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Preface 

The world famous Burgess Shale of Yoho National Park, British Columbia, is unique 
because of its remarkable and diverse Cambrian fauna, including the primitive ancestors of 
nearly every class of arthropod as well as several other animal phyla. 

The small quarry lying high above Emerald Lake, from which C.D. Walcott obtained 
the material on which he based his studies, was reopened by the Geological Survey in 1966 
and 1967 and much additional material was obtained. The resu lts of detailed studies of this 
material by paleontologists from wi thin and o utside the Geological Survey are being 
published in our Bulletin series. 

In this report the author presents the results of a study of the bivalved arthropod 
Protocaris pretiosa Resser, 1929. On the basis of new information he has removed the 
species to a new genus, Branchiocaris. To facilitate his study Dr. Briggs also re-examined 
two other species and the results of these redescri ptions are also published. 

Research in systematic paleontology is one of the means whereby the Geological 
Survey of Canada provides data for the calibration of the geological time scale that is so 
necessary for precise chronology and correlation of the rocks that make up the geo logical 
framework of Canada. 

Ottawa, 18 November 1975 

D.J. McLaren 
Director General 
Geological Survey of Canada 
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THE ARTHROPOD BRANCHJOCARIS N. GEN., MIDDLE (:AMBRIAN, 
BURGESS SHALE, BRITISH COLUMBIA 

Abstract 
A study of new specimens o f the bivalved arthropod Protocaris 
preriosa Resser, 1929 from the Burgess Shale has added much infor
mation to the original description, and the species is removed to a 
new genus Bra11c/1iocaris. Prorocaris 111arshi Walcott, 1884 and 
Dioxycaris arge11ra (Walcott, 1886) are also redescribed to facilitate 
comparison. 

The cepha lic region of Bra11chiocaris preriosa bore a paired an
tenna anterior to a pair of stout appendages which may have been 
chelate. Suboval valves, the dorsal margin terminating anteriorly a nd 
posteriorly in a small pointed process, covered the anterior of the 
body. The trunk included about 46 divisions followed by a telson 
bearing a pair of short pointed processes. The lamellate trunk ap
pendages may have been biramous, with a short, segmented proxi
mal element. The animal probably swam near the seabed by meta
chronal movements of the lamellate appendages, which may also 
have functioned in resp iration . B. pretiosa shows closest affinities to 
the branchiopod Crustacea among extant arthropods but is con
sidered unlikely to represent a direct evolutionary predecessor of 
this group. 

The trunk of Protocaris marshi included about 65 divisions; 
the telson processes were elongate and curved. The appendages are 
unknown. The carapace of Dioxycaris arge11ta is similar in outline 
and size to that of Branchiocaris preliosa but the on ly known specimen 
is poorly preserved and lacks evidence of the soft-part morphology. 

Introduction 
Pro tocaris 111ars hi was described by Walcott ( 1884) on the 
basis of a si ngle specimen from the Lower Cambrian Parker 
Slate of Vermont. The original part and counterpart remain 
hitherto the only known material of this species; they have 
been re-examined, photographed, drawn and measured as a 
basis for a new description and reconstruction (Textfig. 1) 
presented in this report. 

To this genus Resser (1929) referred a second spec ies, 
Protocaris pretiosa from the Burgess Shale, basing his de
scription on the part and counterpart of a si ngle specimen in 
Walcott 's collection in the United States National Museum . 
Rolfe ( 1962) li sted a second spec ime n among some Burgess 

Original MS. submitted: 14 September 1975 
Approved for publication: 18 November 1975 
D.E.G. Briggs is with the Unive rs ity of Cambridge, Sedgwick Museum, 
Downing Street , Cambridge CB2 3EQ. 

Resume 
Une etude de nouveaux specimens de l'a rthropode bivalve Proto
caris pretiosa Resser 1929, trouves dans le schiste de Burgess a 
permis d 'ajouter de nouveaux elements d'information a la descrip
tion originale et de classer l'espece dans un nouveau genre Bra11c/1io
caris. Ce document presente en outre une nouvelle description de 
Protocaris 111arshi Walcott , 1884, et de Dioxycaris arge11ta (Walcott, 
1886), pour faciliter la comparaison. 

La region cephalique de Bra11c/1iocaris pretiosa portait une 
paire d'antennes devant une paire de gros appendices, qui etaient 
peut-etre des cheliceres. Les valves qui couvraient la partie ante
rieure du corps avaient une forme presque ova le, le sillon dorsal se 
terminant a !'avant comme a l'arriere en une petite excroissance 
pointue. Le thorax se composa it d'environ 46 segments anter ieurs 
d'un telson qui portait a son extrem ite une paire de courts prolonge
ments en forme de pointe. Les appendices du thorax etaient lamel
les; ii est possible qu'ils aient ete birames et pourvus de parties 
proximales courtes et segmentees . L'animal nagea it probablement 
pres du lit de lamer par des mouvements de ses appendices lamelles 
qui serva ient peut-etre aussi d'organes de respiration. B. pretiosa pre
sente les plus grandes affinites avec les crustaces phyllopodes (bran
chiopodes) de tous les arthropodes existants; cependant, ii est peu 
probable qu'il constitue un predecesseur direct de cc groupe. 

Le thorax de Protocaris 111arshi etait forme d'environ 65 seg
ments; les prolongements du telson etaient allonges et courbes. On 
ne con nait rien sur les appendices. La carapace de Dioxycaris 
arge11ta ressemble a celle de Bra11chiocaris pretiosa par so n profll et 
ses dimensions; toutefois le seul spec imen connu est ma! conserve 
et ii manque trop d'elements pour qu'on puisse definir la morpho
logie de ses parties molles. 

Shale art hropods collected by the Museum of Comparative 
Zoology expedition of l 930, the counterpart of which was 
found by a Royal Ontario Museum party in 1975 . The Geo
logical Survey of Canada expeditions of 1966 and 1967 
(Whittington, 1971 a) yie lded no further material of this 
species. The new description and reconstruction (Textfig. 2) 
a re based on the two previously recorded s pecimens, to
gether with an a dditional three that were subsequently dis
covered among Walcott 's material in the United States 
National Museum. These five spec imens have been studied, 
prepared where necessary, drawn and measured us ing tech
niques similar to those described by Whittington (197lb, 
1974). The fo ss ils are preserved orientated at var ious angles 
to the bedding planes and the morphological features lie in 
discrete layers-t he carapace, for example, is separated by a 
layer of matrix from the trunk and appendages. Recognition 
of how a spec imen is orientated (W hittington , 1971a) thus 
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permits a differentiation between right and left, dorsal and 
ventral sides . Different levels are exposed by the splitting of 
the rock and by subsequent preparation. These differences 
are expressed by a minute 'scarp' on the specimen, which 
either casts a shadow or reflects light, depending on the angle 
of illumination. As far as possible, the plates illustrate the 
evidence on which the reconstruction (Textfig. 2) is based. 
An adjacent camera lucida drawing (Textfigs. 3-7) presents 
an interpretation of a specimen where necessary. The speci
mens were rotated in relat ion to a unidirectional light source 
during the preparation of the drawings; varying the direction 
of illumination revealed different aspects of the morphology. 

New information that has come to light during this work 
has necessitated the removal of the species Protocaris pretiosa 
to a new genus, Branc/1iocaris. The family Protocarididae 
Miller, 1889 (name corrected by Rolfe, 1969) is retained, 
with a new diagnosis, to include both genera. B. pre
tiosa is one of the rarer a rthropods in the Burgess Shale 
fauna: only five specimens are known, in contrast to over 
400 of Yohoia tenuis (Whittington, 1974), and an estimated 
12 thousand of Marrello splendens (Whittington, 1971 b) in 
the United States National Museum alone. In addit ion to 
Walcott's collection, material held by the Geological Survey 
of Canada, the Royal Ontario Museum, the Peabody Mu
seum of Yale University, the Museum of Comparative Zoo
logy at Harvard and the American Museum of Natural 
History has been searched without success for further speci
mens. In 1886 Walcott described a single valve from the 
Middle Cambrian of Utah as Leperditia argenta, which 
Gurich in 1929 made the type species of a new genus, Dioxy
caris. The carapace of B. pretiosa is simi lar in outline to that 
of D. arge11ta, which is figured and redescribed here as a 
basis for comparison, but they are not synonymized, as the 
latter is based on a single poorly preserved valve, whereas 
more of the morphology of B. pretiosa is known, including 
that of the trunk and appendages. 

The morphological terms used in the descriptions are 
those of Moore and McCormick (1969) as far as possible; 
the telson is not considered to be a true somite. Sagittal 
(sag.) refers to the direction parallel to the long axis of the 
body and transverse to the direction normal to thi s. The 
symbols used in the textfigures are explained below. The U.S. 
National Museum is abbreviated to USNM, the Museum of 
Comparative Zoology to MCZ and the Royal Ontario 
Museum to ROM. 
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a 
al 
an 
ap 

b 
c 
cd 
h 
1 
m 

Explanation of symbols on textfigures 

anus 
alimentary canal 
antenna 
lamellate appendage, numbered where pos
sible apl, ap2, etc., posteriorly from the 
principal appendage (the suffix 'post' indi
cates the posterior margin) 
border of carapace 
cephalic region 
oval depression in the cephalic region 
hinge or fold of carapace 
prefix indicating left side 
mouth 

ms 
pa 
pe 

q 

s 
t 

muscle scar 
'principal' appendage 
'prox imal element' of lamellate appendage, 
numbered where possible pel, pe2, etc., to 
correspond to the attached lamella 
lateroventral ridge 
prefix indicating right side 
'striations' 
tel son 

t-1, t-2, etc. numbered trunk somites (t-1 is the somite 
immediately before the telson) 

tl tranverse lineations on the lateroventral 
ridge 

tp telson process 
v valve of carapace 
vm ventral margin of trunk 
Dashed lines indicate the anterior margins of lamellate 

appendages (Textfig. 4), which are preserved as ridges on the 
overlying lamellae. Hachures represent breaks of slope, with 
the solid line at the upper edge of the break and the hachures 
directed downslope. 'Outcrops ' of matrix within the outline 
of a specimen are stippled. 

I am grateful to H.B. Whittington, C.P. Hughes, and 
W . D.I. Rolfe for critical discussion of the manuscript and 
illustrat ions and to Professor Whittington for advice and 
encouragement throughout ; R.E. Grant and F.J. Collier of 
the U.S. National Museum pro vi ded faci lities for study of 
the Walcott collection; B. Kummel and Y. Kohler did the 
same for the material held in the Museum of Comparative 
Zoology at Harvard. The work was financed by a Research 
Fellowship held at Sidney Sussex College, University of 
Cambridge. 

Systematic Descriptions · 
Class and Order uncertain 

Family PROTOCARIDIDAE Miller, 1889 

Name corrected by Rolfe , 1969, from Protocaridae 
Protocaridae Raymond, 1935 
Protocarioidea, Protocariidae, Novozhilov, 1960 

Diagnosis. Carapace bivalved, extending posteriorly more 
than half the total sagittal length ; trunk elongate, multi
segmented, with over 40 short, wide divisions; telson 
bearing a pair of pointed processes. 

Genus Protocaris Walcott, 1884 

Procaris Woodward, 1895 
not Protacaris Jones, 1883 
not Protacaris Jones, Etheridge and Woodward, 1884 
not ProtocarisJones and Woodward, 1888 
not Prorocaris Vogdes, 1893 in part {p. 363) 
the last four = Proricaris Baily, 1870 

Type species. Protocaris 111arshi Walcott, 1884 (by original 
designation) 

Diagnosis. Carapace valves subtrapezoidal; trunk with up to 
65 divisions; telson processes elongate, curved. 

Geological horizon. Lower Cambrian, Parker Slate Forma
tion, Olenellus Zone, Vermont. 



Protocaris marshi Walcott, 1884 
Plate 1, figures 1-3; Textfigures 1, 3 

1884 Protocaris Mars/ii, Walcott , p. 330, 331, Pl. 10, fig. 1 
1886 Protocaris Mars/ii, Walcott , p. 47, 54, 147, 148, Pl. 15, fig. 1 
1889 Protocaris marshi; Miller, p. 525, 563, Fig. 1049 
1889 Protocaris Mars/ii; Vogdes, p. 2, 31 
1890 Protocaris Mars/ii; Jones, Etheridge and Woodward, p. 64 
1890 Protocaris 111arshi, Walcott, p. 569, 590, 594, 629, Pl. 81, fig. 6 
1890 Protocaris marshi; Vogdes, p. 152, 174 
1892 Protocaris Mars/iii; Whiteaves, p. 207, 208 
1892 Protocaris Mars/ii; Jones, Wilt sh ire and Woodward, p. 515 
1893 Protocaris Mars/ii; Jones, Wilt ·~hire and Woodward , p. 300 
1893 Protocaris marsh ii; Clarke, p. 799-80 I, Fig. 8 
1893 Protocaris 111arshi; Vogdes, p. 364, 404, 1101 p. 363 
1894 Protocaris Mars/ii; Bernard, p. 413, Fig. I 
1897 Protocaris 111arshii; Schuchert, p. 673-676, Pl. 58, fig. I 
1897 Protocaris 111arshi; Bernard , p. 398- 40 I, 403, Fig. I 
I 900 Protocaris marshi; Zittel, p. 641, Fig. 1336 
1902 Protocaris Mars/iii; Woodward, p. 543 
1910 Protocaris 111arshi; Grabau and Shimer, p. 332, Fig. 1651 
1922 Protocaris marshi; Ruedemann, p. 317 
1929 Protocaris Mars/ii; Gurich, p. 34, 35, Fig. I, I 
I 929 Protocaris 111arshi; Resse r, p. 12, 13, Pl. 6, figs. I, 2 
1934 Protocaris 111arshi; Straelen and Schmitz, p. 189, 210, 229, 237 
1937 Protocaris 111arshi; Schuchert, p. 1026 
1938 Protocaris marshi; Resser and Howell, p. 203, 232, Pl. 13, fig. 8; 

1101 p. 205, 232 in part , Pl. I 0, fig. 7 
I 944 Protocaris 111arshi; Shimer and Shrock, p. 655, Pl. 277, fig. 2 
1953 Protocaris 111arshi; Dechaseaux, p. 261, 262, Fig. 13 
I 954 Protocaris 111arshi; Shaw, p. I 041 
1955 Protocaris marshi; Shaw, p. 775, 777, 798 
1958 Protocaris 1110rshi; Shaw, p. 531 
1960 Protocaris 111arshi; Jux, p. 1146 
1960 Protocaris 111arshi; Novozhilov, p. 217, 218 
1960 Protocaris 111arshii; Novozhilov, p. 217, Fig. 446 
1965 Protocaris 111arsh i; Woods, p. 2 
1969 Protocaris marshi; Rolfe, p. 331 

Holotype. USNM 15400, part and counterpart, Plate 1, 
figures 1, 2, respectively, original of Walcott, 1884, Plate 10, 
figure 1. 

Other material. Unknown. USNM 90826, Plate I , figure 4, 
'plesiotype' of Resser and Howell, 1938, Plate 10, figure 7 
rejected here . 

Locality and stratigraphical horizon. Lower Cambrian, 
Lower Parker Slate, Olene//us Zone, Noah Parker quarry, 
150 feet above the base of the Parker Slate Formation 
(Shaw, 1955), on Parker Cobble, west-northwest of Georgia 
Center, Milton quadrangle, Vermont (see Shaw 1954, 1958 
for an account of the geology and stratigraphy of the 
formation). 

Preservation. The only known specimen of Protocaris marshi 
is preserved in a dark fine-grained micaceous shale. Since 
the locality from which it was collected, the Noah Parker 
quarry, " has been entirely quarried away" (Shaw, 1954) 
there is apparently no prospect of collecting additional 
materi a l from this site. Postdepositional compaction of the 
specimen has destroyed most of the original relief. The fossil 
appears to have split along the surface of the exoskeleton, 
allowing a distinction to be drawn between the 'part' 
(Pl. 1, fig. 1), which preserves the slightly convex carapace 
from beneath which the trunk extends posteriorly, and the 
'counterpart' (Pl. 1, fig. 2), in which the carapace is concave 
and has no apparent thickness. The specimen apparently was 
intact on burial but the counterpart slab is incomplete and 
lacks the anterior margin of the carapace. The asymmetry of 
the carapace valves indicates that the orientation of the 
specimen is slightly oblique (see Whittington , 197la); the 
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sagittal plane is almost normal to the bedding but tilted 
slightly to the left (in the part, Pl. 1, fig. 1). 

Description 
Cephalic region. A small semicircular feature (Pl. 1, figs. 

1, 3), which projects from beneath the anterior margin of the 
carapace in the midline, is assumed to represent part of the 
cephalic region . Unfortunately it is poorly preserved and 
included on that area of the counterpart which is unknown. 
The feature bears two small, closely spaced circular pro
minences medially but although these invite interpretation 
in association with the cephalon they are more likely to be 
inorganic in origin. The anterior of the carapace (Pl. 1, 
figs. 1, 3) has been compressed, fractured and partly ex
foliated. This accounts for the " two large nearly circular 
depressions" recorded by Schuchert (1897), who considered 
that they "may represent eyes" and listed several criteria 
based largely on a comparison with the notostracan bran
chiopod Triops to support the occurrence of eyes in thi s 
position. Only one depression is, in fact, well defined- that 
on the right valve (Pl. 1, figs. 1, 3). There is no evidence that 
eyes or any other feature of the cephalic region are repre
sented by the carapace relief in this area. 

Carapace. The bivalved carapace (Pl. 1, figs. I, 2) cover
ed the anterior of the body except for the small projection in 
the cephalic region, but where and how it was attached can
not be observed. The valves are probably preserved in a 
slightly unnatural attitude because the tissues that attached 
them to the body are partly decayed. They are considered to 
have fl anked the trunk more closely than the spec imen in
dicates and are reconstructed in thi s position (Textfig. !). The 
slight obliquity of compression has distorted the left valve, 
which has been folded beneath itself; the right valve is pre
served with an apparently complete outline (Pl. 1, figs. 1, 2). 
The concentric breaks of slope around the margin of the left 
valve may indicate the original convexity. The junction of 
the carapace valves was probably stra ight, the slight cur
vature preserved being the result of compression; inadequate 
preservation obscures its full extent both anteriorly and 
posteriorly . There is no evidence of whether the valves were 
actually hinged or the carapace simply folded. The va lves 
were approximately trapezoid in outline, tapering slightly 
anteriorly. The anterior and posterior margins were almost 
straight and diverged from the hinge or fold at angles of 
about 110° and 120°, respectively, giving the valves a blunt 
appearance and creating a more pronounced embayment of 
the carapace posteriorly than anteriorly. There is no evidence 
of a rostrum. The carapace had a narrow, smooth border, 
which is preserved only on the right valve. No features that 
can be interpreted as evidence of the underlying morphology 
are preserved on the surface. 

Trunk. The trunk is obscured anteriorly by the overlying 
carapace (Pl. 1, figs. 1, 2) from beneath which 30 somites, in 
addition to the telson, extend posteriorly. The somites are 
short (sagitally); the width, gradually increasing anteriorly 
along the trunk, exceeds length by a progressively larger 
factor. Somite length (sag.) appears to increase slightly 
anteriorly and, based on this, the number of somites in
cluded in the trunk is estimated to total more than 65. The 
length of the somites immediately preceding the telson 
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Textfi gure 1. Protocaris marshi Walcott, 1884. Reconstructions in right oblique lateral (A) and dorsal (8) views. 
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increases slightly from left to right (Pl. l, fig. 1), suggesting 
that flexing of the trunk may have been possible by tele
scoping along intersomite boundaries. There is no evidence 
that the latter were spinose but they are nevertheless pre
served in relief, possibly because overlap increased the effec
tive thickness of the cuticle. In the absence of material 
preserved in lateral aspect, the trunk is assumed for the 
purpose of reconstruction to have been subcircular in cross
section (Textfig. I). 

The specimen is compressed in a slightly oblique 
orientation, which accounts for the asymmetry of the cara
pace valves, and appendages attached laterally or ventrally 
would tend to be exposed on the right side of the trunk (Pl. I, 
fig. 1; Textfig. 3), where it emerges from beneath the cara
pace. The occurrence of appendages in thi s position is 
supported by a lack of traces of the som ite boundaries in 
this area and the apparent asymmetry of the trunk outline. 
A linear feature (Pl. 1, fig. 1 ; Textfig. 3) that extends an
teriorly from the telson a long the right side of the trunk may 
represent a line of appendage attachment. Because the 
evidence is equivocal, however, appendages are not included 
in the reconstruction (Textfig. I). The diameter of the trunk 
where it emerges from beneath the carapace is reconstructed 
(Textfig. 1) as intermediate between its apparent width at 
this point and the distance normal to the sagittal ax is 
between the left-hand margin and the linear feature discussed 
above. The apparent width of the trunk suggests a very large 
diameter in relation to the size of the carapace; the recon
struction approximates the probable diameter assuming 
ventrolaterally attached appendages. There is no trace of the 
alimentary canal. 

The most distal division of the trunk (Pl. 1, figs. 1, 2) 
is assumed to have borne the an us and is designated the 
telson. It was elongate and triangular in outline and bore a 
pair of long narrow curved processes, which diverged 
proximally, tapered to a point and converged distally. These 
processes appear to have been joined to the telson along its 
latera l margins; they may have articul ated at this point but 
preservation is inadequate to confirm thi s. The more pro
nounced curvature of the ri ght process may be due to the 
slightly oblique compression. 

Size. The sagittal length of the only known spec imen is 
43 mm, measured from the anterior margin of the carapace in 
the midline to the distal extremity of the telson processes. 
The hinge or fold of the carapace is 20 mm long, just under 
50 per cent of the total length. The undi storted right valve is 
23.4 mm in length parallel to the hinge or fold, and 14.2 mm 
in height normal to it, but the latter value obviously fails to 
allow for any original convexity. 

Discussion 
Previous descriptions. Walcott, in his original description 

(1884) of Protocaris marshi stated that it possessed a "cara
pace without evidence of a dorsa l suture." Schuchert (1897) 
published a styli zed line drawing based on a re-examination 
of the type specimen, which included traces of a medial 
feature on the carapace and an outline of the trunk beneath 
it, a lthough neither are discussed in his description. He 
considered that P. marshi had strong affinities with the 
notostracan branchiopod Triops (or Apus as it was then 
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known), so that he probably interpreted the carapace feat ure 
by analogy with the medial dorsal carina of Triops. The 
type specimen of P. marshi provides no evidence to support 
either Schuchert's outline of the trunk anterior ly, or Gurich's 
(1929) suggest ion that the transverse divisions, interpreted 
above as intersomite boundaries, m ight be the result of 
compression . It was not until 1929 that Resser observed the 
true bivalved nature of the carapace. Schuchert (1897), 
unlike Walcott, postulated the presence of eyes anteriorly on 
the carapace (see description of the cepha li c region, above) 
based on a comparison with Triops and, a lthough the 
specimen preserves no satisfactory evidence for this, the 
idea was reiterated by Bernard (1897), who regarded the 
supposed eyes "as corresponding with the paired eyes of 
Apus." 

'Plesiotype' of R esser and Howell, 1938. Resser and 
Howell (1938, p. 205, 232, Pl. 10, fig. 7) figured a specimen 
(Pl. I, fig. 4) from the Lower Cambrian Kinzers Formation of 
Pennsylvania (USNM locality 22L, 1/2 mile so uth of East 
Petersburg) which they regarded as "a pparently referable to 
the species" Protocaris marshi. The out line is superficially 
similar to that of the type specimen but is indistinct in parts 
and encloses no recognizable features. The fossil is preserved 
in fine pale grey mudstone and is smaller than P. marshi, 
having a length of 25 mm along the midline and a maximum 
width of 14 mm. It is not considered iden tifiable as an 
arthropod but may be a fragment of alga l material. 

Affinities and classification. Much of the early discussion 
of the affinities of Protocaris marshi was based on a compari
son of its morphology with that of the notostracan branchio
pod Triops (or Apus). Walcott (1886) noted "the striking re
semblance between the recent Apus a nd ancient Protocaris," 
a comparison which was a lso made by Clarke (1893), Bern
ard (1894, 1897), Schuchert ( 1897), who assigned both to a 
new subfamily Apod inae of the Apodidae, and Ruedemann 
(1922) . Vogdes (1889, 1890, 1893) and Whiteaves (1892) 
grouped it with the Phyllocarida. Resser (1929), however, 
observed that the carapace was bivalved and noted that 
although previous authors had tended to classify P. marshi 
with Triops, Walcott (1886) had in fac t or igi nally suggested 
that " it also appears to be connected with the Nebalidae 
tl)rough Hy111enocaris, Peltocaris, Ceratiocaris &c." Resser 
compli cated the discussion by referring the better preserved 
Burgess Shale species P. pretiosa to the genus Protocaris, and 
although thi s species is removed here to a new genus 
Branchiocaris, further discussion of the affinities of P. 
111arshi is included with that of Branchiocaris, so that they 
may be considered together in the light of the new informa
tion on Branchiocaris pretiosa that the present study has 
made available. 

Genus Branc!tiocaris n. gen. 

Type species. Protocaris pretiosa Resser, 1929 

Diagnosis. Carapace valves subovate, dorsal margin pro
duced anteriorly and posteriorly into a short pointed process, 
border with unevenly spaced, elongate shallow pits normal to 
the margin. Cephalic region bearing a pair of uniramous 
an tennae, anterior to a pair of large segmented appendages. 
Trunk with up to 47 divisions; appendages lamellate, wi th 
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segmented proximal element, attached the full length of the 
trunk anterior to the telson; tel son processes short, pointed, 
bladelike. 

Geological horizon. Middle Cambrian, Stephen Formation, 
Burgess Shale Section, Bathyuriscus-Elrathina Zone, British 
Columbia. 

Branchiocaris pretiosa (Resser, 1929) 
Plate 1, figures 5, 6; Plates 2-5; Plate 6, figure l; 

Textfigures 2, 4- 7 

l 929 Protocaris pretiosa, Resser, p . 6, l 3, Pl. 4, figs. I, 2 
1934 Protocaris preriosa; St raelen and Schmitz, p. 189, 210, 229, 237 
1944 Protocaris pretiosa; Shimer and Shrock, p. 655, Pl. 277, figs . 3, 4 
l 953 Protocaris speciosa; Dechaseaux, p. 262 
1962 Protocaris cf. pretiosa; Rolfe, p. 7 
l 969 Protocaris preriosa; Rolfe, p. 331 , Fig. l 54,6 

H olo type. USNM 80483, part and counterpart, Plate 2, 
figures l , 2, respectively, Plate 6, figure 1, original of Resser, 
1929, Plate 4, figures 1, 2. 

Other material. USNM 189028, part and counterpar t, Plate 
3, figu res 1- 4; USNM 189029, Plate 4, figures 1- 4 ; USNM 
l 89030, part and counterpart, Plate 5, figures 1- 3 ; MCZ 
5985, Plate 1, figures 5, 6 and counterpart , ROM 34308. 
USNM 189020, part and counterpar t, may be a poorly 
preserved isolated valve. 

Locality and stratigraphical horizon. Middle Cambrian, 
Stephen Formation , Burgess Shale Section , Pagetia bootes 
faunule of the Bathyuriscus-Elrathina Zone, situated on the 
r idge between Wapta Mountain and Mount Field, at 
approxi mately 7500 feet , three miles north of Field, southern 
British Columbia (see F ritz, I 97 l , for the stratigraphy of the 
shale). 

The USNM specimens bear the locality number 35k. 
The MCZ specimen is labelled 'Walcott Quarry'. No speci
mens were collected by the GSC ex peditions (Whittington , 
l 97 la) and no positively identified iso lated carapaces are 
kn own. All the specimens a re on small pieces of shale. The 
associated fauna is confined to Marrello splendens and un
identifiable fragments that do not serve to limit the level in 
the Phyllopod bed at which Branchiocaris pretiosa may occur. 

Preservation. The five known specimens are except ionally 
well preserved an d appear to have been intact on buria l, a l
though two are incomplete because parts of the slabs on 
which they occur were lost. The carapace is partly prese rved 
in a ll specimens. Traces of the antennae are preserved on 
three specimens, but the la rge segmented appendages borne 
beh ind them are complete on only one. Preserva tion appears 
to be essentially simila r to that of Marrello splendens (Whit
tin gto n, 1971a, b) and other subsequently described members 
of the Burgess Shale fauna. Two of the specimens are orien
tated approximately parallel (Pl. 3, figs. 1- 4 ; Pl. 5, figs. 1-3), 
with the sag itta l plane at r ight angles to the bedding and the 
valves symmetrical about the midline; one is lateral (Pl. 4, 
fi gs. 1- 4), with the sag ittal plane para llel to the bedding and 
the valves superimposed; and two are oblique (Pl. I , fig. 5; 
Pl. 2, figs. 1, 2), with intermediate or ientation, the outline of 
one valve nearly complete, the other folded beneath itself. 
The exoskeleton is preserved as a dark layer in all but one 
spec imen (MCZ 5985, Pl. 1, fig. 5), which is li ghter from 
weathering. The dark exoskeleton is reflective, some areas 
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more than others (for example the alimentary canal of 
USNM 189029, Pl. 4, fig. 2). 

Whittington (1974) has emphasized the importance of 
establishing the plane through which the fossil has split. The 
holotype (USNM 80483, Pl. 2, figs. 1, 2), USNM 189029 (Pl. 
4, fig. 1), and USNM 189030 (Pl. 5, figs . 1, 3) appear to have 
split along the surface of the exoskeleton and the 'part' 
preserves a concave carapace with a corresponding convex 
'counterpart'. Resser (1929) removed some of the carapace 
of the holotype (Pl. 2, fi g. 1) to expose the features beneath, 
and a similar technique has been used in USNM 189029 
(Pl. 4, fi gs. 1, 3) and USNM 189030 (Pl. 5, figs. 1, 2) . The 
specimen from the Raymond collection (MCZ 5985, Pl. 1, 
fig. 5) preserves the dorsal surface of the carapace but 
splitting has removed the central area, revealing the under
lying appendages. The relationship of the part and counter
part of USNM 189028 (Pl. 3, figs. 1, 2) is more complex. 
The split follows the surface of the exoskeleton anter iorly, 
and thi s criterion is used to define the part and counterpart; 
the part preserves the convex surface of the carapace, which 
has been partly prepared (Pl. 3, figs. 3, 4) to ex pose the 
appendages. The divi sion appears to traverse the specimen 
anteroposteriorly from the dorsa l to the ven tral surface, so 
tha t the counterpart (Pl. 3, fig. 2) preserves the posterior 
appendages in ventral aspect. 

Description 

Cephalic region. This region is compressed against the 
carapace of the holotype (Pl. 2, fig. 1) and was unknown to 
Resser (1929) in spite of hi s preparation of the specimen. 
The la teral specimen (USNM 189029, Pl. 4, figs. 1- 4) is 
incomplete anteriorly, and a lthough MCZ 5985 (Pl. 1, fig. 5) 
preserves traces of the antennae, the cephalic region is 
divided by a sli ght structural discontinuity. The description 
is largely based on the parallel spec imens, USNM 189028 
(Pl. 3, figs. 1- 4) and USNM 189030 (Pl. 5, figs. 1- 3). 

The anterior margin of the cephalic region is preserved 
in only one specimen (USNM 189028, counterpart, Pl. 3, 
fig. 2) and appears to have been evenly convex. The region 
bore a pair of stout antennae anterodorsally (Pl. 3, fi g. 4; 
Pl. 5, figs . 2, 3), which a re assumed for the purpose of 
reconstruction a nd in the absence of a lateral specimen, to 
have been subcircular in cross-section (Textfig. 2). The an
tennae tapered grad ually di stally and were composed of at 
least 20 segments, nine or ten of which extended beyond the 
anterior margin of the carapace. The segments became pro
gressively more elongate and slender towards the ex tremity 
of the antenna; individually they increased distal ly in cross
section , each segment inserting into the preceding one. The 
intersegmental boundaries thus form ed, which were gent ly 
curved , concave distally, are preserved as ridges, probably 
from overlap. The antennae were apparently flexible and are 
curved through an angle of up to 180°. The segments at the 
points of flexure tend to be longer on the convex than on the 
concave side, indicating that the joints may have telescoped 
to allow movement in all directions. 

The position of the boundary between the cephalon and 
the trunk is unknown but is assumed to have been posterior 
to a second large a ppendage, the ' principal ' appendage (Pl. 
3, fig. 4 ; Pl. 5, fig. 2), at tached laterally behind both the 



Textfigure 2. Branchiocaris pretiosa (Resser, 1929). Recon
structions in left oblique lateral (A) and ventral (8) views. 
Lateral view with left carapace removed. The attitude of the 
appendages is generalized . They may have moved in a meta
chronal fashion but the lack of evidence and large number of 
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Smm 

limbs make this impract ica l to reconstruct. The appendages of 
the lateral view are directed vertically downwards from the 
trunk, with the lamellae transverse to the sagittal plane and 
considerably foreshortened; those of the ventra I view are 
directed anteriorly. 
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antenna and the maximum anterior extension of the ali
mentary canal. This appendage was composed of at least 
seven segments; the most distal extended beyond the 
anterior margin of the carapace ventral of the antenna (Pl. 3, 
fig. 4). It appears to have been flexible: in parallel aspect it is 
curved gently towards the sagittal ax is of the trunk. The 
segments apparently were hinged on the outer convex 
margin; some of the boundaries are preserved as an elongate 
triangle, with the apex directed towards this side of the 
appendage, and these may represent areas of flexible cuticle 
permitting movement at the joint. The appendage tapered 
gradually to the proximal margin of the most distal segment; 
this segment is preserved only on USNM 189028, which 
shows it widening anteriorly to a point just beyond its 
midlength; there it narrowed abruptly, tapering distally into 
an elongate projection that is divided lengthwise along its 
midline by a break in slope. This invites interpretation as the 
two segments of a chela- a gently curved movable finger 
that tapers distally opposed by an elongate narrow projection 
of the distal margin of the enlarged preceding segment, the 
fixed finger, beyond which it appears to have extended 
sli ghtly. The evidence for articulation, however, is slight; 
the 'fingers' of the 'chela' are juxtaposed and it is not 
evident which part of the divided projection might have 
been mova ble. In the absence of a specimen showing the 
fingers apart, which would substantiate their interpretation 
as a chela, the principal appendage must be regarded as 
terminating in a spine. The enlarged distal segment bearing 
the elongate projection is preserved at an angle of 60° to 70° 
to that immediately behind it. It is impossible to accurately 
reconstruct the outline of the principal appendage in cross
section without a lateral specimen but it is assumed to be 
subcircular (Tex tfig. 2). 

Since the evidence for eyes in Branchiocaris pretiosa is 
equivocal they are not included in the reconstruction 
(Textfig. 2). USN M 189028 preserves a pair of large elongate 
depressions (Pl. 3, fig. 4) in the cephalic region between the 
points where the antennae were attached. These, however, 
are not highly reflecti ve, a characteristic of eyes in some of 
the arthropod genera from the Burgess Shale ( Canadaspis, 
Waptia, for example), nor are they situated at the anterior of 
the cephalic region but are concealed beneath the carapace. 
Their nature is problematical: they may be traces of a 
labrum. The alimentary canal is preserved extending forward 
beyond the attachment of the principal appendages (Pl. 3, 
fig. 4; Pl. 5, fig. 2) to a point near the base of the antennae, 
wh ich may have been the posit ion of the mouth . 

Carapace. A bivalved carapace (Pl. 2, fig. 2) covered the 
anter ior of the body, the proximal parts of the antennae and 
principal appendages and most of the trunk so mites and 
appendages, but the attachment appears to have been con
fined to the cephalic reg ion . Lateral (USN M 189029, Pl. 4, 
fig. 1) and oblique (USNM 80483, Pl. 2, fig. 1) specimens 
indicate that the valves loosely flanked the body; USNM 
80483 preserves the outline of the left valve relatively 
undistorted but the right valve is folded beneath itself. 
Removal of the left valve of the lateral specimen, USNM 
189029 (Pl. 4, fig. 3), reveals the dorsal margin of the trunk 
gradually converging anteriorly with the hinge or fold of the 
carapace. The front of this slab is unknown but 40 so mites 
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are preserved, the most anterior of which is still some 
distance ventral to the hinge or fold. The carapace appears to 
have been attached axially in front of a poi'nt near the base of 
the principal appendages. The carapace is preserved im
pressed onto the underlying cephalic region in this area on 
parallel (Pl. 3, figs. 1, 4) and oblique (Pl. 2, fig. 1) specimens. 
Posteriorly and laterally it is separated from the body by a 
layer of matrix and has broken away during the splitting of 
the slabs, or it has proved possible to prepare it off to reveal 
the features beneath. The large smooth oval area preserved 
on the left valve of USNM 189028 (Pl. 3, figs. 1, 3, 4) near 
the base of the principal appendage is interpreted as a muscle 
scar and augments the evidence that the carapace was 
attached anteriorly, while indicating so me possible move
ment of the valves about the hinge or fold. 

The valves were suboval in outline (Pl. 2, fig. 2), 
expanding sl ightly anteroventrally, and appear to have been 
almost symmetrical about a line drawn normal to the hinge 
or fold at its midpoint (Pl. 2, fig. 2; Pl. 4, fig. 3). The dorsal 
margin was straight, its posterior extremity produced into a 
small obl ique pointed projection which is preserved in 
lateral aspect on USNM 189029 (Pl. 4, figs. 1- 3). The 
anterior extremity also extended into a projection but its 
outline and attitude to the dorsal margin are preserved only 
in oblique aspect (USNM 80483, Pl. 2, fig. 2) and although it 
presumably resembles the posterior projection (Textfig. 2), 
the evidence for this reconstruction is equivocal. There is no 
evidence for an articulated rostrum. Both the anterior and 
posterior margins of the valve were directed ventrally at an 
angle of about 120° to the hinge or fold (Pl. 2, fig. 2; Pl. 4, 
figs. 1- 3), forming axial indentations . The hinge or fold is 
preserved in lateral aspect (Pl. 4, figs. 1- 3) as a stra ight 
line, but is ill defined on the only specimen that shows it 
separating the valves (the counterpart of USNM 80483, Pl. 
2, fig. 2). Its anterior extent is obscured on the parallel 
specimens, USNM 189028 (Pl. 3, figs. 1- 3) and USNM 
189030 (Pl. 5, figs. 1- 3), by compression and exfoliation, and 
its nature remains problematical although the lack of recog
ni zable hinge features suggests that it may have been a 
simple fold. In spite of flattening convexity is preserved on 
the carapace of so me specimens (USNM 189028, Pl. 3, figs. 
1- 3; USN M l 89030, Pl. 5, figs. 1- 3) and further indicated by 
the concentric breaks of slope formed during compress ion, 
as on the right valve of USN M 189028 (Pl. 3, figs. 1, 3). The 
carapace had a narrow flat border (Pl. 2, figs. 1, 2; Pl. 3, 
figs . 1- 4 ; Pl. 5, figs. 1- 3) which apparen tly sloped outwards 
creating a shallow groove on the margin of the otherwise 
convex surface. On this border was a series of 150 to 200 
unevenly spaced elongate pits orientated normal to the 
margin of the carapace. 

Trunk. The divisions of the trunk are referred to here as 
somites but they are so numerous that they may have been 
body annulations. The trunk is at least partly preserved in all 
five specimens but the somite boundaries are obscured 
where the carapace was attached. The holotype (Pl. 2, fig. I) 
preserves traces of the boundaries of 44 somites in addition 
to the telson but the arrangement of the appendages indi
cates that there were at least 46 following that bearing the 
principal appendage. USNM 189028 (Pl. 3, figs. 1, 3) 
preserves traces of the boundaries of only 42 somites but 



extrapolation anteriorly on the basis of length (sag.) indicates 
that this specimen has a similar number. Somites (excluding 
the telson) extending beyond the posterior border of the 
carapace vary from about 19 in the holotype (Pl. 2, fig. 2) and 
USNM 189028 (Pl. 3, figs. 1, 3) to 12 in USNM 189029 (Pl. 
4, fig. 1), or even as few as one or two in MCZ 5985 (PI. 1, 
figs. 5, 6) and although, pa rticularly in the last case, the 
variation may be due to distortions during burial, it may 
indicate that the trunk was capable of telescoping. 

All the known specimens are flattened in such a direc
tion that the ventral or ventrolateral margin of the trunk is 
obscured by the appendages, which were apparently attached 
to a ventrolateral ridge (Pl. 2, fig. 1; Pl. 4, figs. 1-3) extending 
back to the anterior border of the telson. This margin may be 
indicated posteriorly, however, by a trace on the holotype 
(Pl. 2, fig . 1) in the area of the lamellate appendages attached 
to the trunk somites immediately in front of the telson. 
The exact anterior width of the trunk is unknown. The width 
of the somites in lateral as pect (Pl. 4, fig. 3), however, 
appears to diminish gradually posteriorly; a similar decrease 
occurs in parallel (Pl. 3, figs. 1- 3) and oblique (Pl. 2, fig. 1) 
specimens. The width appears to be greater in lateral and 
oblique than in near-parallel aspect, indicating that the 
trunk was suboval in cross-section, with the longer axis 
parallel to the sagittal plane. The sagittal length of the 
somites (Pl. 2, fig. I; Pl. 4, fig. 3) increased gradually 
anteriorly. 

The posterodorsal margins of the four or fi ve somites 
immediately preceding the telson of USNM 189029 (in 
lateral aspect) bear minute posteriorly directed spi nes (Pl. 4, 
fig. 4; Textfig. 6); this indicates that the somite boundaries 
may have been spinose throughout. They are not represented 
as such on the reconstruction (Textfig. 2), as there is no 
evidence for the distribution of spines elsewhere. Some of 
the boundaries preceding the telson of the holotype (Pl. 2, 
fig. 2) are preserved in relief, gradually widening ventrally 
where they appear to divide. This also occurs on USNM 
189029 (Pl. 4, fig . 3) ; the boundaries diverge near the dorsal 
margin of the trunk and the gap increases ventrally, poss ibly 
indicating the overlap of successive somites. The specimens 
do not provide much evidence that the trunk was flexible. 
The gentle curvature of the trunk observed in the oblique 
(Pl. 2, figs. 1, 2) and lateral (PI. 4, fig. 3) specimens may have 
been the natural attitude but the somites near the point of 
maximum flexure are longer on the dorsal margin and short
en ventrally, indicating that overlap of the somites in that 
direction may have facilitated movement. 

The telson is preserved in four of the five known 
specimens. The dorsal margin (Pl. 4, fig. 3) is continuous 
with that of the preceding trunk somites in lateral aspect. 
The holotype (Pl. 2, figs. 1, 2) preserves a posterior trace that 
may represent the ventral margin of the trunk ; this would 
indicate a slight increase in width ventrally between the 
telson and the somites immediately preceding it. The telson 
is wider in lateral (Pl. 4, figs. 1- 3) than in parallel (Pl. 3, 
figs. 1- 3) or oblique (Pl. 2, figs. 1, 2) aspect, indicating that 
the anterior cross-section was suboval, in continuity with the 
preceding somites. The dorsal margin curves ventrally 
through an angle of about 30° in lateral aspect (Pl. 4, figs. 
2, 3) into the posterior margin, which was gently concave and 
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bore the anus. The outline of the telson in oblique (Pl. 2, 
figs. 1, 2) and parallel (Pl. 3, figs. 1, 2) aspects is slightly 
obscured by flattening onto the underlying processes. Its 
outline appears to have been trapezoidal, convex laterally 
and tapering to a blunt posterior margin bearing the anus. 
A flat elongate straight-sided, wedge-shaped feature is 
preserved on the dorsal surface of the telson of MCZ 5985 
(Pl. I, fig . 6) widening posteriorly from the anterior margin 
along the midline. The holotype .(Pl. 2, fig. 1) also bears 
traces of this feature. 

The telson extended ventrally into a pair of broad, 
lanceolate processes (PI. 2, figs. 1, 2; Pl. 3, figs. 1- 3), which 
appear to have been attached to its ventral surface. The 
preservation does not indicate whether or not the process 
articulated proximally. It extended back from the posterior 
margin of the telson , gently curved, concave upwards, 
narrowing gradually to a point, and apparently tapered 
forward beneath the telson towards its margin with the trunk 
somites (Pl. 4, figs. 2, 3). In parallel aspect (Pl. 3, figs. 1- 3) 
the processes taper gradually to the distal point along gently 
convex margins. They appear to have been subcircular in 
posterior cross-section but flattened dorsoventrally where 
they are attached beneath the telson. The alimentary canal 
appears to narrow at the anterior margin of the telson in 
lateral aspect (PI. 4, figs. 2, 3) but expands into the anus, 
which occupies most of the posterior margin of the tel son 
over the processes and bears traces of annulations. The canal is 
not preserved in the telson in either the parallel or the oblique 
specimens but the anus is ass umed to have been symmetrical 
about the midline and situated between the processes. 

Traces of the alimentary canal occur in three of the five 
known specimens. USNM 189029 (Pl. 4, figs. 2, 3) preserves 
the outline in lateral aspect in the posterior part of the trunk 
and in the telson. The canal is not preserved in relief but as 
an area which a ppears relatively dark in low-angle (Pl. 4, 
fig. 3) but reflective in higb-angle illumination (Pl. 4, fig. 2). 
A study of Canadaspis pe1fecta, in progress, indicates that 
this type of trace may not correspond to the actual width of 
the alimentary canal as interpreted on the basi s of specimens 
that also preserve it in relief. The ventral margin cannot be 
traced anteriorly but the dorsal may be observed in about 
15 somites preceding the telson. Anteriorly the margins of 
the canal are obscured but it may continue as a raised 
longitudinal band parallel to the dorsal margin of the trunk. 
This band is more highly reflective than the rest of the body 
(Pl. 4, fig . 2) and is marked by a ser ies of longitudinal lines 
(Pl. 4, fig. 3). It may represent traces of longitudinal muscles. 
The ban d appears to deflect anteriorly the somite boundaries 
preceding the twentieth somite before the tel son (Pl. 4, fig. 
3), possi bly as a result of compression, but this feature may 
indicate the original convexity. The anterior part of the 
a limentary canal is preserved in relief, possibly because of 
sediment fill, along the midline of USN M 189028 (Pl. 3, 
fig. 3) and USNM 189030 (Pl. 5, fig. 2) in parallel as pect. 
USNM 189030 preserves transverse annulations in this area, 
gently curved, concave anteriorly, but the curvature may 
result from the flattening of a subcircular cross-section. 
The canal narrowed anteriorly beyond the attachment of the 
principa l appendages (Pl. 5, fig. 2; Pl. 3, fig. 3), presumably 
indicating the position of the mouth. 
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Appendages. As discussed above, two pairs of appendages 
have been observed in the cephalic region, a pair of antennae 
underlain by a pair of large segmented ('principal') append
ages attached posterior to them. No further limbs appear to 
occur in front of these. Behind the principal appendage the 
trunk bore a series of wide thin , presumably flexible, lamel
late appendages (Pl. 2, fig. I ), which extended to the anterior 
margi n of the telson. Some of these are preserved in a ll fi ve 
known specimens, without evidence for their structure ; 
they may have included several di screte lobate areas. The 
evidence upon which the reconstructions of these appendages 
(Tex tfig. 2) a re based is di scussed below. Their arrangement 
is si mplified ; they probably moved in a metachronal cycle 
bu t evidence is insufficient to permit an assessment of their 
relative positions or phase difference during an oscillation. 
The lamellate a ppendages are considered to have been 
orientated approximately normal to the sagittal plane, the 
outer margins overlapping slightly posteriorly (Textfig. 2A). 
Their arra ngement on the compacted specimens may reflect 
their relative attitude when the an ima l was overcome by 
sed iment. Remo val of the right valve of USNM 189030 
(Pl. 5, fig . 2), preserved in parallel as pect, has revealed the 
anterior lamellate appendages compacted in a position tha t 
they might have occupied a t the end of a forward stroke 
(as reconstructed in ventral view, Textfig. 28). Hence the 
anterior, lateral and posterio r margins of the lamellae as 
preserved on thi s specimen correspond to the inner, ventral 
and outer margins on the reconstruction. The specimen 
shows that the anteriormost lamellate appendage, referred to 
as the 'fi rst', was attached immediately behind the principal 
appendage (Pl. 5, fig. 2). Its anterior margin is directed at an 
angle of about 50° to the ax is of the trunk and curves gently 
to a sharply rounded a pex. The lateral margin approxi mately 
parallels the ax is. The second lamellate appendage was 
attached posterior and ventral to the first and extended 
forward a similar di stance, but farther laterally. The third 
was a ttached behind the overlying second and extended 
beyond its la tera l ma rgin. 

The holotype USN M 80483 shows success ive append
ages throughout the length of the trunk overl ain by those 
immediately preceding them (Pl. 2, fi g. l ); their latera l 
extension progress ively dimini shes (as opposed to the first 
few increasing) after the fourth or fifth lamellate appendage. 
This specimen is preserved in oblique aspect, which results 
in a rel a tive arrangement of the margins of the lamell ae 
similar to that found in USNM 189030, so that the inner, 
ventral an d outer marg ins as depicted on the reconstruction 
(Textfig. 2A) a re anterior, lateral and posterior on the com
pacted speci men. The anterior margins of the appendages 
exposed by Resser's (1929) preparation of the left valve of 
th is specimen (Pl. 2, fig. l ) are preserved as ridges on those 
overlying them (Pl. 6, fig. 1; Textfig. 4) because the limbs 
were compressed during burial. The inclination of the 
anterior margin to the axis of the trunk appears to increase 
from about 50° at the first appendage (Pl. 5, fig. 2), to 90° at 
the fourth or fifth (Pl. 2, fig. l) and up to 140° in those 
attached near and beyond the posterior margin of the 
carapace (Pl. 2, fig. 1). This variation may be a function of 
the relative pos ition of the limbs during a metachronal 
oscillation (compare Cannon, 1933, p. 27 l , Fig. 1). The 
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anterior margin (Pl. 5, fig. 2; Pl. 2, fig . 1) was straight 
proximally and curved gently back into the lateral margin, 
which roughly paralleled the axis of the trunk. 

None of the known specimens completely preserves the 
posterior (o uter) margin of a lamellate appendage. Those of 
the lateral specimen (USNM 189029, Pl. 4, fig. 3) are so 
impressed together that the preparation of complete in
dividual appendages is imposs ible but the specimen does 
indica te the posterior outline of some in lateral aspect. The 
ragged , broken posterior edges of the lamellate appendages 
exposed by Resser's ( 1929) preparation of the holotype 
(USNM 80483, Pl. 2, fig. l ; Pl. 6, fig. l ) may approximate, in 
direction a t least, the original outlines. A similar direction is 
indicated by lineations to the left of the alimentary canal of 
the parallel specimen USNM 189030 (Pl. 5, fig. 2), which 
may represent posterior boundaries. The evidence thus 
suggests tha t the posterior margins of the appendages 
attached in the vicinity of somite t-40 on USNM 80483 are 
approximately straight and directed posteriorly at an angle 
of about 60°, this inclination increasing slightly in more 
posterior appendages. 

The a ppendages were smaller (Pl. 2, fig. I) after the 
fourth or fifth but evi dently did not substantially a lter in 
shape. The exact number cannot be determined because of 
their nature and poor preserva tion , particularly on the 
posterior somites, where they are very thin and compacted. 
It cannot be assumed that each so mite bore a single pair; 
the evidence (di scussed below) suggests that it did not. 

The lamellate appendages evidently were attached to a 
raised la tero ventral ridge (Pl. 2, fig . I), which extended along 
the trunk parallel to the dorsal marg in and terminated a t the 
anteroventra l margin of the tel son. The margins of thi s ridge 
are poorly defined on the lateral specimen (U SN M 189029, 
Pl. 4, fig. 3) but it appears to widen gradually towards the 
anterior. It becomes obscured beyo nd the twelfth or thir
teenth somite before the telson. The la mellate appendages 
apparently were attached to the ventral margin of this r idge 
(Pl. 2, fig. l ; Pl. 4, fig . 3), extending ventrally over the margi n 
of the trunk somites. A series of transve rse lineations on the 
ridge may represent points of attachment; they a ppear to 
correspond to the so mite boundaries anteriorly, but out
number them towards the tel son. The holotype (Pl. 2, fig. I ) 
shows the ridge in oblique aspect extending from the antero
ventral margin of the telson through about 30 somites 
preceding it. The a ttachment of the posterior appendages is 
clearly shown by the counterpart of USNM 189028 (Pl. 3, 
fig. 2), which preserves what is effectively a ventral view of 
the posterior trunk somites in near parallel aspect. The lines 
a long which the left and right appendages were attached 
diverged at the anteroventral margin of the telson and 
separated progressively farther anteriorly. 

Two specimens indicate that the lamellate appendages 
may have been biramous, or strengthened by a short 
segmented ' proximal element'. USNM 189028 (Pl. 3, figs. 
1- 3) preserves a series of elongate features forming two 
rows next to the right and left lamell ate appendages on each 
side of the axis, which become progressively shorter and 
closer together posteriorly and extend to the anterior margin 
of the telson. Apparently segmented, some preserve up to 
seven divisions, but no segmentation is evident on the smaller 



elements attached to the posterior trunk somites. These 
proximal elements appear to narrow towards the sagittal 
axis of the trunk (their attachment?), extend posteriorly at an 
angle of about 45 ° to the axis and expand slightly d istally. 
Because the few specimens are poorly preserved it is difficult 
to interpret these features and their relationship to the 
lamellate appendages. Those exposed by Resser (1929) 
beneath the left valve of the holotype (Pl. 6, fig. 1), however, 
appear to be continuous with the anterior (inner) margins of 
the adjacent lamellate appendages, which are preserved as 
ridges on the overlying lamellae. This cannot be confirmed 
because the appendages of USNM 189028 (Pl. 3, figs . 1- 3) 
are badly preserved. Assuming that the proximal elements 
had a strengthening function or a re proximal endites of 
the lamellate appendages this relationship can be used to 
calculate the number of trunk appendages, which cannot be 
assessed by counting the lamellae because of their state of 
preservation. USNM 189028 (Pl. 3, figs. 1-3) apparently had 
over 50 pa irs of proximal elements, slightly more than the 
estimated number of trunk so mites. The anterior 12 or 13 
are significantly larger and more pronounced in relief than 
those behind them, a feature wh ich may indicate a divis ion 
of the trunk into anterior and posterior regions. The lamel
late appendages of the holotype (Pl. 2, fig. I) appear to be 
significantly larger and more evident in re lief on the anterior 
than the posterior trunk som ites, which led Resser (1929) to 
subdivide the body into thoracic and abdominal parts, but 
this difference is no t evident on USNM 189028 (Pl. 3, figs. 
1, 3) and may be due to the sp litting and preservation of the 
original specimen. Anteriorly the paired proximal elements 
appear to correspond, one to one, to the trunk somites (Pl. 2, 
fig. l ; Pl. 6, fig. I; Pl. 3, figs . I, 3); posteriorly, however, they 
correspond to the transverse lineations on the raised latero
ventral ridge to which they apparently were attached, and 
the appendages definitely outnumber the trunk somites 
(Pl. 2, fig. 1 ; Pl. 3, figs . 1, 3). 

Attempts to interpret the structure of the trunk append
ages a re complicated by a se ries of apparent ly discrete 
groups of striations preserved along the left si de of the trunk 
of USNM 189028 (Pl. 3, figs. I, 3) next to the lamellate 
appendages and occupying the same area as the proximal 
elements described above. These may represent setae attach
ed to the proximal elements a lthough no conclusive spatial 
correspondence can be observed. They may, on the other 
hand, have been features associated with the lamellate 
appendages; striations appear to occur on the proximal part 
of the anterior lamellate appendages of USNM 189030 
(Pl. 5, fig. 2). 

Size. The few spec imens, two of which are incomplete, 
the apparent ability of the trunk to vary its length by tele
scop ing, and the flattening of the carapace in d ifferent 
directions make an accurate assessment of the size range 
impossible. The sagittal length from the anterior end of the 
hinge or fold (position estimated where necessary) to the 
di stal extrem ity of the telson processes can be measured for 
three specimens. The holotype (USN M 80483, Pl. 2, figs . 
1, 2), USNM 189028 (Pl. 3, figs. 1-3), and MCZ 5985 (Pl. 1, 
fig. 5) are 68 mm, 85 mm and 87 mm long, respectively. The 
trunk of the third appears to have been telescoped sagitally 
or distorted durin g burial , so that the maximum length of 
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the compressed carapace is 90 per cent of the sagittal length , 
compared with 64 per cent in USNM 189028, suggesting 
that MCZ 5985 may have been considerably larger than the 
other known specimens. Size can be further compared by 
measuring the length of the 30 trunk somites immediately 
preceding the telson; the holotype (Pl. 2, figs. l , 2), USNM 
189028 (Pl. 3, figs. 1- 3) and USNM 189029 (Pl. 4, figs. 2, 3) 
give values of 24 mm, 30 mm and 28 mm, respectively. The 
incomplete USNM 189030 (Pl. · 5, figs. 1- 3) cannot be 
measured for comparison, but appears to be similar to the 
other specimens. The holotype (USNM 80483) thus appears 
to be the smallest and MCZ 5985 the largest of the known 
specimens. The dimensions of the carapace can be satis
factorily measured only on the holotype (Pl. 2, fig. 2), the left 
valve of which is relatively undi storted by compression. 
The length of the hinge or fold of this valve is 42 mm, the 
maximum length of the carapace parallel to it 45 mm and 
the maximum height normal to it 31 mm (t he third value 
clearly cannot allow for any of the original convexity). These 
figures represent 62, 66 and 46 per cent of the sag ittal length , 
respect ively . 

Discussion 

Habita t, mode of life, function of appendages. The preser
vation of Branchiocaris pretiosa and other previously 
descr ibed members of the Burgess Shale fauna (Whittington, 
197la, b, 1974) indicates that the specimens were part of a 
living population which was catastrophically buried. In 
the adult stage the species was presumably benthonic in 
habitat, swimming and feeding near the seabed (see Whit
tington , 197lb, p. 19- 20, discussion of the habitat of 
Marrello splendens). A metachronal movement of the 
lamellate appendages probably served to propel the animal 
forward, simultaneously setting up a current or respiratory 
stream along the ventral surface of the trunk between the 
appendages and assisting the function of the lamel!ae as 
gills. The evidence for the detailed morphology of the trunk 
appendages of B. pretiosa is equ ivocal : any attempt to 
postulate the way in which they functioned must be based 
inevitably on a comparison with extant arthropods
particularly the notostracan branchiopods to which B . 
pretiosa bears certain si milarities . The trunk appendages may 
have been similar to those of Triops, the proximal element 
and striations of B. pretiosa corresponding to the set iferous 
endites of Triops. However, the proximal elements of B. 
pretiosa did not likely serve to pass food particles forward to 
the mouth , as did the basal endite of the Triops trunk limbs
the opposing appendages appear to have been too far apart, 
although this may be partly the result of postdepositional 
compaction. The anterior 12 or 13 pairs of proximal elements 
are significantly larger than those following them, which may 
imply that the trunk was divided into thorax and abdomen as 
in the Branchiopoda. The principal appendages may have 
provided an adequate food-gathering mechanism, rendering 
any other superfluous, with the arthropod living on animal 
debris and plant material gathered on the sea bed. They may 
have functioned together by grasping material between the 
distal extremities, or separately by pulling food towards the 
mouth or picking it up if they were, in fact, chelate. Since it 
apparently lacked eyes, B. pretiosa was not likely an active 
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predator. The antennae presumably were sensory. The 
apparent absence of gnathobase-type structures probably 
rules out particle feeding (as found in the Notostraca), and 
even if the striations on the lamellae represent setae, filter 
feeding presumably was on ly of secondary importance. 
Cannon ( 1933, p. 333) argued that the ancestral Branchio
poda may have possessed a well developed maxilla which 
fun ct ioned as a feeding mechanism, that the development of 
a filtering system or structures to push food forward was only 
secondary to that of a respiratory stream and that the setae 
originally served to keep the lamellae clean, thus avoiding any 
impediment to the current of water over the gills. This 
viewpoint was disputed by Hessler and Newman (1975), who 
deduced that the original method of foodgathering in the 
Crustacea was pastoral. The principal appendage of B. 
pretiosa thus presumably signifies a specialized condition 
that does not represent a stage in branchiopodan evo lution. 
The apparent ability of the trunk somites to permit flexing of 
the trunk by telescoping may have aided in propulsion and 
steering; if the telson processes were articulated they 
probably also functioned in this respect. 

Previous descriptions. The most significan t new inform
ati on on Bra11chiocaris pretiosa which the present study has 
brought to light concerns the morphology of the cephalic 
region. Resser's (1929) description of the species, based on 
the part and counterpart of a single specimen, stated that 
"none of the head parts are well known , since in flattening 
the original convexity the anterior portion was crowded 
together, thereby effacing the delicate structures. " The 
discovery of paired antennae and the large segmented 
principal a ppendages in this region , however, has remedied 
this deficiency. Jn addition the trunk has been shown to bear 
lamellate appendages a long its entire length preceding the 
telson. The only known spec imen of Protocaris marshi 
preserves no positively identified appendages. Resser's (1929) 
preparation of the holotype of B. pretiosa, from which he 
removed much of the carapace to expose the underlying 
appendages, demonstrated an approach to the study of the 
Burgess Shale arthropods which has been profitably a pplied 
in the redescription of this and other genera (Whitt ington, 
J97lb, 1974). To him the "abdominal portion" of the trunk 
of this speci men appeared to have "much shorter or no 
appendages" and the erroneous idea that the species only 
bore appendages anteriorly was perpetuated by St11>rmer 
(1944, p. 101) and Rolfe (1969, p. 331). The appendages are 
not "tri lobitan" as supposed by Raymond (1935) and 
St11>rmer (1939, p. 237; 1944, p. 101 ). The evidence that they 
were biramous is equivocal; the lamellae may have been 
fil a mentous but the proximal element bears no resemblance 
to the segmented walking leg of a trilobite. 

Affinities and classifications. Remarks on the classifica
tion and affinit ies of Protocaris published after Resser's 
( 1929) description of the species Branchiocaris pretiosa na
turally took the morphology of the latter into consideration, 
as it was or igina lly referred to this gen us. Resser maintained 
th a t there are "but few important differences" between B. 
pretiosa and Protocaris marshi. The former, however, has 
well preserved appendages, and differs from the single poorly 
preserved speci men of Protocaris marshi in the outline of the 
carapace and telson morphology; this is considered to war-
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want its removal to a new genus. Both Raymond (1935) and 
St11>rmer (1939, p. 237; 1944, p. 101) considered that Proto
caris (i.e., B. pretiosa) has trilobitan limbs, but the evidence 
for the morphology of the appendages does not support this 
view. St11>rmer (1944, p. IOI) noted that he had exam ined in 
the Un ited States National Museum in Washington "a speci
men of the genus Portalia (similar to Protocaris) which had 
indications of gill blades on the appendages." He was 
referring to a specimen (probably USNM 189232) of 
Odaraia (Walcott, 1912a), presently under study, which was 
never described by Walcott, but bears the label 'Porta/ia 
a/ata' in the collections. This specimen bears no relation to 
the species Porta/ia mira that Walcott figured (1918) and 
that he considered to be a holothurian. Rolfe (1969, p. 331) 
was of the opinion that St0rmer was comparing Protocaris 
(i.e., B. pretiosa) with the only published material of Porta/ia, 
the holotype of P. mira; his remarks concern ing St0rmer's 
supposed interpretation of this holotype are based on this 
misapprehension. 

Resser (1929), noting that Protocaris marshi possessed a 
bi valved carapace like that of Branchiocaris pretiosa, ap
parently considered that this feature precludes it from the 
notostracan branchiopods, and he suggested that both 
species had affinities with the Phyllocarida. Raymond (1935), 
however, deemed that what he supposed were the " trilobitan" 
limbs of B . pretiosa were a more important diagnostic feature 
than the gross morphology and he included Protocaris (i.e., 
both P. marshi and B . pretiosa) in a new order, Pseudono
tostraca, which he considered was " leading to the Noto
straca ." St0rmer (1944) also favoured an approach based on 
apparent appendage morphology an d assigned Protocaris to 
a new class, Pseudocrustacea, of the subphylum Trilobito
morpha. He did not, however, retain the genus in the class 
Trilobitoidea ( 1959) when he subseq uently reclassified many 
of the Burgess Shale arthropods, rejecting the bivalved forms 
from this subphylum. The present st udy of the Burgess 
Shale fauna (Whittington, 197 la) has produced new evidence 
that suggests that the 'trilobite limb' is not as constant a 
feature among these arthropods as was previously thought. 
A more cautious approach to the classification of early 
arthropods was suggested by Woods (l 965), who noted that 
"formerly Protocaris marshi ... has been considered to be a 
notostracan and the earliest branchiopod .... Without 
details of the structure of the appendages in these fossils, it is , 
ho wever, impossible to place them even in the Crustacea 
generally." 

Branchiocaris pretiosa cannot be assigned with certainty 
to any extant group of a rthropods. St0rmer (1944, p. 126, 
127) compared the "great appendage" of Leanchoi/ia from 
the Burgess Shale with the chelicera of the Xiphosura and 
suggested that it might be a developmental stage of the latter. 
The contemporaneous B. pretiosa bore an anterior append
age, the principal appendage, which may have been much 
closer in morphology to a chelicera. The chelate appendages 
of chelicerates, however, are invariably preoral, whereas the 
principal appendage of B. pretiosa appears to have been 
pastoral, and the former usua lly comprise no more than four 
segmen ts, compared with eight in the latter. B. pretiosa 
shows closest affinities with the branchiopod Crustacea 
among extant arthropods, in spite of the anomalous princi-



pal appendage. The antennae and antennules of these 
arthropods may be reduced or absent and this may account 
for the apparent lack of a second pair of preoral antennae. 
The species is similar to the Notostraca in the large number 
of body somites and apparently simple, uniform morphology 
of the lamellate appendages. The bivalved carapace, how
ever, suggests analogies with the Conchostraca. Protocaris 
marshi also possessed a bivalved carapace and many trunk 
som ites. Unfortunately the preservation is inadequate to 
permit a st udy of the appendages but the evidence does not 
rule out a sim il ar arrangement to that in B. pretiosa. 

Information on the cephalic segmentation and the 
structure of the appendages of these arthropods is so limited 
that they cannot be classified satisfactori ly nor can their 
evolutionary significance be accurately assessed. Clearly, 
however, Branchiocaris pretiosa, like many of the Burgess 
Shale arth ropods, is a unique form wh ich, although mor
phologically simi lar to some recent Notostraca, is unlikely to 
represent a direct evolutionary predecessor of thi s gro up. 
It apparently defies classification within any gro up of Recent 
arthropods. St~rmer's (1959) class Tri lobitoidea is not 
considered an acceptable solution to this problem, based as 
it is on the subjective criterion "appendages of typical or 
modified trilobite type." Discussion of an a lternative 
classification would be premature until the completion of 
st udies now in progress on Canadaspis perfecta and other 
bivalved arthropods in the Burgess Shale fauna. 

Family uncertain 

Genus Dioxycaris Giirich, 1929 

Dyoxycaris Kresto vniko v, 1961 

Type species. L epere/ilia argenta Walcott, 1886 

Diagnosis. Carapace bivalved; valves subovate, dorsal 
margin produced anteriorly and posteriorly into an oblique 
pointed process, narrow border defined by a shallow groove. 

Geological horizon. Middle Cambr ian, Ophir Shale, ?Glosso
pleura Zone (R . A. Robison, pers. comm.), Utah. 

Dioxycaris argenta (Walcott, 1886) 

Plate 6, figures 3, 4 

1886 Leperditia Argenta, Walcott, p. 39, 47, 54, Pl. 8, fig. 5 
1886 Leperditia? Argenta, Walcott , p. 146, 147 
1889 Leperditia argenta; Miller, p. 552 
1889 L eperditia argenta; Vogdes, p. 25 
1890 L eperditia argenta; Vogdes, p. 170 
1890 Leperditia ? argenta, Walcott, p. 625 
1891 L eperditia argema, Walcott , p. 170, 319 
1893 L eperditia argenta; Vogdes, p. 393 
l 9 I 2a Hymenocaris argentea, Walcolt, p. 183 
19 I 2b Jsoxys argentea, Walcott, p. 158, 189 
1929 Leperditia argenta; Giirich, p. 34, 36 
1929 L eperditia ? argenta; Giirich, p. 36 
1929 Hy menocaris argentea; Giirich, p. 36 
1929 Dioxycaris argenta; Giirich, p. 35- 37, Fig. 1,3 
1934 Dioxycaris argentensis; Straelen and Schmitz, p. 79, 80, 202, 217, 
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1953 Dioxycaris argenta; Roger, p. 311, 312, Pl. 1, fig. 4a 
1956 Leperditia (?) argenta; Brooks a nd Caster, p. 9 
1956 Dioxycaris argenra; Brooks and Caster, p. 11, Fig. 1,6, p. 13 
1968 Dioxycaris argenta; Opik, p. 10 
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1968 Leperditia ? arg~!1ta; Opik, p. 10 
1968 l soxys argenta; Opik, p. 10 
1969 Dioxycaris argema; Rolfe, p. 325, F ig. 150,4 

Holotype. USNM 15401 , part and incomplete counterpart, 
Plate 6, figures 2, 3, respectively, original of Walcott, 1886, 
Plate 8, figure 5 (line drawing). 

Other material. R .A. Robison (pers. comm.) has spent 
considerable time and effort in an unsuccessfu l attempt to 
collect add itional spec imens from Walcott's type loca lity. 

Walcott (1908, 1912b) recorded the occurrence of 
Jsoxys argentea and Isoxys cf. argentea on the basis of some 
poorly preserved speci mens wh ich are similar in outline and 
size to the holotype, and may a lso belong to Dioxycaris. 
These are as follows: USNM 56513- part and counterpart 
of a valve and some additional fragmentary material from 
USNM locality 54a (see Walcott, 1908, p. 196 ; 19J2b, p. 151 , 
202), Middle Cambrian, Ute Limestone, Blacksmith Fork 
section ( I 5 miles east of Hyrum, Bear River Range, accord
ing to the specimen label), Utah; USN M 56514, 56518- six 
specimens from USNM locality 35g (see Walcott, 1908, p. 
209; 1912b, p. 126, 198), Middle Cambrian, E ldon Lime
stone, at the north end of the amphitheatre northwest of the 
main ridge of Mount Bosworth, nort h of the Canadian 
Pacific Rai lway between Hector and Stephen, British 
Colu mbia. 

The U.S. National Museum also holds five isolated 
va lves (USNM 56512) and a complete carapace (USNM 
56515) which may be Dioxycaris, from USNM locality 32x 
(see Walcott, 1908, p. 8; 1912b, p. 150, 195), Middle Cam
brian, about 1700 feet above the Brigham Quartzite, 
Wasatch Canyon, east of Lakeview Ranch, 5 miles north of 
Brigham City, Boxelder County, Utah. 

Locality and stratigraphical horizon. Middle Cambrian, 
Ophir Shale, ?Glossopleura Zone, Big Cottonwood Canyon, 
one mile from Argenta, Wasatch Range, Utah (USNM 
locality 30a, see Walcott, 1886, p. 147; 1912b, p. 158, 189). 

Gi.irich (1929) discussed Dioxycaris argenta under the 
head ing 'Lower Cambrian' and this error was perpetuated by 
Straelen and Schmitz (1934), Roger (1953) and Rolfe (1969). 
Brooks and Caster (1956, p. 9) indicated that the genus is 
from the Middle Cambrian Wheeler Shale. R .A. Robison 
(pers. comm.) confirms the locality and strat igraphica l 
horizon given above and considers it " likely that the type 
locali ty is now covered by a paved highway to the Brighton 
Ski Resort." 

Preservation. The only known spec imen of Dioxycaris 
argenta, a single valve, is preserved in a dark fine-grained 
micaceous shale. The fossil appears to have split a long the 
surface of the carapace and this allows a distinction to be 
drawn between the part (Pl. 6, fig. 2), which preserves an 
indicati on of the original convex relief, and the incomplete 
counterpart (Pl. 6, fig. 3), in wh ich the valve is concave, has 
no apparent thickness and lacks the dorsa l area. Compaction 
has destroyed most of the relief, which is reflected in a series 
of ridges and folds traversing the valve. The margin, how
ever, appears to be intact, which suggests that the valve was 
orientated approximately parallel to the bedding. Several 
nodular features occurring within the area covered by the 
valve are preserved as pits on the part (Pl. 6, fig. 2). These 
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may be the result of nucleation caused by decaying organic 
matter but examples also occur on the surro undin g slab. 
Brooks and Caster (1956) described the carapace as "chit i
nous" but this designation is misleading without the corro
boration of a chemical analysis. 

Description. On the basis of considerations out lined below, 
the specimen is assumed to be the right valve of a pair. The 
valves were suboval in outline, expanding anteroventrally. 
The dorsal margin, the hinge or fold, is assumed to have been 
straight, although it is slightly deformed on the specimen 
probably because of compaction in a flexible state. It is 
produced anteriorly into a clearly defined small oblique 
pointed process. The posterior end of the hinge or fo ld is 
poorly preserved and partly destroyed as a result of some 
earlier worker's misguided preparation. A similar process 
appears to be present, however, as figured by Walcott (1886) 
and subsequent authors. The processes do not appear to have 
been articu lated. The curved anterior and posterior margins 
of the valve were directed ventra lly at an angle of about 110° 
to the hinge or fold. The carapace had a poorly defined 
narrow border bounded on the inner margin by a shallow 
groove (preserved on the counterpart in positive relief). 
Thi s border appears to be smooth, although this cannot be 
confirmed because the specimen is inadequately preserved . 
There is no unequivocal evidence of a muscle scar. None of 
the other surface features appear to be original. 

Size . The outline of the va lve is considered to have been 
litt le altered by postdepositional compact ion . The length 
para llel to the hinge or fold is 56 mm and the height normal 
to it 30.4 mm . 

Discussion 

Previous descriptions. ln hi s original description of the 
specimen, Walcott (1886) interpreted the more tapered end 
of the valve as anterior and thi s orientation has not been 
subsequently queried except by Rolfe ( 1969, p. 325), who 
referred to it as"? left valve." The specimen is interpreted as 
a right valve here but this designation must be considered 
equivocal without a preserved muscle scar or traces of the 
soft parts. It is based on a comparison with Branchiocaris 
pretiosa, the carapace of which is sim ilar in out line with the 
valves expanding sli ghtly anteriorly. Photographs of Dioxy
caris argenta (Pl. 6, figs. 2, 3) have not previously been 
publi shed; all illustrations to date have been drawings of 
the complete part. 

Affinities and classification. Walcott ( 1886) originally re
ferred Dioxycaris argenta to the ostracod genus Leperditia. In 
1912, however, he assigned the species to Hymenocaris and 
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consequently to the phyllocarid family Hymenocarididae in 
one paper ( 191 2a), and to Isoxys in another (1912b). 
D . argenta has continued to be considered a phyllocarid 
altho ugh Straelen and Schmitz (1934), and subsequently 
Roger (1953) and Krestovnikov (1960) class ified it in the 
family Cerat iocarid idae. Brooks and Caster (1956) con
sidered that "the similarity of the anterior and posterior 
processes of the carapace of Isoxys, Dioxycaris and Tuzoia is 
suggestive of a common relationship and sets them apart 
from the other phyllocarid types ." They erected a new family, 
Isoxysidae, to include the three genera; the name was 
corrected to l soxyidae by Rolfe ( 1969, p. 326) who pointed 
out that it is a junior synonym ofTuzoiidae Raymond, 1935, 
to which Opik (1968) considered Dioxycaris probably 
belonged. Both fami ly na mes are, in fact, junior synonyms of 
Isoxysidae Vogdes, 1893, which was originally erected to 
include Isoxys a lone. 

The va lves of Branc/1iocaris pretiosa are similar in out
line (ass uming the orientation suggested above) and size to 
that of Dioxycaris argenta-both the anterior and posterior 
extremities of the hinge or fold are apparently produced into 
oblique spines or processes. However, the carapace of the 
only known specimen of D. argenta is inadequately pre
served to indicate the presence or absence of the peripheral 
pits that are a distinguishing feature of Branchiocaris. The 
Utah species is known only from a single poorly preserved 
va lve lack in g traces of soft parts; evidence is inadequate to 
demonstrate whether or not Dioxycaris and Branchiocaris 
are congener ic and the latter is not synonym ized with the 
ear li er described form. 

One may argue that Branchiocaris should be removed 
from the family Protocarididae Miller, 1889 and placed in 
the Isoxyidae Yogdes, 1893. Thi s wou ld imply that the mor
phological similarity between Protocaris marshi and Bra11-
c/1iocaris pretiosa was less diagnostic than the presence of 
dorsal processes on the valves of the latter. The significance 
of these processes is problen~atica l-the anterior pair may 
have fulfilled the same function as the nonarticulating 
rostrum of some Crustacea. Alternatively they may have had 
a strengthen ing effect or facil itated movement about the 
hin ge or fold of the carapace, thus explain ing their presence 
posteriorly as well as anteriorly. The validity of using the 
presence or absence of these processes as the main basis for a 
familial division is thus questioned and Dioxycaris is not 
referred here to any family, without further ev idence of its 
morphology. The preservation of the holotype of Protocaris 
marshi, after all, does not ru le out the possibility that the 
carapace of this genus may also have borne processes on 
each va lve at the extremities of the hinge or fold. 
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Addendum 

(June8, 1967) 

Since the manuscript was completed a reconstruction a nd 
brief description of Protocaris pretiosa by Simonetta and 
Delle Cave ( 1975) has become available. In add ition to the 
holotype, they ass igned (p. 13) 7 specimens to P. pretiosa . I 
have examined these spec imens a nd , in my op inion , on ly 
three are correctly identified : USN M 189028 (Pl. 54, figs. 2a, 
2b), USNM 189029 (Pl. 53, figs. 9a, 9b) an d USNM 189030 
(Pl. 53, figs. 7a, 7b), c ited by Simonetta and Delle Cave as 
USNM 189302, 189300 and 189298, respectively. The others 
are as follows: USNM 189228 (Pl. 53, fig. 4), Odaraia 
Walcott , I 9 I 2a; USN M 189240 an d 114255 (Pl. 53 , figs. 5, 6), 
n . gen., n . sp., Briggs, in press; USN M 189022 (Pl. 53, fig. 
8), ci ted as USNM 189299, Canadaspis Novozhilov, 1960. 
One further specimen, USNM 189199 (Pl. 54, fig. 5), was 
identified as P. pretiosa, apparent ly in error, in the plate 
explanation; it appears to be lsoxys acuta11g11 /us Walcott, 
1908. 

No discussion of the evidence upon which their recon
struction (Pl. 4, figs. 3a-c) is based was g iven by Simonetta 
and Delle Cave. They fai led to note the large principal 
appendage in the cephalic region, and their contention that 

16 

"co mpo und eyes are present" was apparent ly based on the 
mis-identified USNM 11 4255. Their observation of "at least 
55 short body segments" is an exaggeration (see Pl. 2, fig . I; 
Pl. 3, figs. 1, 3 herein), and they considered that " it is 
impossible to make out any deta il of the structure" of the 
trunk ap pendages . There is no evidence that the tel son pro
cesses extend anteroventra lly beneath 7 or 8 trunk so mites 
to give a "dorsa ll y annulated ca udal structure" (see Pl. 2, 
figs. I, 2; Pl. 3, figs. I , 3; Pl. 4, fig. 3, herein) . 
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Plates 1-6 and Textfigures 3-7 
The photographs were taken on fine-grained panchromatic film in 
ultraviolet radiation except for Plate I, figures J, 2, 4, 5, and Plate 6, 
figures 2, 3, which were taken in ordinary light. The orientation of 
the specimen rela tive to the bedding planes is given as parallel , 
lateral or oblique (see sections on preservation). The radiation was 
directed at 30° to the horizontal except where reflection was de
sirable, when the angle was increased to about 65 °. The direction 
from which the fossi l was illuminated is given relative to the margins 
of the plate. Textfigures 3-7 are camera lucida drawings giving an 
interpretation of the part or counterpart of a specimen illustrated on 
the adjacent plate. The drawings are labelled to indicate features 

referred to in the text; the symbols used are explained in the intro
duction. No attempt has been made to combine the features of both 
part and counterpart on the same drawing except in Textfigure 3, 
where the distal extremities of the telson processes were added from 
the counterpart. The specimens are held in the United States 
National Museum, Washington, D.C. (USNM) and the Museum of 
Comparative Zoology, Harvard, Cambridge, Massachusetts (MCZ). 

The data referring to individual figures on the plates are 
arranged in the following order : depository and specimen number; 
orientation; direction of illumination ; magnification; reference to 
previous illustration; comment; reference to textfigure. 
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ARTHROPOD BRANCH!OCARIS N. GEN. , BURGESS SHALE 

Plate 1 

Protocaris 111arshi Walcott , 1884 

Figures 1- 3. USN M 15400, part and counterpart, oblique; figure I, 
part, north, X 3, original of Resser, 1929, Pl. 6, figs. 1, 2, Resser and 
Howell, 1938, Pl. 13, fig. 8; figure 2, counterpart, south, X 3; 
figure 3, part, northeast, X 6, showing cephalic region; see Text
figure 3. 

Unidentifiable specimen referred to 
Protocaris 111arshi by Resser and Howell, 1938 

Figure 4. USNM 90826, east, x 3, original of Resser and Howell, 
1938, Pl. 10, fig. 7. 

Branchiocaris pretiosa (Resser, 1929) 

Figures 5, 6. MCZ 5985, oblique; figure 5, north, x l; figure 6, 
northeast, X 3, showing telson and posterior trunk. 
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ARTHROPOD BRANCH/OCAR IS N. GEN .. BURGESS S HALE 

Plate 2 
Branchiocaris pretiosa (Resser, 1929) 

Figures l, 2. USN M 80483, part and counterpart, oblique; figure 1, 
part, north, X2.5, carapace removed from centra l area by Resser; 
figure 2, counterpart , northwest, X 2.5, originals of Resser, 1929, 
Pl. 4, figs . l , 2; see Textfigure 4. 
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ARTHROPOD BRANCHIOCARIS N. GEN., BURGESS SHALE 

Plate 3 
Bra11chiocaris pretiosa (Resser, 1929) 

Figures 1-4. USN M 189028, part and counterpart, near-parallel; 
figure l , part, reflected, west, X 1.5; figure 2, counterpart, north, 
X 1.5; figure 3, part, east, X 1.5; after removal of part of the cara
pace anteriorly; figure 4, part, north, X 4, showing anterior ap
pendages after removal of part of the carapace; see Textfigure 5. 
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ARTHROPOD BRANCH!OCARIS N. GEN. , BURGESS SHALE 

Plate 4 
Branchiocaris pretiosa (Resser, 1929) 

Figu res 1-4. USNM 189029, lateral; figure 1, north west, x 1.5; 
figure 2, reflected, west, X 1.5, after removal of part of the cara
pace; figure 3, north, X 3, after removal of part of the carapace; 
figure 4, reflected, southwest, x 4, showing sp ines on somite 
boundaries; see Textfigure 6. 
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ARTHROPOD BRANCH!OCARIS N. GEN. , BURGESS SHALE 

Plate 5 
Brancliiocaris pretiosa (Resser, 1929) 

Figures 1- 3. USNM 189030, part and counterpart, para llel; figure l, 
pa rt, north, X 2.5; figure 2, part, north west, X 4, after removal of 
part of the carapace, see Textfigure 7; figure 3, counterpart, east, 
X 2.5. 
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ARTHROPOD BRANCH!OCARIS N. GEN., BURGESS SHALE 

Plate 6 

Bra11chiocaris preiiosa (Resser, 1929) 

Figure I. USNM 80483, part, oblique, north, X 4, to show elements 
of appendages, original of Resser, 1929, Pl. 4, fig. 2; see Textfigure 4. 

Dioxycaris argenta (Walcott, 1886) 

Figures 2, 3. USNM 15401, part and counterpart, lateral; figure 2, 
part, reflected, north, X 1.5; figure 3, counterpart, reflected, north 
x 1.5. 
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