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Specimens of Rusophycus isp. and Cruziana isp. preserved on a slab collected from talus of the late Middle
Ordovician Lotbiniére Formation exposed at Montmorency Falls, northeast of Quebec City, are figured and de-
scribed. Post-Ordovician benthic trilobites, in marine scenarios the presumed producers of such ichnotaxa, were
restricted to generally shallow-water ecological niches. Older trilobite taxa inhabited a wide spectrum of environ-
ments, as also reflected in the occurrence of these ichnotaxa in the Lotbiniére Formation. Occurrence of these
ichnotaxa in the Lotbini¢re Formation, an undoubted basinal microflysch sequence, suggests that caution should
be exercised, when occurring in isolation, with respect to the palacoenvironmental significance of these ichnotaxa,
particularly in strata of Cambrian and Ordovician age. A non-random and, instead, an interpreted rheotactic orien-
tation of Rusophycus suggests the existence of bottom currents during production of the traces.

Des spécimens de I’ichnoespéce Rusophycus et Cruziana conservés sur une plaquette recueillie d’un talus de
la Formation de I’Ordovicien moyen tardif de Lotbiniére découverte aux chutes Montmorency, au nord-est de
Québec, sont représentés et décrits. On limitait les trilobites benthiques ultérieurs a I’Ordovicien, présumés producteurs
de ces ichnotaxons dans les scénarios marins, & des niches écologiques généralement en eau peu profonde. Les
taxons de trilobites plus anciens habitaient un vaste éventail d’environnements, comme 1’a également révélé la
présence de ces ichnotaxons dans la Formation de Lotbiniére. Leur présence dans cette Formation, qui constitue
indubitablement une séquence de microflysch sédimentaire, laisse supposer qu’il faudrait se montrer prudent,
quand elles apparaissent de fagon isolée, vis-a-vis de I’importance paléoenvironnementale de ces ichnotaxons,
particuli¢rement dans les strates de la période du Cambrien et de I’Ordovicien. L’orientation ordonnée et interprétée
comme plutdt rhéotatique du Rusophycus permet de supposer I’existence de courants de fond pendant la produc-

103

Department of Geology, University of New Brunswick, Fredericton, New Brunswick E3B 5A3,Canada

tion des traces.

INTRODUCTION

Trace fossils have proven to be powerful tools in a vari-
ety of sedimentological, palaeontological and palaecoen-
vironmental studies of different aspects (Ekdale ef al., 1984).
Regrettably, however, many palaeontologists continue to con-
sider certain individual ichnotaxa as indicative of specific
palacoenvironments. For example, in post-Early Cambrian
strata (see Crimes and Anderson, 1985), the ichnogenus
Paleodictyon Meneghini in Murchison, 1850 is still almost
universally regarded as a definitive indicator of deep-marine
basinal palaeoenvironments, yet it has recently been recorded
from shelf (Paczesna, 1985; Stanley and Pickerill, 1993a; Pek
et al., 1994), marginal marine (Archer and Maples, 1984) and
even nonmarine (Pickerill, 1990) environments. The
ichnogenera Rusophycus Hall, 1852 and Cruziana d’Orbigny,
1842, the subjects of this contribution, are no exception to this
generalization. Traditionally, in marine situations these
ichnotaxa have invariably been documented from, and reported
as indicators of, shallow nearshore and shelf deposits and, in-
deed, in Palacozoic strata they are generally still considered
as specific representatives of the shallow-water marine
Cruziana ichnofacies of Seilacher (1967). This short paper
demonstrates that, as with Paleodictyon, there are generally
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[Traduit par la rédaction]

exceptions to the rule and that caution should be exercised in
the utilization of discrete ichnotaxa as definitive
palacoenviromental indicators.

The purpose of this contribution is, therefore, to docu-
ment an apparently palacoenvironmentally anomalous occur-
rence of the ichnogenera Cruziana and Rusophycus, namely
from deep-water marine strata of the Lotbini¢re Formation
(Ordovician) of Quebec, eastern Canada. Although previous
recordings of deep-water Rusophycus and Cruziana have been
made (Pickerill et al., 1988) these were based on generally
poorly preserved and isolated specimens. Perhaps more im-
portant, however, is the fact that most subsequent authors have
ignored or are unaware of such isolated recordings and there-
fore still utilize these ichnotaxa as definitive
palaeoenvironmental indicators. The material described herein
is more abundant than previously described deep-water ex-
amples and its palaecoenvironmental occurrence is unequivo-
cal.

L OCATION AND GEOLOGIC BACKGROUND
Specimens of Rusophycus and Cruziana reported herein

are preserved on the sole of a thin, (5 mm or less), parallel
laminated siltstone slab collected from locally derived talus of
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the Lotbiniére Formation at Montmorency Falls, located ap-
proximately 10 km northeast of the city of Québec along the
north shore of the St. Lawrence River, eastern Canada (Fig.
1). The Lotbiniére Formation, originally defined by Clark and
Globensky (1975), comprises a sequence of graptolitic, mica-
ceous silty shales (>90%) with regularly developed and gen-
erally undisturbed (non-bioturbated) siltstone laminae, and rare
(<10%) and thin (generally less than 2 cm) fine-grained sand-
stone interbeds (Belt et al., 1979). At Montmorency Falls,
more than 200 m of the formation are exposed (see Belt ef al.,
1979, fig. 3; Riva and Pickerill, 1987, fig. 5) and graptolites
preserved in the sequence are indicative of the Climacograptus
spiniferus Zone (late Middle Ordovician). Belt et al. (1979)
have discussed the depositional environment of the Lotbiniére
Formation in detail, concluding that it represents a distal
microflysch deposited in deep basinal conditions that existed
between or beyond coeval submarine fan systems. The present
author agrees with this interpretation, though of course abso-
lute depth per se is impossible to realistically assess.

SYSTEMATIC ICHNOLOGY

Material

The collected slab, approximately 25 x 20 cm (Fig. 2A),
contains a minimum of 25 examples of Rusophycus and 5 of
Cruziana. Segments of additional specimens also occur, but
because of overlap, poor preservation or truncation at the edge
of the slab, are not confidently identifiable. The slab is housed
in the Division of Natural Sciences, New Brunswick Museum,
Saint John, New Brunswick with repository number NBMG
9946.

Description

Because of the generally poor preservation of the mate-
rial, ichnospecific assignment is unwarranted and, therefore,
the two ichnotaxa are briefly described at the ichnogeneric
rank only. More recent diagnoses of the ichnogenera and their
nomenclatural history are given in Fillion and Pickerill (1990)
and Keighley and Pickerill (1995).

Ichnogenus Rusophycus Hall, 1852
(Fig. 2)

Specimens of Rusophycus, preserved in presumed con-
vex hyporelief, comprise relatively shallowly impressed and
variably preserved bilobed structures that range in size from a
maximum of 30 mm (length) by 20 mm (width) to 16 mm by 9
mm. Lobes are parallel or merge slightly posteriorly; they pos-
sess variably developed but generally poorly preserved and
delicate unifid scratch markings that are transverse or are
slightly directed antero-laterally. In better preserved examples
the scratch markings generally extend to the lateral margins
of the specimens. The lateral margins themselves are relatively
sharp and steep. Median furrows are variably preserved but
appear to be generally undisturbed. Coxal, exopodal, spinal,
cephalic and pygidial markings are absent.

Ichnogenus Cruziana d’Orbigny, 1842
(Fig. 2)

Specimens of Cruziana are very poorly preserved, but each
comprises a generally bilobed and elongate, shallowly im-
pressed repichnion preserved, like Rusophycus, in presumed
convex hyporelief. Specimens range in size from a maximum
of 53 mm (length) by 14 mm (width) to a minimum of 34 mm
by 13 mm. Lobes and median furrows are poorly developed,;
their lobate configuration is best developed at the generally
sharp and steep external margins where, in addition, faint,
transversly oriented, unifid scratch markings are typically
present. Median structures are not preserved.

Remarks

Despite the generally poor preservation of this material,
in part presumably a result of intense compaction, it can be
confidently assigned to the ichnogenera Rusophycus and
Cruziana. Like in most recent articles, in this contribution the
distinction between Cruziana, representing the repichnia (lo-
comotory activity), and Rusophycus as the cubichnia (resting
activity) of arthropods, in marine environments presumably
trilobites (Seilacher, 1970, 1985), is retained (contra Seilacher,
1970). While recognizing that on rare occasions the distinc-
tion between the two is problematical, in most situations they
are easily distinguishable. Additionally, of course, and per-
haps more importantly, each represents a fundamentally dif-
ferent behavioural pattern, an important consideration with
respect to nomenclatural taxonomic procedures (Bromley,
1990). All specimens of Rusophycus as identified herein pos-
sess a shape factor (length:width ratio - see Crimes, 1970) of
between 1.1 (minimum) and 2.0 (maximum), with a mean of
1.6, consistent with the limits of the ichnotaxon as recently
discussed by Keighley and Pickerill (1996). The few (5) ex-
amples of Cruziana each exhibit a shape factor of >2.0 (maxi-
mum 3.7, mean 2.9), reflecting forward movement of the pro-
ducing organisms. Although the two ichnogenera exhibit mark-
edly different shape factors, it is notable that there is no obvi-
ous separation with respect to their respective widths, possi-
bly suggesting that both were produced by a single population
of conspecific arthropods (cf. Brandt, 1995).

As easily discerned in Figure 2A, with the exception of
two specimens, 23 examples of Rusophycus exhibit a preferred
orientation with respect to their median long axes. Indeed,
measurements of these long axes indicate that they diverge by
only 38°, with the majority (65%) being aligned within 10° or
so of each other. It is tempting to equate this obviously pre-
ferred orientation, and indeed is interpreted herein, as result-
ing from rheotrophism (rheotaxis) (cf. Crimes et al., 1977). If
this is the case, then it would suggest that these examples of
Rusophycus were formed at the sediment-water interface in
response to a bottom-current perhaps as a function of feeding,
respiration, protection, or some other biological consideration.
Irrespective of the underlying reason(s) for the preferred align-
ment, such an orientation does suggest formation of the struc-
tures surficially. This is important with respect to the ongoing
debate on the production of both Rusophycus and Cruziana
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Fig. 1. Simplified geology of the Quebec City area and detailed location of Montmorency Falls and trace-fossil location (asterisked)

of material described herein.

as either surficial (cf. Baldwin, 1977) or infaunal (cf. Goldring,
1985) in origin. Clearly, at least in this case, a surficial origin
can be inferred for the production of the structures described
herein and, therefore, despite the convincing arguments of an
infaunal origin presented by Goldring (1985) on the forma-
tion of such ichnotaxa, the origin of such structures should
remain equivocal and each occurrence should be assessed in-
dividually. Of interest are the two examples of Rusophycus
that do not show the obvious preferred orientation exhibited
by the remainder (open-arrowed in Fig. 2A). These two ex-
amples are less deeply impressed and clearly pre-date the
aligned specimens, as indicated by cross-cutting relationships,
suggesting earlier formation and an orientation not necessar-
ily in response to any prevailing bottom-current.

DISCUSSION

Undoubtedly, as previously noted, the vast majority of
Rusophycus and Cruziana documented from marine strata are
from shallow-shelf sequences. Indeed, characteristically, these
two arthropod-produced (in marine environments most likely
trilobites - see Osgood, 1970; Seilacher, 1970, 1985)

ichnogenera are integral components and specific indicators
of the shallow-marine Cruziana ichnofacies of Seilacher
(1967). Yet in ichnological studies it is becoming increasingly
recognized that caution must be exercised in the utilization of
discrete ichnotaxa as reliable and unequivocal
palacoenvironmental indicators. For example, Bottjer ef al.
(1988) and Bottjer and Droser (1994) have provided convinc-
ing evidence of the progressive movement to offshore and
deeper-water environments of the ichnotaxon Zoophycos
Massalongo, 1855 following the Palaeozoic; Crimes and
Crossley (1991) and Crimes et al. (1992) have suggested that
Paleodictyon ‘evolved’ in Early Cambrian shallow-water
niches and then ‘retreated’ to deeper-water habitats; Stanley
and Pickerill (1993b) have noted that all documented
Palacozoic examples of Fustiglyphus Vialov, 1971 are from
nearshore or shelf sequences, while those of Mesozoic and
Cenozoic age are from deep-water flysch successions, and Han
and Pickerill (1994) observed that pre-Carboniferous occur-
rences of Protovirgularia M’Coy, 1850 were from deecp-wa-
ter sequences whereas post-Carboniferous examples were from
nearshore and shelf environments. Detailed studies on selected
and stratigraphically long-ranging ichnogenera such as these
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Fig. 2. (A) Slab preserving Rusophycus isp. and Cruziana isp. (labeled c) as described herein from the Ordovician Lotbiniére
Formation of Quebec, NBMG 9946. Lower solid arrow represents orientation of Figure 2B and upper solid arrow of Figure 2C. The
two open arrows indicate examples of Rusophycus not showing a preferred orientation (see text for details); x0.73. (B, C) Enlarge-
ments of Rusophycus indicated by solid arrowed areas as shown in (A); (B) is area indicated by lower solid arrow and (C) of upper
solid arrow; note that in both examples cross-cutting relationships indicate an earlier formation for both specimens; x1.5. Note
poorly preserved scratch markings on each specimen.
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are important in that they do illustrate that the
palaecoenvironmental preferences of the producers of certain
individual ichnotaxa, and for various reasons, may well have
changed over time. Undoubtedly, therefore, if one ignores the
obviously facies-independent, stratigraphically long-ranging
and commonly recorded ichnotaxa such as Chondrites von
Sternberg, 1833, or the variety of short-lived specialized forms
such as those recently reviewed by Crimes (1994), or those
trace fossils, commonly monoichnospecific, recorded from iso-
lated occurrences (see Pemberton and Frey, 1982; Norman
and Pickerill, 1995), then it is important to document appar-
ently anomalous recordings of additional ichnotaxa in order
to assess possible evolutionary trends in palacoenvironmental
occurrence.

That the palaeoenvironment of the Lotbiniére Formation
is deep-water basinal marine is uncontestable. The sequence
at Montmorency Falls, regarded as a reference section for the
formation (Riva and Pickerill, 1987), has been discussed in
detail by Belt et al. (1979) who regarded it a basinal
microflysch deposited as a result of the downwarping or col-
lapse of the outer margins of the Laurentian Platform caused
by the approach of the Taconic allochthons from the south-
east. The Lotbiniére Formation itself was derived from ero-
sion of the Taconic masses that were finally emplaced at the
end of Middle Ordovician time when prodeltaic sediments
gradually filled the then shallowing basin that had formed
northwest of the newly-emplaced Taconic Mountains (Riva
and Pickerill, 1987, and references therein). Thus, there is little
doubt that the examples of Cruziana and, particularly,
Rusophycus, recorded herein occur in deep-water strata.

What then of the possible significance of the recordings
documented herein? Regrettably, there are too few reports of
deep-water marine Cruziana and Rusophycus to advance any
potential palacoenvironmental trends in their distribution over
time. To this author’s knowledge, one or both ichnotaxa have
only commonly been recorded in deecp-water strata from the
Cambrian of Nova Scotia (Pickerill, 1992; Pickerill and
Waldron, 1992 - Rusophycus) and the Ordovician of New
Brunswick (Pickerill et al., 1988 - Cruziana and Rusophycus).
Importantly, however, all such recordings are from strata of
Cambrian or Ordovician age; no significant post-Ordovician
occurrences have, to date, been documented. Despite the lack
of additional recordings in deep-water strata of Cambrian-
Ordovician age, it is notable that in the Late Ordovician, trilo-
bites, the presumed progenitors, became less abundant, both
in terms of species and individuals, and it was a time of major
restructuring of shelf and basinal invertebrate communities
(Boucot, 1983). In contrast to Cambrian-Ordovician trilobites,
adapted to a wide spectrum of environments, Silurian and
younger representatives of all trilobite families were restricted
to generally shallow-water ecological niches (see Thomas and
Lane, 1984; Robison and Kaesler, 1987). If one assumes that
trilobites were the producers of marine Cruziana and
Rusophycus, then it is therefore hardly surprising that rela-
tively few deep-water post-Ordovician examples have been
recorded (e.g., Han and Pickerill, 1994) and that in post-Or-
dovician to Triassic strata these ichnotaxa can generally still
be regarded as useful shallow-water palacoenvironmental in-
dicators. Nevertheless, as reflected in the known

palacoecological distribution of earlier trilobites and indeed
evidence of their behavioural activity, as for example docu-
mented herein, caution must be exercised in their utilization
as palacoenvironmental indicators in strata of Cambrian and
Ordovician age. Undoubtedly, even in rocks of this age the
majority of examples are present in shallow-marine sequences.
Yet exceptions do occur and predictably additional deep-wa-
ter recordings of these ichnotaxa will be made in strata of this
age, paralleling what is known of trilobite palaeoecology in
general.

A CKNOWLEDGEMENTS

I wish to thank Dr. W.H. Forbes, formerly of the Depart-
ment of Geology, University of Maine at Presque Isle, who on
his retirement donated the material described herein that he
originally collected in 1976. Technical support was provided
by A. Gémez, R. McCulloch and D. Campbell, and R.F. Miller
provided the appropriate repository number for the Saint John
Museum collections. Drs. L.A. Buatois, D. Fillion and G.L.
Williams provided constructive reviews of an initial version
of this manuscript. Financial support was provided by an
N.S.E.R.C. operating grant which is gratefully acknowledged.

ARcHER, A.W. and MarLes, C.G. 1984. Trace-fossil distribution
across a marine-to-nonmarine gradient in the Pennsylvanian
of southwestern Indiana. Journal of Paleontology, 58, pp.
448-466.

BaLpwin, C.T. 1977. Internal structures of trilobite trace fossils
indicative of an open surface furrow origin. Palaecogeography,
Palaecoclimatology, Palacoecology, 21, pp. 273-284.

BeLt, E.S., Riva, J.,, and Bussikres, L. 1979. Revision and corre-
lation of late Middle Ordovician stratigraphy northeast of
Quebec City. Canadian Journal of Earth Sciences, 16, pp.
1467-1483.

BotTiEr, D.J. and Droser, M.L. 1994. The history of Phanero-
zoic bioturbation. In The Palaeobiology of Trace Fossils.
Edited by S K. Donovan. John Wiley and Sons Limited, Chichester,
pp. 155-176.

Bortier, D.J., Droser, M.L., and JaBrLonski, D. 1988.
Palacoenvironmental trends in the history of trace fossils.
Nature, 333, pp. 352-355.

Boucor, A.J. 1983. Does evolution take place in an ecological
vacuum? II. Journal of Paleontology, 57, pp. 1-30.

Branpt, D.S. 1995. Multiple Rusophycus (trilobite ichnofossil)
assemblages and trilobite behavior. Geological Society of
America, North-Central Section, South-Central Section, Abstracts
with Programs, p. 41.

BroMLEY, R.G. 1990. Trace Fossils: Biology and Taphonomy. Unwin
Hyman, London, 280 p.

Crark, T.H. and GrLoBensky, Y. 1975. Grondines area. Quebec
Department of Natural Resources, Geological Report 148,
159 p.

Crimes, T.P. 1970. Trilobite tracks and other trace fossils from
the Upper Cambrian of North Wales. Geological Journal, 7,
pp. 47-68.

—— 1994. The period of early evolutionary failure and the dawn
of evolutinary success: the record of biotic changes across
the Precambrian-Cambrian boundary. In The Palacobiology
of Trace Fossils. Edited by S.K. Donovan. John Wiley and
Sons Limited, Chichester, pp. 105-133.

CriMmes, T.P. and ANDErsoN, M.M. 1985. Trace fossils from Late



108 PiCcKERILL

Precambrian-Early Cambrian of southeastern Newfoundland
(Canada): temporal and environmental implications. Jour-
nal of Paleontology, 59, pp. 310-343.

CriMEs, T.P. and CrossLEy, J.D. 1991. A diverse ichnofauna from
Silurian flysch of the Aberystwyth Grits Formation, Wales.
Geological Journal, 26, pp. 27-64.

Crimes, T.P., LeGg, I., MARcos, A., and ARBOLEYA, M. 1977. 7Late
Precambrian-low Lower Cambrian trace fossils from Spain.
In Trace fossils 2. Edited by T.P. Crimes and J.C. Harper.
Geological Journal, Special Issue 9, Seel House Press, Liverpool,
pp- 91-138.

CriMEs, T.P., Garcia HipaLco, J.F., and Poirg, D.G. 1992. Trace
fossils from Arenig flysch sediments of Eire and their bear-
ing on the early colonization of the deep seas. Ichnos, 2, pp.
61-77.

ExpALE, A A, BROMLEY, R.G., and PEMBERTON, S.G. 1984. Ichnology.
The use of trace fossils in sedimentology and stratigraphy.
Society of Economic Paleontologists and Mineralogists, Short
Course 15, 317 p.

FiLuion, D. and PickeriLt, R.K. 1990. Ichnology of the Upper
Cambrian? to Lower Ordovician Bell Island and Wabana
groups of eastern Newfoundland, Canada. Palacontographica
Canadiana, 7, 119 p.

GoLbrING, R. 1985. The formation of the trace fossil Cruziana.
Geological Magazine, 122, pp. 65-72.

HaLt, J. 1852. Palacontology of New York. Volume II. Contain-
ing descriptions of the organic remains of the Lower Middle
Division of the New York System (equivalent in part to the
Middle Silurian rocks of Europe). C. van Benthuysen, Al-
bany, 362 p.

Han, Y. and PickeriLe, R.K. 1994. Palichnology of the Lower
Devonian Wapske Formation, Perth-Andover-Mount Carleton
region, northwestern New Brunswick, eastern Canada. At-
lantic Geology, 30, pp. 217-245.

KEeIGHLEY, D.G. and PickeriLL, R.K. 1996 (in press). Small Cruziana,
Rusophycus, and related ichnotaxa from eastern Canada: the
nomenclatural debate and systematic ichnology. Ichnos, S.

MassaLoNGo, A. 1855. Zoophycos, novum genus plantorum fossilium.
Antonelli, Verona, 52 p.

M’Coyv, F. 1850. On some genera and species of Silurian Ra-
diata in the collection of the University of Cambridge. An-
nals and Magazine of Natural History (Series 2), 6, pp. 270-
290.

MurcHison, R.I. 1850. Memoria sulla struttura geologica delle
Alpi, delle Apennini e dei Carpazi. Stamperia granucale,
Firenze, 528 p.

Norman, Y.J.-C. and PickeriLL, R.K. 1995 (in press). Lobichnus
variabalis Kemper 1968 from the Devonian of Maine, northeastern
U.S.A. Ichnos, 4.

ORrBIGNY, A.d’. 1842. Voyage dans I’Amérique mériodionale - le
Brésil, la république orientale de 1’Uruguay, la république
Argentine, la Patagonie, la république du Chili, la république
de Bolivia, la république du Pérou - exécuté pendant les
années 1826-1833. Volume 3, Part 4. Pitois-Levrault, Paris,

, 188 p.

Oscoop, R.G., Jr. 1970. Trace fossils of the Cincinnati area.
Palacontographica Americana, 6, pp. 277-444.

Paczesna, J. 198S. Ichnorodzaj Paleodictyon Meneghini z dolnego

kambru Zbilutki (Goéry Swietokrzyskie). Kwartalnik Geologiczny,
29, pp. 589-596.

Pek, 1., GABA, Z., and MikuLAs, R. 1994. Ichnofossil Paleodictyon
(Glenodictyum) praedictum from Stity (Upper Cretaceous,
Moravia, Czech Republic). V&stnik Ceského geologického
ustaviu, 69, pp. 47-49.

PemBerTON, S.G. and FrRey, R.W. 1982. Trace fossil nomencla-
ture and the Planolites-Palaeophycus dilemma. Journal of
Paleontology, 56, pp. 843-881.

PickeriLL, RK. 1990. Nonmarine Paleodictyon from the Car-
boniferous Albert Formation of southern New Brunswick.
Atlantic Geology, 26, pp. 156-159.

—— 1992. Aspects of the ichnology of the Cambrian-Early Or-
dovician Meguma Group. Geological Association of Canada/
Mineralogical Association of Canada, Abstracts, 17, pp. A90-
A91.

PickeriLL, R K. and WaLbpron, J.W.F. 1992. Significance of trace
fossils from the Tancook Member of the Goldenville For-
mation; Meguma Group, Mahone Bay area, Nova Scotia.
Atlantic Geology, 28, p. 207.

PickeriLe, RK., Fyrre, L.R., and ForBes, W.H. 1988. Late Or-
dovician-Early Silurian trace fossils from the Matapedia Group,
Tobique River, western New Brunswick, Canada. II. Addi-
tional discoveries with descriptions and comments. Atlan-
tic Geology, 24, pp. 139-148.

Riva,J. and PickeriLL, R.K. 1987. The late mid-Ordovician transgressive
sequence and the Montmorency Fault at the Montmorency
Falls, Quebec. In Northeastern Section of the Geological
Society of America, Centennial Field Guide Volume S. Ed-
ited by D.C. Roy, pp. 357-362.

RosisoN, R.A. and KaesLer, R.L. 1987. Phylum Arthropoda. In
Fossil Invertebrates. Edited by R.S. Boardman, A.-H. Cheetham
and A.J. Rowell. Blackwell, Palo Alto, pp. 205-269.

SEILACHER, A. 1967. Bathymetry of trace fossils. Marine Geol-
ogy, S, pp. 413-428.

——1970. Cruziana stratigraphy of “non-fossiliferous” Palaeozoic
sandstones. In Trace fossils. Edited by T.P. Crimes and J.C.
Harper. Geological Journal, Special Issue 3, pp. 447-476.

—— 198S. Trilobite palacobiology and substrate relationships.
Transactions of the Royal Society of Edinburgh. Earth Sci-
ences, 76, pp. 231-237.

StanLey, D.C.A. and PickerirL, R.K. 1993a. Shallow marine
Paleodictyon from the Late Ordovician Georgian Bay For-
mation of southern Ontario. Atlantic Geology, 29, pp. 115-
119.

——1993b. Fustiglyphus annulatus from the Ordovician of Ontario,
Canada, with a systematic review of the ichnogenera Fustiglyphus
Vialov 1971 and Rhabdoglyphus Vassoievich 1951. Ichnos,
3, pp- 57-67.

THomas, A.T. and LaNg, P.D. 1984. Autecology of Silurian trilo-
bites. In Autecology of Silurian organisms. Edited by M.G.
Bassett and J.D. Lawson. Special Papers in Palaeontology,
32, pp. 55-69.

ViaLov, O.S. 1971. Rare Mesozoic problematica from the Pamir
and Caucasus. Paleontologikheskiy Sbornik, 7, pp. 85-93.

Von STerNBERG, K. M. 1833. Versuch einer geognostich - botanischen
Darstellung der Flora der Vorwelt, 5, 6. Johann Spurny, Prague,
80 p.

Editorial Responsibility: G.L. Williams



