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AND BIOSTRATIGRAPHIC SIGNIFICANCE
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ABSTRACT

The type specimen of Bathyurus perplexus Billings is a pygidium (GSC 632) from faulted limestone exposed in East Arm,
Bonne Bay, Gros Morne National Park (Gros Morne – NTS 12H/12). Some workers have regarded it as a junior subjective
synonym of B. extans (Hall); others have compared it to Acidiphorus pseudobathyurus Ross. The discovery of additional scle­
rites (cranidia, librigenae, thoracic segments, pygidia) confirms its distinctness. Bathyurus perplexus is widespread in west­
ern Newfoundland; it has a restricted stratigraphic range and is the nominate species of the Bathyurus perplexus Biozone. It
occurs in dolostones or dolomitic lime mudstones of the uppermost Aguathuna Formation (St. George Group) at Table Point
(Bellburns – NTS 12I/06 and 12I/05); in Back Arm, Port au Choix (Port Saunders – NTS 12I/11); Big Spring Inlet (St. Julien’s
– NTS 02M/04); and on the Radar Tower Road, Table Mountain (Stephenville – NTS 12B/10). It also occurs in the immedi­
ately overlying Spring Inlet Member of the basal Table Point Formation (Table Head Group) in the Phillips Brook Anticline
(Harrys River – NTS 12B/09); and at Table Point (Bellburns – NTS 12I/06 and 12I/05). Bathyurus perplexus is associated
with conodont Assemblage VII of Stait and Barnes, which indicates a correlation with the Anomalorthis (brachiopod) Biozone
of the Whiterockian, Kanoshian Stage, i.e., early Middle Ordovician, Darriwilian. Typically, it is associated with shallow­
water (littoral) Midcontinent Province conodonts and leperditicopid ostracodes (Bivia), an assemblage characteristic of the
long­ranging, low­diversity, nearshore Bathyurus Biofacies.

INTRODUCTION

The type specimen of Bathyurus perplexus Billings,

1865 is a pygidium (GSC 632) from faulted limestone

exposed in East Arm, Bonne Bay, Gros Morne National Park

(Gros Morne – NTS 12H/12). Because of the historic lack of

other sclerites, some workers (Walcott, 1886; Raymond,

1913; Ludvigsen, 1978a; and Tremblay and Westrop, 1991,

page 809) have regarded it as a junior subjective synonym

of B. extans (Hall, 1847); others have compared it to

Acidiphorus pseudobathyurus Ross, 1967 (Knight and

James, 1987, 1988; Ross and James, 1987; Williams et al.,
1987). The discovery of additional sclerites (cranidia, libri­

genae, thoracic segments, pygidia) confirms its distinctness.

Some material collected by Stouge and Boyce from Table

Point (TP) and Back Arm (BA), respectively (see Figure 1),

was loaned to Hofmann and Bolton (1998), who were the

first to illustrate the cranidium, librigena and other pygidia;

these they designated as hypotypes. Because Bathyurus per­
plexus is widespread in western Newfoundland, the author

felt it was time to describe the material in a unified study.

DISTRIBUTION

Klappa et al. (1980), Stouge (1984), Knight and James

(1987, 1988), Ross and James (1987), Stenzel et al. (1990)

and Stait and Barnes (1991) have detailed lithostratigraphic

accounts of the upper St. George Group and the Table Head

Group. In this report, the study localities are shown in

Figure 1, and detailed information in Appendix 1.

EA – EAST ARM, BONNE BAY, GROS MORNE

NATIONAL PARK (NTS 12H/12 – GROS MORNE)

The type specimen of Bathyurus perplexus Billings,

1865 is a pygidium (GSC 632) from faulted limestone

exposed in East Arm, Bonne Bay.

Lower Cambrian Divisions A (605 ft) and B (483 ft) of

Logan et al. (1863) were measured “on the flank of a range

of hills of Laurentian gneiss, 2,000 or 3,000 feet in height”,

between “one and two miles inland from the northeast side

of the East Arm of Bonne Bay”. From Bed 1 of Division B

(“Light grey yellow­weathering limestone, in beds of from

one to three inches thick, interstratified with blackish­blue

slightly calcareous slate”), Richardson in Logan et al. (1863,

page 866) reported “the pygidium of a species so closely

resembling B. extans of the Birdseye and Black River for­

mation”, i.e., Middle Ordovician (Blackriveran age), “that it

can scarcely be distinguished from it, and may possibly be

the same”. The pygidium was named Bathyurus perplexus
by Billings (1865, page 364; Figure 350), probably because
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Figure 1. Regional geological map of western Newfoundland showing the major geologic terranes and Bathyurus perplexus

localities (dots) from south to north: TM – Table Mountain, PBA – Phillips Brook Anticline, EA – East Arm of Bonne Bay,

TP – Table Point, BA – Back Arm, Port au Choix, and BSI – Big Spring Inlet, Hare Bay. Map based on Knight (2007).
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of its apparent puzzling occurrence with “Paradoxides
(Olenellus) Vermontana” (Richardson in Logan et al., 1863,

page 866), i.e., Mesonacis vermontanus, a Cambrian

(Dyeran) trilobite species. Some of the material must have

been from talus; assuming the Cambrian trilobite identifica­

tions were correct, the present author suspects that the B.
perplexus material tumbled down from a higher level. Thus,

for a hundred and eleven years, B. perplexus was known

only from the pygidium, which was re­illustrated by

Hofmann and Bolton (1998, page 80; Plate 1, figure 8; Plate

2, figures 6, 10).

For many years, western Newfoundland has been an

important target for Pb–Zn exploration (Cumming, 1968;

Collins, 1971, 1972; Collins and Smith, 1972, 1975; Lane,

1990); the Daniel’s Harbour Mine was a consequence of this

interest. Given its restricted occurrence (see below), B. per­
plexus is an excellent regional stratigraphic marker.

TP – TABLE POINT (NTS 12I/06 AND

12I/05 – BELLBURNS)

The first comprehensive collection of B. perplexus scle­

rites (cranidia, librigenae, thoracic segments, additional

pygidia), was made by Svend Stouge (see Stouge, 1980,

page 9). He obtained “a restricted fauna of gastropods

(Hormotoma sp.) and leperditiid ostracodes” (Stouge, 1980,

page 24; 1984, page 97) and trilobite specimens (Bathyurus
sp.) from Unit A1 – the basal bed of the Table Point

Formation (Stouge, 1984, page 97). The trilobites subse­

quently were identified in 1976 as B. perplexus.

In 1983, a thorax and pygidium of B. perplexus were

retrieved from the uppermost bed of the Aguathuna

Formation (see Plate 10C–D, Appendix 1).

Fortey (personal communication, 1984 in Ross and

James (1987, page 72) identified Acidiphorus cf. A. pseudo­
bathyurus Ross from collection 80­RJ­25. According to

Ross and James (1987, Appendix 3, page 94) the collection

(UTM 5579380N, 4619190E) was obtained 1 m below the

base of the Table Point Formation’s Spring Inlet Member in

dolomitic laminite of the uppermost Aguathuna Formation

and contained ‟cf. Acidiphorus? pseudobathyurus Ross”

and two undetermined ostracode species.

BA – BACK ARM, PORT AU CHOIX

(NTS 12I/11 – PORT SAUNDERS)

The second comprehensive collection of B. perplexus
Billings, 1865 was made from the uppermost bed of the

Aguathuna Formation, exposed in the Port au Choix dump,

0.6 km north of the community (Boyce, 1983, page 13;

Knight, 1983, page 7; 1991, pages 64, 130; Stait, 1989, page

86; Lane 1990, page 38). The section was previously inves­

tigated by Stouge (1980), who reported ostracodes from fos­

siliferous micrite, dolomitic micrite, calcareous dolostone,

and laminated dolostone in the lower 5 m of his Back Arm

East Section VII (Stouge, 1980, page 34); he also obtained

Leptochirognathus prima Branson and Mehl, 1943 (Stouge,

1980, page 248) and Trigonodus rectus n. sp. (Stouge, 1980,

page 194). The Back Arm section was also studied by Stait

(1989) and Stait and Barnes (1991).

BSI – BIG SPRING INLET, HARE BAY

(NTS 02M/04 – ST. JULIEN’S)

The Spring Inlet Member of the Table Point Formation

was proposed by Ross and James (1987, page 72) for a

10–40­m­thick succession of limestone, dolomitic limestone

and dolomite with distinctive sedimentary textures indicat­

ing peritidal environments. According to Ross and James

(1987, page 73), the Spring Inlet Member “is 40 m thick at

its type locality east of Hare Bay along the western shore of

Big Spring Inlet, directly west of Chevaliers Point (long.

55°51’W, lat. 51°13’N; St. Julien's quadrangle UTM grid:

Zone 21, 5773960N, 580595E). They indicated that the

fauna comprised “a low diversity assemblage of leperditiid

ostracodes and high spired gastropods” (Ross and James,

1987, page 73).

Ross and James (1987, Appendix 3, page 93) identified

Acidiphorus? cf. A.? pseudobathyurus Ross in collection N­

RJ­4 from the uppermost Aguathuna Formation, 3 m below

the base of mud­cracked laminate of the Spring Inlet

Member on the western shore across from Chevaliers Point

Section (5773960N, 580595E). Williams et al. (1987, page

466) identified Acidiphorus pseudobathyrus Ross, whereas

Knight and James (1987, page 1942) reported Acidiphorus
sp. cf. A. pseudobathyurus Ross and Bathyurus perplexus
Billings.

Bathyurus perplexus was collected in 1987 (Boyce et
al., 1988, page 82) from Knight’s Section K­1987­058 (see
Plate 9, Appendix 1), on the north shore of Big Spring Inlet,

west of the tickle (5774975N, 580600E). This presumably is

the same monospecific trilobite locality reported by Ross

and James (1987, pages 72, 93), one containing a trilobite

“thorax of nine segments is still attached to pygidium” and

detached cranidia, similar to that reported later by Boyce et
al. (1988).

TM – TABLE MOUNTAIN (NTS 12B/10

– STEPHENVILLE)

In July, 1996 (as part of National Geographic Grant

6110­98 field work with Drs. D.M. Rohr and E.A.

Measures, Sul Ross State University, Alpine, Texas), a small
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amount of B. perplexus material was collected from the

Aguathuna Formation along the Radar Tower Road Section,

east of the Port au Port Peninsula (see Plate 10, Appendix 1).

PBA – PHILLIPS BROOK ANTICLINE (NTS 12B/09 –

HARRYS RIVER)

The most recent collections of B. perplexus were made

in 1999. Bathyurus perplexus, Bivia bivia and an indetermi­

nate articulate brachiopod were obtained from a roadside

exposure of the 9.3­m­thick Spring Inlet Member along the

Phillips Brook Anticline, northeast of Stephenville (Knight

and Boyce, 2000, page 208; – see Plate 11A–C, Appendix

1). 

BIOSTRATIGRAPHY

TRILOBITES

The basal stage of the Whiterockian Series of Ross and

Ethington (1991) – the Rangerian (Ross et al., 1997, page

21) – comprises the Paralenorthis‒Orthidiella (brachiopod)

Zone (=Zone L of Ross, 1951=Orthis subalata Zone of

Hintze, 1953). The overlying Kanoshian Stage (Ross et al.,
1997, page 21) comprises the Anomalorthis (brachiopod)

Zone (Zones M and N of Hintze, 1953) and Lichenaria‒
Oepikina Zone (Zone O).

Bathyurus perplexus Billings, 1865 is the nominate

species of the Bathyurus perplexus Biozone (Boyce, 1996,

1997; see Figure 2). It has a restricted range, from the upper­

most Aguathuna Formation (St. George Group) to the imme­

diately overlying Spring Inlet Member of the basal Table

Point Formation (Table Head Group) – see Appendix 1.

Boyce in Williams et al. (1987, page 466) erroneously

regarded the B. perplexus­bearing beds to be indicative of

the Ross (1951, 1970) – Hintze (1953) early Whiterockian

Orthidiella Biozone (Zone L), i.e., the Rangerian Stage of

Ross and Ethington (1991), correlative with the global

Dapingian Stage. However, later information shows that

conodont Assemblage VII of Stait and Barnes (1991) is

Darriwilian rather than Dapingian (e.g., Johnston and
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Figure 2. Lithostratigraphy and trilobite and conodont biostratigraphy of the uppermost St. George Group and the Table
Head Group within the Table Point Ecological Reserve (after Rohr et al., 2004, 2008, 2019; Boyce and Knight, 2009; Stouge
et al., 2017). The left side of the chart is based on Bauer (2010, page 3, figure 2). NA=North America. UK=United Kingdom.
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Barnes, 1999, page 31, Figure 6; Stouge, 2012), which is not

older than Kanoshian. Consequently, B. perplexus is also

Kanoshian (see below).

Pseudomera barrandei Billings, 1865 characterizes the

immediately overlying Pseudomera barandei Biozone. It is

also present in the Kanoshian Anomalorthis Zone (Ross and

Ethington, 1991, page 160, Table 1), and Kanoshian­correl­

ative strata in Nevada and Oklahoma (Whittington, 1953;

Shaw, 1974).

CONODONTS

Conodont Assemblage VII of Stait and Barnes (1991,

page 130, Figure 5; page 132, Table 1; see Figure 2) charac­

terizes the uppermost 15 m of the Aguathuna Formation and

the basal Table Point Formation; it comprises the following

taxa: Neomultioistodus angulatus Bauer, 2010 (formerly

“?Multioistodus auritas” (Harris and Harris, 1965) sensu
Ethington and Clark, 1981 in Stait and Barnes, 1991,

Drepanoistodus angulensis (Harris, 1962), Erismodus
asymmetricus (Branson and Mehl, 1933), Leptochiro­
gnathus quadratus Branson and Mehl, 1943, Multioistodus
subdentatus Cullison, 1938, Paraprioniodus costatus
(Mound, 1965), Protopanderodus strigatus Barnes and

Poplawski, 1973, and Apteracontiodus sinuosus (Mound,

1965) (=Scandodus sinuosus Mound in Stait and Barnes,

1991).

Stouge (1980, page 34) earlier obtained Leptochiro­
gnathus prima Branson and Mehl, 1943 (Stouge, 1980, page

248) and Trigonodus rectus (Stouge, 1984) in Stouge (1984,

page 194) from the same interval.

Stait and Barnes (1991, page 131, Table 1) correlated

Assemblage VII with the upper Kanosh Formation and the

overlying Lehman Formation of Utah, i.e., the Kanoshian

Stage of Ross et al. (1997, page 21), which comprises the

Anomalorthis (brachiopod) Biozone (Zones M and N of

Hintze, 1953).

The Parapriondus neocostatus Biozone occurs in the

upper Anomalorthis subbiozone of the Kanoshian Stage

(Bauer, 2010), i.e., Zone N of Hintze, 1953.

BIOFACIES SIGNIFICANCE

The Bathyurus (nearshore) Biofacies originally was

recognized by Walker (1972) in New York State, and subse­

quently documented by Ludvigsen (1978a, b, 1979) from

other areas. Boyce et al. (2000, page 117, Figure 4) present­

ed and demonstrated the temporal distribution of the infor­

mal Lower to lower Middle Ordovician ‘bathyurid biofa­

cies’ in western Newfoundland, which occupied slightly

deeper water inshore depositional environments. Typically,

Bathyurus is the only trilobite present; leperditicopid ostra­

codes commonly form the other faunal component. In west­

ern Newfoundland, Bathyurus perplexus Billings, 1865

commonly occurs with possible Bivia bivia (White, 1874) –

see Appendix 1, Plates 6E, F; Plate 8E, F; Plate 11D–F, a

widespread species studied by White (1874, 1877);

Copeland (1974); Berdan (1976); Pitman (1991). According

to Berdan (1981, 1984) and Pitman (1991), leperditiids (lep­

erditicopids) like Bivia bivia are good indicators of very

shallow­water conditions.

Conodont Assemblage is VII of Midcontinent Province

affinity, and generally is of shallow, warm­water deposition­

al environs. (see Barnes and Fåhraeus, 1975, page 136,

Figure 1; Stouge, 1984, Figure 23).

CONCLUSIONS

Bathyurus perplexus is a significant and precise bios­

tratigraphic marker, both in a regional and interregional

scale. The Bathyurus perplexus Biozone occupies the nar­

row stratigraphic interval between the uppermost Aguathuna

Formation (St. George Group) and the Spring Inlet Member,

i.e., the lowermost strata of the Table Point Formation

(Table Head Group), probably correlating with the mid

Whiterockian, i.e., Darriwilian (Dw2, mid Middle

Ordovician; see Figure 2). The B. perplexus Biozone corre­

sponds to conodont Assemblage VII of Stait and Barnes

(1991) and is followed by the Uromystrum validum Biozone

of the Table Head Group (Figure 2). The occurrence of B.
perplexus and conodont Assemblage VII below, and imme­

diately above, the St. George–Table Head boundary indi­

cates a conformable contact at the Table Point and Spring

Inlet sections. The genus is the defining paleoenvironmental

marker for the long­lived nearshore Bathyurus Biofacies.

SYSTEMATIC PALEONTOLOGY

Uncoated specimens were photographed in the

Paleontology Lab at The Rooms Natural History Annex, St.

John’s. The smaller specimens were photographed using a

10.0 MP OMAX A35100U digital microscope camera

(http://omaxmicroscope.com/a35100u­omax­10­0mp­usb­

digital­camera­for­microscope­with­0­01mm­calibration­

slide­windows­mac­linux.html). The larger specimens were

photographed using the author’s personal Canon or

Panasonic bridge cameras. Multiple images were taken of

each specimen at varying distances; these images subse­

quently were stitched together using Alan Hadley’s freeware

vertical image stacking program CombineZP for Windows.

The material is housed at The Rooms Natural History Annex,

Provincial Museum Division, The Rooms Corporation of

Newfoundland and Labrador, prefixed by ‘NFM F­‘.
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Note: In this study, an ‘original cast’ is the original fossil

specimen positively preserved in the rock. A ‘latex cast’ is a

replica made from the original fossil impression (negative or

mold) in the rock.

Phylum ARTHROPODA Siebold and Stannius, 1845

Class TRILOBITA Walch, 1771

Order PROETIDA Fortey and Owens, 1975

Superfamily BATHYURACEA Walcott, 1886

Family BATHURIDAE Walcott, 1886

Subfamily BATHYURINAE Walcott, 1886

Genus Bathyurus Billings, 1859

Type species. Asaphus? extans Hall, 1847, from the

Lowville Formation (Black River Group), Mohawk Valley,

New York State, USA (by monotypy).

Diagnosis from Ludvigsen (1979, page 13). “A genus of

Bathyuridae with inflated glabella that expands slightly for­

ward and two pairs of faint to firm, obliquely disposed lat­

eral glabellar furrows. Palpebral areas large. Genal spines

long and tapering with flattened borders. Hypostome

quadrate with narrow convex borders, firm border furrows,

distinct maculae, and high anterior wings. Rostral plate thin­

ly crescentic; strongly flexed (sag.) and markedly waisted

by connective sutures. Pygidium semi­circular to sub­trian­

gular with deep axial furrows, four (or rarely five) inter­

pleural furrows, and flattened borders.” 

Other species. According to Billings (1865), Ludvigsen

(1979), Ross (1967) and Tremblay and Westrop (1991),

Bathyurus also includes: B. acutus Raymond, 1913; B.
angelini Billings, 1859; B. angustus Ross, 1970; B.
esbataottinensis Ludvigsen, 1979; B. granulosus
Ludvigsen, 1979; B. mackenziensis Tremblay and Westrop,

1991; B. margareti Tremblay and Westrop, 1991; B.
nevadensis Ross, 1967; B. platyparius Ludvigsen, 1979; B.
sunbloodensis Tremblay and Westrop, 1991; B. superbus
Raymond, 1910; and B. ulu Ludvigsen, 1979.

Remarks. Swisher et al. (2015) treated Raymondites as a

subgenus of Bathyurus and assigned to Bathyurus
(Raymondites) the following taxa: Acidaspis spiniger Hall,

1847; Bathyurus (Raymondites) bandifer Sinclair, 1944; B.
(R.) cf. B. (R.) ingalli (Raymond, 1913) of Swisher et al.
(2015, page 131; Figures 11.1–11.4 and 13.1–13.6); B. (R.)
clochensis Swisher, Westrop and Amati, 2015; B. (R.) mis­
souriensis Swisher, Westrop and Amati, 2015; Bathyurus
ingalli Raymond, 1913; B. longispinus Walcott, 1876; and

B. trispinosus Wilson, 1947. Swisher et al. (2015, page 121)

assigned the traditional Bathyurus species above to

Bathyurus sensu lato. This is not followed here because the

author regards Bathyurus and Raymondites as two separate

and distinct genera.

Bathyurus perplexus Billings, 1865

Plate 1A–F; Plate 2A–F; Plate 3A–F; Plate 4A–F;

Plate 5A–F; Plate 6A–D; Plate 7A–F; Plate 8A–D;

Plate 9A–F; Plate 10A–D; Plate 11A–C

1865 Bathyurus perplexus (n sp.) – Billings, pages 364­

365; Figure 350.

?1865 Bathyurus vetulus (n sp.) – Billings, page 365.

1886 non Bathyurus extans (Hall) – Walcott, page 20.

1913 non Bathyurus perplexus Billings – Raymond,

page 52.

?1915 Bathyurus ? vetulus Billings – Bassler, page 107.

1978a non Bathyurus extans (Hall) – Ludvigsen, page 12.

1988 Acidiphorus pseudobathyurus Ross – Knight and

James, page 46.

1991 non Bathyurus extans (Hall) – Tremblay and

Westrop, page 809.

?1991 ?Bathyurus sp. – Tremblay and Westrop, page 814;

Figure 15.1–15.4.

1998 Bathyurus perplexus Billings – Hofmann and

Bolton, pages 78, 80, 81; Plate 1, figures 1–3, 5, 8;

Plate 2, figures 6–8, 10, 11, 15.

2013 Bathyurus perplexus Billings, 1865 – Boyce, page

72.

2014 Bathyurus perplexus Billings, 1865 – Boyce, page

93.

2019 Bathyurus perplexus Billings, 1865 – Boyce; Plate

1A–C, E.

Diagnosis. Glabella straight­sided, anteriorly gently

expanding. Prosopon consists of fine, reticulate terrace­

lines; axially it also includes fine, dense granules/pustules.

Remarks. The cranidia and librigenae of B. perplexus previ­

ously were unknown until the study of Hofmann and Bolton

(1998) who illustrated material loaned to them by the author

– two cranidia, two left librigenae, one right librigena and

three pygidia; these they designated as hypotypes (see
below). 

Stratigraphic range. Spring Inlet Member (Ross and James,

1987), basal Table Point Formation, Table Head Group

(Klappa et al., 1980; Stenzel et al., 1990).

Section K­1999­032 of Knight, Phillips Brook Anticline,

northeast of Stephenville (5397287N, 392298E, NTS

12B/09 – Harrys River) – see Figure 1, Appendix 1

1999F141

Section I of Stouge (1984), Table Point (5579250N,

461800E, NTS 12I/06 and 12I/05 – Bellburns) – see Figure

1, Appendix 1

TP3 of Stouge (1980, page 50, Figure 3.2; 1984, page 97)
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Plate 1. Bathyurus perplexus Billings, 1865, Table Point
Formation, base of Spring Inlet Member, TP3 of Stouge
(1984, page 97), Table Point. A, B) Hypotype right librige­
na, original cast (NFM F­308.1), dorsal and lateral (right)
views; C, D) Hypotype right librigena, latex cast (NFM F­
308.2), dorsal and lateral (right) views; E) Hypotype left
librigena, latex cast (NFM F­2712), dorsal view; F) Right
librigena (NFM F­2715.1), dorsal view. 
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Plate 2. Bathyurus perplexus Billings, 1865, Table Point
Formation, base of Spring Inlet Member, TP3 of Stouge (1984,
page 97), Table Point. A) Left librigena, latex cast (NFM F­
307), dorsal view; B) Right librigena, latex cast, 4 mm long
(NFM F­2724), dorsal view; C) Left librigena, original cast
(NFM F­2727), dorsal view; D) Hypotype cranidium, latex
cast (NFM F­311), dorsal view; E, F) Hypotype cranidium,
original cast (NFM F­2715.1), dorsal and anterior views.
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Plate 3. Bathyurus perplexus Billings, 1865, Table Point Formation, base of Spring Inlet Member, TP3 of Stouge (1984, page 97),
Table Point. A, B, C, D) Hypotype (partially testate) cranidium, original cast (NFM F­2719), dorsal, anterior, lateral (right), and
oblique anterior (right) views; E, F) Hypotype (testate) cranidium, original cast (NFM F­2720), dorsal and anterior views.
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Plate 4. Bathyurus perplexus Billings, 1865, Table Point Formation, base of Spring Inlet Member, TP3 of Stouge (1984, page 97),
Table Point. A, B) Hypotype (testate) cranidium, original cast (NFM F­2720), inclined lateral (left) and oblique (right) views; C,
D, E) Hypotype pygidium, original cast (NFM F­310), dorsal, posterior, and oblique (left) views; F) Hypotype pygidium, original
cast (NFM F­309.1), dorsal view.
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Plate 5. Bathyurus perplexus Billings, 1865, Table Point Formation,
base of Spring Inlet Member, TP3 of Stouge (1984, page 97), Table
Point. A, B, C) Hypotype pygidium, original cast (NFM F­2726), dor­
sal, lateral (left), and oblique (left) views; D) Fragmentary pygidium,
original cast (NFM F­2717), dorsal view; E) Fragmentary pygidium,
original cast (NFM F­2718), dorsal view; F) Incomplete pygidium,
original cast (NFM F­2728), dorsal view.
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Plate 6. Bathyurus perplexus Billings, 1865, Table Point Formation, base of Spring Inlet Member, TP3 of Stouge (1984, page 97),
Table Point. A, B, C, D) Hypotype (partially testate) pygidium, original cast (NFM F­2730), dorsal, posterior, lateral (right), and
oblique (right) view; E, F) Ostracode Bivia bivia (White, 1874), Table Point Formation, base of Spring Inlet Member, TP3 of
Stouge (1984, page 97), Table Point;  E) “Large” specimen, original cast (NFM F­2713), lateral view; F) “Small” specimen, orig­
inal cast (NFM F­2739), lateral view.
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Plate 7. Bathyurus perplexus Billings, 1865, uppermost Aguathuna Formation (St. George Group), ECW­097=1982F058 of Boyce,
Back Arm, Port au Choix (see Boyce, 1983, page 13; Knight, 1991, page 130). A) Cranidium, original cast (NFM F­304.1), dor­
sal view; B) Cranidium, latex cast (NFM F­304.2), dorsal view; C) Left librigena, latex cast (NFM F­305), dorsal view; D)
Thoracic segment, original cast (NFM F­2711); E) Pygidium, original cast (NFM F­2701); F) Pygidium, latex cast (NFM F­2703),
dorsal view.
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Plate 8. Bathyurus perplexus Billings, 1865, uppermost Aguathuna Formation (St. George Group), ECW­097=1982F058 of Boyce,
Back Arm, Port au Choix (see Boyce 1983, page 13; Knight, 1991, page 130). A, B, C, D) Pygidium, latex cast (NFM F­306), dor­
sal, posterior, lateral (right), and oblique (right) views; E, F) Ostracode Bivia bivia (White, 1874)?, uppermost Aguathuna
Formation (St. George Group), ECW­097=1982F058 of Boyce, Back Arm, Port au Choix (see Boyce 1983, page 13; Knight, 1991,
page 130); E) Poorly preserved original cast (NFM F­2709), lateral view. F) Poorly preserved original cast (NFM F­2710), lat­
eral view.
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Plate 9. Bathyurus perplexus Billings, 1865, Aguathuna Formation
(St. George Group), 1987F076 and 1987F077 of Boyce, Big Spring
Inlet, Hare Bay (see Boyce et al., page 82). A) Left librigena, origi­
nal cast (NFM F­2741), dorsal view; B) Right librigena, original
cast (NFM F­2750); C) Poorly preserved cranidium, latex cast
(NFM F­2743.2), dorsal view; D) Thorax, latex cast (NFM F­2746),
dorsal view; E) Incomplete thorax, latex cast (NFM F­2753), dorsal
view; F) Poorly preserved pygidium, original cast (NFM F­2752),
dorsal view.
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Plate 11. (Page 17) Bathyurus perplexus Billings, 1865, Table Point Formation, Spring Inlet Member, 1999F141, Phillips Brook
Anticline of Knight and Boyce (2000, page 208). A) Right librigena, latex cast (NFM F­2763), dorsal view; B) Small, cracked
pygidium, original cast (NFM F­2762), dorsal view; C) Larger flattened pygidium, latex cast (NFM F­2764), dorsal view; D, E,
F) Ostracode Bivia bivia (White, 1874), Table Point Formation, Spring Inlet Member, 1999F141, Phillips Brook Anticline of
Knight and Boyce (2000, page 208); D) strongly convex specimen, original cast (NFM F­2765), lateral view; E) Broken specimen,
original cast (NFM F­2766), lateral view; F) Well preserved specimen, original cast (NFM F­2767), lateral view.

Plate 10. Bathyurus perplexus Billings, 1865, Aguathuna Formation (St. George Group), 1996F005 of Boyce, Radar Tower Road,
Table Mountain. A) Pygidium, latex cast (NFM F­2760), dorsal view; B) Pygidium, original cast (NFM F­2761), dorsal view; C,
D) Bathyurus perplexus Billings, 1865, Aguathuna Formation (St. George Group), 1983F004 of Boyce, Table Point; C) Thorax,
original cast (NFM F­2768.1), dorsal view; D) Pygidium, original cast (NFM F­2768.2), dorsal view.
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Plate 11. Caption on  page 16.
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Aguathuna Formation, St. George Group (Knight and

James, 1987, 1988)

Section I of Stouge (1984), Table Point (5579250N,

461800E, NTS 12I/06 and 12I/05 – Bellburns) – see Figure

1, Appendix 1

1983F004

Section 10 of Knight (1991, page 130), Back Arm, 0.6 km

north of Port au Choix (5617800N, 475800E, NTS 12I/11 –

Port Saunders) – see Figure 1, Appendix 1

ECW­097=1982F058= K­1982­63 of Knight, 1982

Section K­1987­058 of Knight, Big Spring Inlet, north

shore, west of tickle, Hare Bay (5674975N, 580600E, NTS

02M/04 – St. Julien’s) – see Figure 1, Appendix 1

1987F077= K­1987­058­17

1987F076= K­1987­058­17 

Radar Tower Road Section, Table Mountain, east of the Port

au Port Peninsula, (5382600N, 375625E, NTS 12B/10 –

Stephenville) – see Figure 1, Appendix 1

1996F005

Holotype. Pygidium, GSC 632, from limestones exposed in

East Arm, Bonne Bay, western Newfoundland, Canada (the

original of Billings, 1865; Figure 350 – by monotypy).

Hypotypes designated by Hofmann and Bolton (1998, page
80). From 1982F058 of Boyce in Back Arm – see Appendix

1: one cranidium (NFM F­304.1 and 2); one left librigena

(NFM F­305); one pygidium (NFM F­306). From Unit A1,

sample TP3 of Stouge (1984, page 97) at Table Point – see
Appendix 1: one cranidium (NFM F­311); one left librigena

(NFM F­307); one right librigena (NFM F­308.1 and 2); two

pygidia (NFM F­309.1 and 2, NFM F­310).

Additional hypotypes designated herein. Three cranidia

(NFM F­2716, NFM F­2719, NFM F­2720); one left libri­

gena (NFM F­2712); two pygidia (NFM F­2726, NFM F­

2730), also from TP3 of Stouge (1984, page 97). One thorax

(NFM F­2768.1); one pygidium (NFM F­2768.2), from

1983F004 of Boyce – see Appendix 1.

Other figured material. One cranidium (NFN F­2743.2);

two left librigenae (NFM F­2727, NFM F­2741); four right

librigenae (NFM F­2715.1, NFM F­2724; NFM F­2750;

NFM F­2764); one thoracic segment (NFM F­2711); two

partial thoraxes (NFM F­2746, NFM F­2753); twelve

pygidia (NFM F­306, NFM F­2701, NFM F­2703; NFM F­

309.1, NFM F­2717, NFM F­2718, NFM F­2728; NFM F­

2752; NFM F­2760, NFM F­2761;NFM F­2762, NFM F­

2765).

Unfigured material. Six cranidia (NFM F­2699, NFM F­

2714, NFM F­2721, NFM F­2729, NFM F­2743.1, NFM F­

2744); one left librigena (NFM F­2747); two right librige­

nae (NFM F­2742, NFM F­2757); four thoraxes and pygidia

(NFM F­2745, NFM F­2754, NFM F­2756, NFM F­2759);

fifteen pygidia (NFM F­2698.1and 2, NFM F­2702, NFM F­

2704, NFM F­2705, NFM F­2706, NFM F­2707, NFM F­

2708, NFM F­2722, NFM F­2731, NFM F­2732, NFM F­

2748, NFM F­2749, NFM F­2751, NFM F­2752, NFM F­

2758); one unknown, poorly preserved sclerite, possibly a

hypostoma (NFM F­2755).

Description. Glabella highly convex, transversely strongly

vaulted, sagittally long, straight­sided, anteriorly gently

expanding and abruptly rounded, forward protruding – it

overhangs anterior border. Forward glabellar outline subtri­

angular. Occipital ring sagittally narrow, rectangular.

Preglabellar, occipital and axial furrows well defined, wide,

shallow. Two pairs of lateral glabellar furrows; these are

well defined, broad, shallow, oblique, elliptical and subpar­

allel; they extend adaxially and posteriorly at an angle of 55

to 60° to sagittal line – the posterior pair are more distinct,

longer, deeper. Preglabellar field not developed.

Preglabellar portion of anterior border furrow well defined,

narrow, shallow; abaxially it becomes less distinct, wider.

Anterior border transversely long, extremely narrow, weak­

ly convex, smooth – in anterior view it appears horizontal.

Preglabellar portion of anterior margin convex­forward,

abaxial portion straight to gently concave­forward. Anterior

fixigenal areas narrow, weakly convex, anteriorly steeply

downsloping. Anterior portions of facial suture strongly

divergent, gamma approximately 90°. Palpebral fixigenal

areas about three times wider than anterior fixigenal areas,

abaxially and sagittally horizontal to very gently upsloping.

Palpebral lobes large, long – exsagittal length about one­

third sagittal glabellar length, wide, crescentic, generally

poorly defined but more distinct in smaller individuals.

Palpebral furrow indistinct, narrow, shallow. Line through

centers of palpebral lobes crosses glabellar line about four­

tenths of glabellar length from posterior end of occipital

ring. Posterior fixigenal areas incompletely preserved on the

author’s specimens but from outline of librigenal sutures

appear to be short, weakly convex, posteriorly steeply

downsloping. Posterior border furrow incompletely pre­

served on author's specimens but well defined, wide, shal­

low. Prosopon consists of fine, reticulate terrace­lines; axi­

ally it also includes fine, dense granules/pustules.

Hypostoma unknown.

Librigena with genal field moderately convex. Lateral

border and lateral border furrow are of constant width

except posteriorly tapering from posterior border to tip of
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genal spine. Lateral border extremely narrow, weakly con­

vex; lateral border furrow distinct, wide, shallow. Genal

spine continuous with lateral border, short, weakly convex;

it projects from the posterolateral corner of the librigenal

field. Posterior border distinct, transversely long, weakly

convex. Posterior border furrow well defined, wide, shal­

low; it does not intersect lateral border furrow but shallows

and is deflected posteriorly just short of genal angle where

it then parallels posterior margin. Visual surface of eye

strongly curved, sub=semicircular in horizontal plane, rela­

tively narrow, outward­bulging in vertical plane, covered by

numerous extremely small lenses. Prosopon consists of fine,

reticulate terrace­lines.

Thorax comprises eight or nine segments, strongly con­

vex, transversely long, sagittally wide – all of equal length

and width. Pleural furrows well defined, wide, deep. Axial

furrows distinct, narrow, shallow.

Pygidium strongly convex, subelliptical to subtriangu­

lar, length about three­quarters maximum width at posterior

end of articulating facets. Axial lobe highly convex, cylin­

dro­conical, transversely strongly arched, posteriorly gently

tapering and abruptly rounded; it extends about nine­tenths

total pygidial length to posterior border, in profile gently

downsloping. Three to four variably defined axial rings of

even sagittal width. Axial furrows well defined, narrow,

shallow. Four pairs of pleural furrows wider, deeper; they

slope backwards posteriorly and stop at posterior border.

Posterior border well defined, narrow, flat to concave­

upward, posteriorly gently downsloping. Two or three pairs

of interpleural furrows variably developed, indistinct, nar­

row, shallow, except abaxially from posterior border furrow

where they widen, deepen and extend to posterior margin.

Posterior border furrow indistinct, narrow, shallow.

Prosopon consists of fine, reticulate terrace­lines; axially it

also includes fine, dense granules/pustules. On internal

molds a faint median carina extends from the posterior end

of the axial lobe to the posterior margin.

Remarks. Fortey in Fortey and Droser (1996, page 83)

assigned Acidiphorus pseudobathyurus Ross, 1967 to

Psephosthenaspis Whittington, 1953; the glabellar prosopon

of A. pseudobathyurus is coarsely tuberculate in comparison

to that of B. perplexus.

Walcott (1886), Raymond (1913), Ludvigsen (1978a)

and Tremblay and Westrop (1991, page 809) incorrectly

regarded Bathyurus perplexus Billings as a junior subjective

synonym of B. extans (Hall). This is because, until the col­

lections herein were obtained, B. perplexus was known only

from the holotype pygidium. However, the anteriorly

expanding glabella, the markedly shorter genal spines and

the distinctive prosopon readily distinguish this species

from B. extans. Bathyurus perplexus closely resembles: (1)

Bathyurus sunbloodensis Tremblay and Westrop, 1991 =

Bathyurus sp. cf. B. extans (Hall) of Ross (1970, page 85;

Plate 13, figure 12; Plate 15, figures 16–19), from the

Kanosh Shale of Ibex, Utah, the Antelope Valley Formation

of Nevada, and the Sunblood Formation of the Southern

Mackenzie Mountains; and (2) Bathyurus margareti
Tremblay and Westrop, 1991 = “Bathyurus” sp. of

Ludvigsen (1975, pages 677­679; Plate 1, figures 15, 16),

from the Sunblood Formation of the Southern Mackenzie

Mountains.

The prosopon of fine, reticulate terrace­lines and fine,

dense granules/pustules readily distinguishes B. perplexus
from the above two species. Of the two, B. margareti is mor­

phologically the closest to B. perplexus. This species also

has an anteriorly expanding glabella; however, the palpebral

lobes are substantially larger and more distinct and the pos­

terior pygidial border is wider. This strong resemblance sug­

gests to the author that the two species are close evolution­

ary relations.

Bathyurus vetulus Billings, 1865 was collected in East

Arm along with B. perplexus Billings, 1865. Billings did not

illustrate B. vetulus, but from his description, it may be a

junior synonym of B. perplexus; the pygidial proportions are

comparable, and the prosopon comprises fine pustules. The

type of B. vetulus appears to be lost, however. According to

Ms Michelle Coyne: “The specimen is not in the type col­

lection, neither is it listed in Tom’s (Dr. T.E. Bolton)

Catalogue nor Alice Wilson’s log books which means that a

number was not assigned. This specimen may have been

ignored and downgraded without publication” (personal

communication, October 16, 2019). She also wrote: “I’ve

found nothing so far. I will keep my eyes out but it was

never given a number in the log book and so I don’t think it

has been in the collection for over 100 years. Logbook was

started in 1920s” (personal communication, February 1,

2020).
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TABLE HEAD GROUP

TABLE POINT FORMATION

SPRING INLET MEMBER

TABLE POINT ECOLOGICAL RESERVE (5579250N,

461800E, NTS 12I/06 and 12I/05 – Bellburns)

Section I of Stouge (1984)

TP3 of Stouge (1984, page 97)

– Unit A1 of Stouge (1984, page 97), 0.00 to 0.10 m above

the base of the Table Point Formation. According to Stouge

(1984, page 97): “Micrite, grey to dark­grey, mottled weath­

ering, argillaceous. Bioclasts are trilobites (Bathyurus sp.),

orthocones, brachiopods, ostracodes, gastropods

(Hormotoma sp.)”.

Arthropoda–Ostracoda

Bivia bivia (White, 1874) – nine valves (NFM F­2723, NFM

F­2733 to NFM F­2740)

Arthropoda–Trilobita

Bathyurus perplexus Billings, 1865 – four cranidia (NFM F­

311, NFM F­2716, NFM F­2719, NFM F­2720); three left

librigenae (NFM F­307, NFM F­2712, NFM F­2727); three

right librigenae (NFM F­308.1 and 2, NFM F­2715.1 and 2,

NFM F­2724); seven pygidia (NFM F­309.1 and 2, NFM F­

310, NFM F­2717, NFM F­2718, NFM F­2726, NFM F­

2728, NFM F­2730)

Note: The material was collected by Dr. Svend Stouge in

June, 1976.

PHILLIPS BROOK ANTICLINE, NORTHEAST OF

STEPHENVILLE (5397287N, 392298E, NTS 12B/09 –

HARRYS RIVER)

Section K­1999­032 of Knight

1999F141

– Lime mudstone/wackestone. Stratigraphically above

1999F140.

Arthropoda–Ostracoda

Bivia bivia (White, 1874) – three valves (NFM F­2765 to

NFM F­2767) – erroneously attributed to “(White, 1877)”

by Knight and Boyce (2006, page 208).

Arthropoda–Trilobita

Bathyurus perplexus Billings, 1865 – one right librigena

(NFM F­2763); two pygidia (NFM F­2762, NFM F­2764)

Brachiopoda–Articulata

Gen. et sp. undet.

ST. GEORGE GROUP

AGUATHUNA FORMATION

TABLE POINT ECOLOGICAL RESERVE (5579250N,

461800E, NTS 12I/06 and 12I/05 – Bellburns)

Section I of Stouge (1984)

1983F004 of Boyce=TP2 of Stouge (1984, page 97)?

Arthropoda–Ostracoda

Bivia bivia (White, 1874)

Arthropoda–Trilobita

Bathyurus perplexus Billings, 1865 – one thorax (NFM F­

2768.1); one pygidium (NFM F­2768.2)

Note: This may be the same bed as collection 80­RJ­25 of

Ross and James (1987, page 94), in which Fortey (personal

communication, 1984 in Ross and James, 1987, page 72)

identified Acidiphorus cf. A. pseudobathyurus Ross, 1 m

below the base of the Table Point Formation.

BACK ARM, 0.6 KM NORTH OF PORT AU CHOIX

(5617800N, 475800E, NTS 12I/11 – Port Saunders)

Section 10 of Knight (1991, page 130)

ECW­097=1982F058=K­1982­63 of Knight, 1982

– Unit 4 of Knight (1991, page 130): “Argillaceous,

dolomitic lime mudstone and dolostone: dolostone in basal

50 cm only, dolostone and lime mudstone mottles, hackly to

blocky weathering, bioturbation sparse, trilobites

(Bathyurus perplexus Billings), ostracods and brachiopods,

suture­like, uneven solution pitted upper bedding surface.”

Fossils only collected from uppermost 40 cm of 90 cm­thick

unit.

Arthropoda–Ostracoda

Bivia bivia (White, 1874) – three valves (NFM F­2700,

NFM F­2709, NFM F­2710)

Arthropoda–Trilobita

Bathyurus perplexus Billings, 1865 – one cranidium (NFM

F­304.1 and 2); one left librigena (NFM F­305); one tho­

racic segment (NFM F­2711); pygidia (NFM F­306, NFM

F­2698.1 and 2, NFM F­2701, NFM F­2703).
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Brachiopoda–Articulata

Gen. et sp. undet.

BIG SPRING INLET, NORTH SHORE, WEST OF

TICKLE, HARE BAY (5674975N, 580600E, NTS

02M/04 – ST. JULIEN’S)

Section K­1987­058 of Knight

1987F077=K­1987­058­17 

Arthropoda–Trilobita

Bathyurus perplexus Billings, 1865 – one cranidium (NFM

F­2743.1 and 2); one right librigena (NFM F­2750); two

partial thoraxes (NFM F­2746, NFM F­2753); one pygidium

(NFM F­2752)

1987F076=K­1987­058­17

– Light grey weathering, thin, planar bedded, dark grey

dolostone.

Arthropoda–Trilobita

Bathyurus perplexus Billings, 1865 – one left librigena

(NFM F­2741)

TABLE MOUNTAIN, EAST OF THE PORT AU PORT

PENINSULA (5382600N, 375625E, NTS 12B/10 –

STEPHENVILLE) 

Radar Tower Road Section

1996F005=“B” collection

– Outcrop on east side of radar tower road (294 or 394 dps

= 441.00 or 591.00 metres, entry in field notebook). White

weathering, thin bedded, intraclastic, light grey dolomitic

limestone/limy dolostone.

Arthropoda–Trilobita

Bathyurus perplexus Billings, 1865 – one articulated thorax

and pygidium (NFM F­2759; two pygidia (NFM F­2760,

NFM F­2761)

Note: The locality was visited with Drs. D.M. Rohr and

E.A. Measures (Sul Ross State University, Alpine, Texas) on

July 10, 1996, supported by National Geographic Grants

6110­98 and 6550­99 to Rohr.
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