























GARCIA-BELLIDO ET AL.—ISOXYS FROM THE BURGESS SHALE REVISITED 707

Fig. 5. Bivalved arthropod Isoxys acutangulus (Walcott, 1908), Burgess Shale Formation, middle Cambrian, near Field, British Columbia, Canada (see Fig.
1), general morphology. A. ROM 57902A, headshield in dorsal view without soft parts, note the different angle of the contact between the pleural folds and
the cardinal spines, which allows for the position of the stalked eyes. B. ROM 57907A, B; B, part of unique specimen from WS locality, with eyes, telson
and telson flaps; B,, counterpart; B, line drawing of specimen. C. ROM 57904A; C,, specimen showing paired midgut glands and telson flaps; C,, line
drawing of specimen. All dorsoventrally compressed specimens and photographed under polarized light; B,, in water. Midgut glands in gray tone.

characterized by a uniform design (Fig. 6). The endopod is
slender, slightly curved and displays no particular features or
podomere boundaries. In laterally compressed specimens, it
is generally concealed under the exopod (Fig. 2C). Exopods
are large, paddle-like and fringed with numerous long setae
along their external margins. The size of exopods gradually
decreases towards the posterior end of the animal but their
overall shape remains unchanged. The exopods are longer
than endopods and protrude beyond the ventral margin of the
headshield, especially in its posterior half (Fig. 2A, D). The
last 4 pairs of appendages have a more oblique position and
seem to be lacking long setae. Their paddle-like exopods
form, together with the telson flaps, a symmetrical fan-like
structure (Fig. 5B, C). In dorsoventrally preserved speci-
mens, exopods are flexed back on each side of the body (Fig.
5B,, C)) and overlap each other slightly. The detailed mor-
phology of the basal part of the biramous appendages could
not be observed.

The gut of Isoxys acutangulus is thin, cylindrical and runs
from the head section to the ventral part of the telson where the
anus opens (Fig. 4B). How the gut leads to the mouth opening
via, e.g., the esophagus, remains unclear. In numerous speci-
mens (Figs. 2As—Ay, B, 4, 5C), the gut is underlined by lobate
to subrectangular, typically 3-dimensional, features preserved
in calcium phosphate (apatite). Each of the first 8 segments
that bear biramous appendages is provided with one pair of
such features that have been convincingly interpreted as serial

digestive glands (Butterfield 2002, Vannier and Chen 2002).
The glands reach their maximum size in the middle part of the
gut. One specimen (Fig. 2A) displays a series of remarkably
preserved glands. All are directed upwards and some of them
clearly bifurcate into two lobes. So far, no internal features
(e.g., tubules, caeca) could be observed, making the relation of
the glands with the gut lumen unclear. One specimen (Fig. 4B)
shows a diffuse dark area near the anus opening that may re-
sult from the squeezing out of fecal material.

Discussion.—Isoxys acutangulus differs from all congeneric
species by the relatively short cardinal spines of its head-
shield (see Vannier and Chen 2000) and does not show any
lineated or reticulated micro-ornament as seen, for example,
in Isoxys auritus and I. curvirostratus. Isoxys acutangulus is
so far the species that displays the best preserved soft-bodied
features (e.g., visual and digestive organs, full series of ap-
pendages). The eyes of Isoxys acutangulus are almost identi-
cal to those of 1. curvirostratus (Vannier and Chen 2000: fig.
4), I. auritus (e.g., Chen et al. 2002: pl. 11: 3; Hu 2005: pl. 5:
2), Isoxys sp. (Vannier et al. 2009: fig. 2k, 1), all from the
lower Cambrian Maotianshan Shale, as well as . communis
and Isoxys glaessneri from the lower Cambrian Emu Bay
Shale (Garcia-Bellido et al. 2009: pl. 1: 10, 11, pl. 3: 7, 10).
The position of the large forward-facing eyes of Isoxys acu-
tangulus suggests that panoramic vision or light reception
was important for this arthropod. Spherical eyes with a com-
parable size and overall external morphology are frequent in
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Fig. 6. Reconstruction of the bivalved arthropod Isoxys acutangulus (Walcott, 1908), swimming in the water column. Note that the position of the mouth
and the attachments of the appendages to the body are conjectural. Not to scale.

Recent crustaceans (e.g., krill, Fig. 8; compare with Fig. 5B,
C). However, the lack of information concerning the vi-
sual/optical properties of the eyes does not allow inferring
how effectively they may have perceived images and how
they could have estimated distances.

A single specimen of Isoxys from the lower Cambrian of
China (Hu 2005; Hu et al. 2007; Vannier et al. 2009) has a
prominent frontal appendage that resembles that of /. acutan-
gulus. However, its outline is straight and its inner margin,
instead of being coarsely serrated as in I. acutangulus, bears
a series of tiny spines. This small-sized specimen is likely to
belong to the juvenile stage of possibly /. auritus (Vannier et
al. 2009). One specimen of 1. volucris from the lower Cam-
brian of north Greenland has also been described as having a
pair of uniramous frontal appendages, yet these bear a pair of
long, thin spines per podomere, when preserved (Stein et al.
2008: figs. 1, 2).

The series of 13 biramous trunk appendages bearing large
flap-like setose exopods seems to be a recurrent feature now
recognized in both lower and middle Cambrian Isoxys spe-
cies. However, some differences may occur in the pattern
and density of these marginal setae. For example, Isoxys sp.
from the lower Cambrian of China (Vannier et al. 2009) has
well-defined, stiff, radiating primary setae along the margins
of its exopods that may not have exact counterparts in Isoxys
acutangulus. A comparable serial pattern of digestive glands
is recognized in I. acutangulus, 1. curvirostratus, and Isoxys
sp. from the Maotianshan Shale of China, and also 1. com-
munis from the Emu Bay Shale of Australia (Garcia-Bellido
et al. 2009: pl. 2: 4-6).

Stratigraphic and geographic range.—Kicking Horse Shale
Member to Emerald Lake Oncolite Member, Burgess Shale
Formation and Waputik Member, Stephen Formation, Stage
5, Series 3, Cambrian (Fig. 1B); Fossil Ridge, Mount Stephen
and Stanley Glacier, British Columbia, Canada (Fig. 1A).

Isoxys longissimus Simonetta and Delle Cave, 1975

Fig. 7.

1975 Isoxys longissimus sp. nov.; Simonetta and Delle Cave 1975: 6-7,
pl. 5:7,pl. 54: 3 A, B.

1991 Isoxys longissimus Simonetta and Delle Cave, 1975; Delle Cave
and Simonetta 1991: fig. 20G.

Type material: Simonetta and Delle Cave (1975: 6) designated USNM
189170 as the holotype of Isoxys longissimus. This specimen (Fig. 7A)
is represented by its part and counterpart and comes most probably from
Walcott’s “35k” locality, which corresponds to the Phyllopod Bed on
Fossil Ridge (Fig. 1).

Material —One laterally compressed specimen showing re-
mains of soft-bodied features (ROM 57908; Fig. 7E), and
four headshields (ROM 57909, 57910, 57911, 57919; Figs.
7B-D, F), also laterally compressed. ROM 57910, 57911
were recovered from the Raymond Quarry Shale Member
(Fig. 1B), at layer +10.4 m and from the “Tuzoia layer”,
about 3 m below the top of this member, respectively. ROM
57908 and ROM 57909 are both from the same horizon
within the Emerald Lake Oncolite Member, more precisely
the bed known as the “Upper Ehmaniella layer” of the Col-
lins Quarry (UE; Fig. 1B). The three localities where Isoxys
longissimus was collected lie adjacent to the contact between
the Burgess Shale Formation and the escarpment of the Ca-
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Fig. 7. Bivalved arthropod Isoxys longissimus Simonetta and Delle Cave 1975. Burgess Shale Formation, middle Cambrian, near Field, British Columbia,
Canada (see Fig. 1), general morphology. A. USNM 18170, holotype. B. ROM 57910A. C. ROM 57911A. D. ROM 57909A. E. ROM 57908A, B; E,, part
of slightly oblique specimen with soft-body preservation, including large eye, telson and some possible exopods; E,, counterpart; Es, line drawing of speci-
men. F. ROM 57919A. All laterally compressed specimens. A, low angle light from top left; B-F, polarized light.
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Fig. 8. Recent crustacean Euphausia superba Dana, 1852 (krill) from Gerlache Strait, Antarctica. A. Left lateral view. B. Dorsal view. C. Detail of stalked

eyes after removing head shield. All light micrographs.

thedral Limestone Formation, on the west slope of Fossil
Ridge, between Wapta Mountain and Mt. Field, in Yoho Na-
tional Park (Fig. 1B; locs. 1b, 1c, le).

Emended diagnosis.—Headshield with elongated, hemie-
lliptical lateral outline tapering posteriorly and extremely
long cardinal spines; anterior one ca. 0.75L.1 with thick basal
part almost parallel to dorsal margin extending into a much
thinner distal section directed slightly upwards; posterior one
at least as long as L1, straight or slightly curved downwards.
Angle between anterior spine axis and anterior margins be-
tween 75° and 90°; angle between posterior spine axis and
posterior margin between 30° and 45°. L1:H ca. 3. Anterior
part of dorsal margin slightly convex. Spherical eyes present,
protruding beyond the anteroventral margin of the head-
shield. Homonomous series of more than 10 trunk append-
ages. Telson protruding beyond the posteroventral margin of
headshield.

Description.—Isoxys longissimus has extremely long cardi-
nal spines and an unusually high L1:H ratio approaching 3.
L2 reaches 105 mm in the holotype (Simonetta and Delle
Cave 1975: 6; Fig. 7A), and ranges from 40 to 60.5 mm in the
ROM specimens. The posterior spine of the holotype is more
than three times the length of the anterior spine, and exceeds
L1. A close inspection of the specimens shows that the tips of
the cardinal spines are often buried under the matrix (e.g., an-
terior spine of holotype), making their measurement difficult
without careful preparation. Although always very high (ca.
3), the L1:H shows significant variations due to the effect of
the orientation of the specimens to bedding and to the fre-
quent wrinkling and folding of the headshields. Hmax lies at
0.5L (amplete outline, Fig. 7B) or slightly anterior to it
(preplete outline, Fig. 7C, D). Each cardinal spine has a rela-
tively strong basal part that extends into a long foil-like pro-
jection. The anterior spine is slightly curved upwards, the
posterior one straight or tilted slightly downwards. The dor-
sal margin is convex with maximum convexity in the anterior
half of headshield (Fig. 7B, C). The angle between the ante-
rior spine axis and the anterior margin is between 75° and
90°, that between the posterior spine and the dorsoventral
margin between 30° and 45°. No micro-ornament is visible
on the external surface of the headshield. The soft anatomy

of Isoxys longissimus is known from a single specimen (Fig.
7E). A rounded feature in front of the headshield and under
the anterior spine is interpreted as an eye. The succeeding
(possibly 10 to 15) segments bear a series of appendages but
no details of their fine structure is revealed. The posterior-
most appendages are shorter and stick out of the shield. The
body ends into a small pointed telson-like feature. Ill-defined
black areas may suggest the presence of digestive features
such as midgut glands.

Discussion.—Isoxys longissimus is unique among Isoxys by
its extremely long cardinal spines and elongated shape. Com-
parable exoskeletal features occur in I. paradoxus from the
lower Cambrian Chengjiang biota, which has unusually long
spines (Hou et al. 2004) although shorter and stouter than
those of 1. longissimus. Isoxys curvirostratus also from the
lower Cambrian of China (Vannier and Chen 2000) has a
slightly recurved anterior spine that recalls that of Isoxys

Fig. 9. Spiny shields in Recent crustaceans. A. Gnathophausia zoea Wille-
moes-Suhm 1873 (Malacostraca, Lophogastrida). B. Porcellanid larva (Deca-
poda). A from http://en.wikipedia.org/wiki/Crustacean; B from www.zoo-
plankton-online.net/gallery.html (courtesy of W.S. Johnson, Goucher Col-
lege); both used with permission of the copyright holders.
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longissimus. Resemblances with Isoxys volucris from the
lower Cambrian Buen Formation of Greenland (Williams et
al. 1996) should be also noted. The dorsal outline of the
headshield of I. volucris forms a small cusp-like projection
behind the basal part of the anterior cardinal spine. This fea-
ture also occurs in some specimens of Isoxys longissimus
(e.g., Fig. 7C). The two species are armed with the same type
of slender, probably very fragile spines that occur in no other
congeneric species.

Examples of long cardinal spines are known in Recent
pelagic crustaceans such as Gnathophausia (Lophogastrida;
Fig. 9A), the planktotrophic larvae of some malacostracans
(Fig. 9B), and halocypridid ostracods (Vannier and Chen
2000). Their exoskeletons show a remarkable development
of shield spines that are indeed very similar to the cardinal
spines of Isoxys longissimus (compare Figs. 7 and 9). This
example of exoskeletal convergence between Cambrian and
Recent marine arthropods is probably the expression of com-
parable morphological adaptations to the pelagic lifestyle
(Vannier and Chen 2000; Vannier et al. 2009).

Stratigraphic and geographic range.—Raymond Quarry
Shale Member to Emerald Lake Oncolite Member, Burgess
Shale Formation, Stage 5, Series 3, Cambrian (Fig. 1B); Fos-
sil Ridge, British Columbia, Canada (Fig. 1A).

Conclusions

The specimens from the Burgess Shale bring new essential
information that leads to a better understanding of the anat-
omy and lifestyle of Isoxys. The previous tentative recon-
structions of the animal were based on a limited amount of
evidence from incomplete specimens (Vannier and Chen
2000) and major uncertainties remained concerning the head
appendages. The frontal appendages of Isoxys were known
to occur in a single, probably juvenile specimen from the
lower Cambrian of China (Hu 2005; Hu et al. 2007), which
shows major differences from those of Isoxys acutangulus
(Vannier et al. 2009). The presence of frontal, prehensile ap-
pendages and spherical eyes indicates that Isoxys was a vi-
sual predator of possibly small prey living in the water col-
umn or near the water-sediment interface. The paddle-like
design of its multiple exopods, in addition to its tail fan, dem-
onstrates the swimming and steering capabilities of Isoxys.
Isoxys acutangulus from the Burgess Shale displays a series
of midgut glands interpreted as digestive organs that are con-
sistent with predation and intermittent feeding (Butterfield
2002; Vannier and Chen 2002). Isoxys appears to be one of
the rare animals of the Burgess Shale fauna clearly adapted to
living off-bottom, although its exact habitat and dynamics
within the water column need to be clarified (Vannier et al.
2009). The frontal appendage of Isoxys shows some similari-
ties to the “great appendage” of numerous Cambrian arthro-
pods such as Leanchoilia, Alalcomenaeus, Yohoia, and Jian-
fengia. However, the possible relationship of Isoxys with this
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group of arthropods requires support from detailed phylo-
genetic analyses. Two “great appendage” arthropods from
the lower Cambrian of China, namely Occacaris and For-
fexicaris, have a headshield comparable with that of Isoxys
—i.e., with large lateral folds covering most of the animal’s
body. The three of them are likely to have been non-benthic
predators and may belong to the same clade within the “great
appendage” arthropod group.
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