of taphonomical bias in the pre-trilobitic Rusophycus. 
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Appendix 

 
Table A1 Age assignment of the pre-trilobitic occurrences by the original articles 

Article Location Age assignment in the article 

 

Alpert 1976 

 

Western, USA 

(Laurentia) 

Early Cambrian, below the 

lower trilobites’ body fossils 

(1500 feet ≈ 457m). 

 

 

Baghiyan-Yazd 1998 

 

 

Australia (Gondwana) 

Lower Cambrian, higher part of 

the early Cambrian, middle 

Tommotian to Atdabanian age 

based on the R. avalonensis 

zone. 
 

 

Banks 1970 

 

 

Norway (Baltica) 

The Lower Breivik Member 

contains Precambrian to Lower 

Cambrian deposits. Indication 

of the low Lower Cambrian by 

Platysolenites antiquissimus. 
  

Banks 1973 

 

Norway (Baltica) 

Lower Cambrian age indicated 

by Platysolenites 

antiquissimus. 
 

 

Bergström 1970 

 

 

Sweden (Baltica) 

Early Cambrian, no trilobites in 

the Hardeberga Sandstone and 

neither in the overlying 

Diplocraterion Sandstone. 
Crimes and 

Anderson 1985 

Canada 

(Avalonia) 

Based on ichnofauna, early 

Cambrian (Tommotian). 

 

 

Crimes and Jiang 1986 

 

 

South China (Gondwana) 

Precambrian-Cambrian 

boundary candidate. Based on 

small shelly fossils and trace 

fossils. 

 

Daily 1972 

 

Australia (Gondwana) 

Lower half of the Lower 

Cambrian, Tommotian Stage. 

 

 

Fedonki 1977 

 

 

Poland (Baltica) 

Stratigraphically below the 

lowest trilobites (Holmia 

states), Tommotian stage 

(Lower Cambrian). 

 

Fritz and Crimes 1985 

 

Canada (Laurentia) 

Below the top of the 

Fallotaspis Biozone and above 

the Precambrian-Cambrian 

boundrary, Lower Cambrian. 
 

Goldring and Jensen 1996 

 

Mongolia (Mongolia) 

Precambrian-Cambrian 

boundary interval, no trilobite 

found. 

 

 

Högström et al. 2013 

 

 

 

Norway (Baltica) 

Appeareance of T. pedum and 

Gyrolithes mark the beginning 

of the Cambrian at the base of 

the Breidvika Formation. 
 

 

Jensen et al. 2002 

 

 

 

Western USA (Laurentia) 

Precambrian – Cambrian 

boundary constrained by fossils 

in the Lower Member of the 

Wood Canyon Formation where 

Rusophycus is found. 
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Table A1 (continued) Age assignment of the pre-trilobitic occurrences by the original articles 

Article Location Age assignment in the article 

MacNaughton and Narbonne 

1999 

 

NW, Canada (Laurentia) 

Subtrilobite Cambrian, based 

on ichnofossils. 

 

 

McIlroy and Brasier 2017 

 

 

Norway (Baltica) 

Lower Cambrian, Terreneuvian, 

biostratigraphy of acritarchs, 

trilobites and trace fossils. 

Nagovitsin et al. 2015 Russia (Siberia) Terreneuvian/Fortunian 

 

Smith et al. 2016 

 

Mongolia (Mongolia) 

Precambrian – Cambrian 

transition. 

 

Shahkarami et al. 2017 

 

Iran (Gondwana) 

Based on small shelly fossils, 

ichnofossils and δ13C 

chemostratigraphy. 

 

 

Weber et al. 2013 

 

 

Kazakhstan, (Kazakhstan) 

Based on small shelly fossils 

and ichnofossils:  basal 

Cambrian, Terreneuvian or 

uppermost Fortunian to Stage 2 

 

Weber and Zhu 2003 

 

South China (Gondwana) 

Early Cambrian (Meishucunian 

Stage), based on small shelly 

fossils. 
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