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A s s ~ ~ ~ c ~ - S e v e r a llarge collections of lobsters from the Late Cretaceous Bearpaw Shale of north- 
eastern Montana were studied to characterize the occurrence, preservation and systematics of this 
unusual fauna. 

The lobsters are preserved in argillaceous limestone concretions that have the shape of slightly 
flattened prolate ellipsoids. The concretions that contain lobsters generally contain only a single 
animal. However, a few contain two lobsters, and one contained a lobster and a crab. The lobsters are 
preserved as sediment filled exoskeletons which usually have the claws, cephalothorax and abdomen 
articulated, preserved in an upright position and stretched out along the axis of the animal. The 
abdomen may be enrolled to varying degrees. Most specimens show some evidence of minor dorsal- 
ventral compression and a few are laterally compressed. Diagenetic changes have altered the chitinous 
exoskeletons although preservation is delicate enough to have preserved internal (endophragmal) 
skeletons in some individuals. 

The lobster corpses and molts decayed on the sea bottom and as the articulating membranes 
decomposed the surrounding sediment found its way into the interior of the exoskeleton. Calcite 
precipitated and filled the interstitial spaces in the mud in and around the lobsters forming the 
argillaceous limestone concretions. 

Palaeonephrops browni (Whitfield) is redescribed and 23 specimens were measured and statistically 
analyzed to define the range of variation. Twenty-seven parameters were measured and analyzed by 
bivariate methods. All growth lines are linear because no larvae or juveniles are present. Low correla- 
tion coefficients were found for most ratios involving vertical or lateral parameters, which is inter- 
preted as a function of compression of fragile exoskeletons. Good correlation was found in parameters 
measured along the axis of the cephalothorax of the animal (and not in the plane of maximum 
distortion). The degree of cephalization remains constant during growth of an adult (.t = 1.50)and all 
but one specimen lie within one standard deviation of the mean. Sexual dimorphism in this taxon is not 
demonstrable. 

Hoploparia bearpawensis Feldmann n. sp. is described and figured. This species is represented by 
only two specimens. 

A single specimen consisting of four abdominal somites forms the basis for description of a palinurid, 
Linuparus pustulosus Feldmann n. sp. This specimen is the first palinurid reported from the Bearpaw 
Shale. 

INTRODUCTION 467, pl. 26) a new species of lobster, Hop-
SEVERALLARGE collections of exquisitely pre- loparia browni now referred to the genus 
served fossil lobsters from the Cretaceous Palaeonephrops (Mertin, 194 1). The remain- 
Bearpaw Shale of Montana have come to the der of the material was placed in the collec- 
authors' attention in the last few years. These tions of the American Museum of Natural His- 
collections have been gathered together and tory. Among the unstudied specimens was a 
studied in an attempt to characterize the portion of the abdomen of another decapod 
taxonomy, mode of occurrence, environmental which serves as the basis for description of 
setting and range of variation of these lobsters Linuparus pustulosus n. sp. 
(Table 1). In the last ten years Gale Bishop and Larry 

In 1908, Barnum Brown made extensive Eichhorn have made extensive collections of 
collections of fossiliferous concretions from decapods from the same region so that it is 
Cretaceous shales in northeastern Montana. possible, for the first time, to perform a de- 
The concretions containing decapod crusta- tailed biometric analysis of Palaeonephrops 
ceans were referred to R. P. Whitfield for browni as well as present a more complete and 
identification. Whitfield apparently selected a detailed description. These collections also 
few specimens and described (1907, p. 459- yielded two specimens which form the basis 
Copyright @ 1977, The Society of Economic 1161 
Paleontologists and Mineralogists 
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TABLE I-Register of localities from which lobsters, used in this study, were collected 

Specimens Total 
Locality in Text Specimens 

125 miles NW of Miles City, Montana, Coll. "150 ft. [46 m] below basal AMNH 9572, 2 
sandstone of Laramie." Coll. Barnum Brown, 1908; Ident. R. P. 32482 
Whitfield 

Near top of Pierre Shale, 6.5 km (4 mi) N of Missouri River, 65 km (40 mi) AMNH 32483-85 approx 
SW of Glasgow, Montana. Coll. Barnum Brown, 1908; Ident. R. M. 32487 50 
Feldmann 

Misty Hills, T32?, R3?, Alberta, Canada. Coll. G. S. Hume, Oct. 3, 1935; GSC 45740 1 
Ident. R. M. Feldmann 

Benton Shales, Willow Creek, Alberta, Canada, Coll. Sommers; Ident. GSC 45739 1 
R. M. Feldmann 

Approx. Sec. 9, T25N, R42E, about 1.6 km (1 mi) W of Ft. Peck Reservoir USNM 239919-22 4 
on S shore, E of Hell Creek Park, Montana, about 55 m below Colgate 
Sandstone Member of Fox Hills Formation. Coll. below high water 
mark. Coll. R. W. Swanson; Ident. R. M. Feldmann 

Bearpaw Shale, SE%, NE%, Sec. 23, T27N, R45E, Valley Co., Montana, USNM 239923-26 4 
USGS Mes. Loc. 23396, Coll. R. B. Colton, July 3, 1950; Ident. R. M. 
Feldmann 

Bishop Locality 11 (B-11). SW%, NW%, Sec. 19, TlS,  RlOE, Pennington 	 USNM 239936 1 
Co., S. Dak, from just below Pierre Shale-White River Group discon- 
formity, probably from the Baculites rugosus Zone (Campanian) 4 km 
(2.5 mi) S of Caputa, S. Dak. Coll. G. Bishop, 1968; Ident. G. Bishop 

and R. M. Feldmann 


* Bishop Locality 30 (B-30). Sec. 4, T25N, R42E, McCone Co., Montana, USNM 239927-35 
from approx. 55 m below top of Bearpaw Shale; in Baculites eliasi Zone 
(Maastrichtian). Coll. Larry Eichhorn and G. Bishop, 1972-73, Ident. 
G. Bishop and R. M. Feldmann 

Bishop Locality 2 2  (B-22). Secs. 17-20, T24N, R39E, Valley Co., * 
Montana, from approx. 55 m below top of Bearpaw Shale, in Baculites 
eliasi Zone (Maastrichtian). Coll. G. Bishop, 1969; Ident. G. Bishop and 
R. M. Feldmann 

* Bishop Locality 29 (B-29). Sec. 19, T25N, R39E, Valley Co., Montana, 
from approx. 55 m below top of Bearpaw Shale, in Baculites eliasi Zone 
(Maastrichtian). Coll. Larry Eichhorn and G. Bishop, 1972-73; Ident. 
G. Bishop and R. M. Feldmann 

* A total of 234 specimens were collected from localities B-22, B-29 and B-30. Those indicated above have been 
catalogued in the collections of the U.S. National Museum. The remainder are uncatalogued specimens in the pos- 
session of G. Bishop. 

for description of Holoparia bearpawensis n. Cobban (1973) to map the position of strand 
SP. lines for the time represented by the Bearpaw 

Shale (Text-fig. 2). 
GEOLOGIC SETTING Most of the specimens were collected in the 

The majority of the specimens described are area around Ft.  Peck Reservoir in northeast- 
from the Bearpaw Shale of eastern Montana ern Montana. The stratigraphy of the Bear- 
which forms the upper part of the Montana paw Shale in this area was investigated by 
Group and which was deposited in the Cre- Jensen & Varnes (1964). The lobster-bearing 
taceous epeiric seaway (Gill & Cobban, 1966). concretions were collected from "unit 6" of 
The Bearpaw Shale is a westwardly thinning Jensen & Varnes (Text-fig. 3). This interval 
marine tongue of shale that interfingers with consists of 78 m (255 ft) of gray shale beds and 
the subjacent Judith River Formation and the contains gray weathering fossiliferous lime- 
superjacent Fox Hills and Hell Creek Forma- stone concretions. The underlying interval (unit 
tions (Text-fig. l). The biostratigraphy of the 5) is bentonitic and, upon weathering, forms a 
Western Interior Cretaceous rocks has been- hard surficial crust 0.3 m (1 ft) thick and con- 
summarized by Gill & Cobban (1966). This tains abundant clay-ironstone concretions. 
ammonite zonation has been used by Gill & Baculites associated with the lobsters were 
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collected by Bishop a t  localities B-29 and 
B-30. They were submitted to W. A. Cobban 
of the U.S. Geological Survey who identified 
them (Cobban, personal commun. 1973) as 
Baculites eliasi (seven specimens from B-30) 
and Baculites eliasi or B .  jensensi (one speci- 
men each from B-29). Both of these forms are 
latest Campanian in age (Gill & Cobban, 1966, 
p. A35) and have an estimated absolute age of 
71 my BP (Gill & Cobban, 1973, p. 4). 

The lobster bearing concretions from the 
Bearpaw are associated with a diverse marine 
fauna Uensen & Varnes, 1964, p. F8-F10). 
The invertebrates from "unit 6" include 28 
species of bivalves, 13 species of gastropods, 
2 species of scaphopods, 14 species of 
cephalopods, 2 species of brachiopods, and the 
3 species of lobsters described herein. 

OCCURRENCE 

The lobsters occur in limestone concretions 
concentrated in a thin interval in the upper 
Bearpaw Shale. Only a small percentage of 
concretions contain lobsters. The lobsters may 
be detected by exposed parts on weathered 
concretions or by breaking the concretions 
open. Only one concretion (B-3G194) contain- 
ing a lobster (USNM 239933) also contained 
remains of another taxon, a crab. 

At the shore line of Ft. Peck Reservoir, the 
concretions are concentrated as a lag deposit 
by wave action. These lag deposits are spec- 
tacular collecting sites, where numerous 
specimens may be collected in a short time. 

Shale containing the small, weathered, gray 
fossiliferous concretions was observed a t  sev- 
eral places. Locality B-29 occurs at  an eleva- 
tion of 758 m (2,500 ft), high on a ridge west of 
Ft. Peck Reservoir. Specimens from the Pines 
Recreation Area B-22 occur above lake level 
a t  663 m (2  176 ft) and those a t  locality B-30 on 
the east side of the lake occur a t  lake level. A 
three point solution demonstrates that these 
three localities lie in a surface that very closely 
approximates the regional dip as shown by the 
structure contour map of Jensen & Varnes 
(1964). Although it could not be demonstrated 
conclusively that it is a single horizon, a t  least 
the horizon(s) is confined to the lower part of 
the upper unit (unit 6) of Jensen & Varnes 
( 1964). 

At both localities the interval of small gray 
concretions was overlain by numerous larger 
concretions up to 1 m in diameter scattered 

E 

B e a r p a w  Sh : 

TEXT-FIG.1-East-west stratigraphic cross section 
of Montana Group (along line W-E, Text-fig. 2 )  
showing the interval from which lobsters have 
been collected (horizontal line of dots and stars) 
and the approximate position (vertical row of 
dots) of Jensen & Varnes' (1964) composite strati- 
graphic section (Text-fig. 3). Nonmarine beds are 
shown by coarse stipple, shallow marine beds by 
fine stipple, and marine shales as unpatterned 
areas. Modified from Gill & Cobban, 1973, fig. 
20. 

through the shale. A few lobsters were found 
a t  each locality in the larger concretions. 

Most of the concretions that contain lobsters 
(Pl. 2 ,  fig. 6) are prolate ellipsoids with the 
long axis 1.5-3.0 times the smallest axis 
(Text-fig. 4, Table 2). The cross-sectional 
shape of the concretions is nearly circular but 
slightly flattened (Text-fig. 5 ,  Table 2). 

The surfaces of the lobster-bearing concre- 
tions tend to be rough and pock marked. In a 
few cases, solution fissures have developed 
along traces of fractures in the concretions. 
There is a tendency for the concretions to ex- 
foliate as they weather forming a rough sur- 
face characterized by conchoidal fractures. As 
weathering continues, the outside changes 
from a hard gray argillaceous limestone to a 
light clayey material. This weathering rind is 
usually 2-3 mm thick but can be as much as 
5-7 mm thick. 

The  concretions are often described as 
limestone concretions (Jensen & Varnes, 1964, 
p. F7). A piece of fresh concretion freed from 
specimen B-30-23 was digested in 10% HC1 
and the insoluble residue, which consisted of 
gray clay, comprised 27%, by weight, of the 
sample. 
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TEXT-FIG. 2-Ft. Peck collection sites (circled star) in relation to the strand line during the time the 
lobsters lived (Be = Zone of Baculites eliasi, approx. 7 1 my BP) and in relation to the strand line during 
two subsequent baculite zones (Bb = Zone of Baculites baculus, approx. 70.5 my BP, and Bg = Zone of 
Baculites grandis, approx. 70 my BP) during progradation of the Sheridan Delta. The direction of strand 
line movement is indicated by barbs. Line of cross section W-E (Text-fig. 1) is indicated on the map. 
Modified from Gill & Cobban, 1973, figs. 18 and 19. 

PRESERVATION basis of relative visibility in the prepared con- 
The fossil lobsters from the Ft. Peck area cretions. The relative orientation of the claws, 

(Locality B-30) were studied in detail to ascer- cephalothorax and abdomen were observed 
tain the conditions of preservation. The de- and qualitatively described. The  claws, 
ductions made from the fossils of this large cephalothorax and abdomen are almost al- 
collection are generally applicable to the other ways articulated and aligned. The claws are 
lobster sites of this study. They consist predom- usually stretched out in front of the 
inantly of complete animals (Table 3) in cephalothorax and lie side by side and the 
which the chelae, cephalothorax and abdomen plane of each claw is horizontal. In a few cases 
are articulated. Only minor effects of crushing the claws are stacked one above the other, tip- 
or disarticulation were observed. ped slightly out of the horizontal plane of the 

An attempt to characterize the burial posi- cephalothorax, or oriented with the plane of 
tion of the fossil lobsters was made by examin- the claw nearly vertical. Less commonly the 
ing 44 specimens (Table 3) selected on the arms are rotated and have come to rest be- 

TEXT-FIG. 3-Composite measured section for Ft. Peck area, along vertical row of dots in Text-fig. 2 .  
Vertical scale indicated between units 2 and 3 .  Modified after Jensen & Varnes, 1964, pl. 2 .  
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TEXT-FIG. 4-Plot of longest (Al) and shortest (A,) 
axes of 25 lobster-bearing concretions (Table 2) 
illustrating the prolate nature of the concretions. 
Ratios of maximum length to minimum length of 
3:1, 2 : 1 ,  and 1:l are indicated by lines. Scale in 
cm. 

neath the cephalothorax (Pl. 1, fig. 7). In all 
cases the moveable finger was preserved in ar- 
ticulation and the fingers of the claws were 
closed or nearly closed (Pl. 2 ,  fig. 9). 

The cephalothorax in most cases is pre- 
served in its normal position on the sternum, is 
seldom crushed and shows little evidence of 
longitudinal splitting. The internal skeleton is 
preserved in a few specimens (Pl. 2 ,  figs. 1, 2). 
Some are hollow or filled with euhedral crys- 
tals of barite. Crushed specimens are usually 
crushed from above and the carapace is 
pushed into the horizontal plane of the 
cephalothorax (Pl. 2 ,  fig. 3). Few specimens 
were laterally compressed. One specimen is 
preserved on its side with both claws out-
stretched and rotated into the vertical plane of 
the animal and the abdomen tightly folded 
with the telson flattened toward the vertical 
plane of the animal. 

The abdomen, a very flexible part of a lob- 
ster, is found in several positions but with a 
surprising consistency for an element that 
could have been preserved in many positions 
(Table 3). 

N=255 I I 1 1 ~ 1 1 1 

5 10
As 

TEXT-FIG. 5-Plot of intermediate (Ai) and shortest 
(A,) axes of 25 lobster-bearing concretions (Table 
2 )  illustrating the slight flattening of the nearly 
cylindrical concretions. One to one ratio of inter- 
mediate to shortest axis indicated by line. Scale is 
in cm. 

Walking appendages are preserved in sev- 
eral specimens and in most cases are directed 
forward and in close proximity to the body. 
The previously described pock marks on the 
concretion surfaces are developed around 
walking legs exposed a t  the surface of the con- 
cretion. 

The exoskeleton is preserved as a resinous 
brown material if the entire thickness of exo- 
skeleton is preserved. If not, it is defined by a 
thin resinous black material or as a very thin 
black film. The exoskeleton has, in all cases, 
decomposed somewhat. The specimens are 
almost all filled with the same argillaceous 
limestone as the exterior of the concretion. A 
few specimens are hollow or partly filled. One 
specimen is partly filled and the limestone 
forms a geopetal structure that indicates the 
animal was buried right-side-up. Hollow 
specimens often have a layer of drusy calcite 
lining the interior of the specimen. In several 
"hollow" specimens the empty space is filled, 
or partly filled, with euhedral barite crystals. 

The sediment in and around the concretions 
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TABLE 2-Summary of dimensions of lobster-bearing TABLE 3-Mode of preservation of specimens collected 
concretions. from locality B-30. 

Stan-
dard 

Mini- Maxi- Devi-
Axis mum mum Mean ation 

Long (A,), 
Intermediate (Ai) 

9.2 cm 
6.0 cm 

29.0 cm 
16.2 cm 

17.7 cm 
9.7 cm 

2.5 cm 
2.4 cm 

Short (A,) 5.8 cm 12.8 cm 8.9 cm 1.9 cm 

is a homogeneous argillaceous limestone. Peels 
made of the limestone, and etched polished 
sections have demonstrated the presence of 
burrows and a few fecal pellets. 

SYSTEMATIC PALEONTOLOGY 

Order DECAPODA Latreille, 1803 
Suborder PLEOCYEMATA Burkenroad, 

1963 
Infraorder ASTACIDEA Latreille, 1803 

Family NEPHROPIDAE Dana, 1852 
Genus PALAEONEPHROPS Mertin, 194 1 
PALAEONEPHROPSBROWN1 (Whitfield) 

P1. 1, figs. 1-7; P1. 2 ,  figs. 1-9 

Hoploparia browni WHITFIELD,1907, p. 459, P1. 
36; GLAESSNER, & VARNES,1929,p. 217; JENSEN 
1964, p. 8, 10. 

Hoploparia westoni Woodward. RATHBUN, 1930, 
p. 181. 

Palaeonephrops browni (Whiffield). MERTIN, 194 1, 
p. 168; WOODS, 1957, p. 156; GLAESSNER, 1969, 
p. R458, fig. 264, 2 .  

Descript ion. -Rostrum long, slender,  
curved down with a single pair of spines near 
terminus; postcervical furrow (c) strong, ex-
tends from median line ventrally and an-
teriorly for ?4 the height of cephalothorax 
where it curves anteriorly and diminishes in 
size disappearing at about $4 the distance be- 
tween the flexure in postcervical furrow and 
cervical furrow ( ee l ) ;  +el extends from below 
median line, ventrad to two rows of spines on 
dorsal surface, curves anteriorly and ventrally 
extending to the level of "adductor testis" 
attachment (x) where it terminates; bran-
chiocardiac furrow (a) very weak, dorsad to a 
row of spines on thorax, curves posteriorly and 
dorsally from postcervical furrow and termi- 
nates abruptly within a short distance; hepatic 
furrow (bl) strongly defined, extending from 
flexure in postcervical furrow to base of x 
where it curves anteriorly and dorsally closing 
on +el; mandibular joint covering (w) and x 

Num- Per-
Characteristic ber cent 

NUMBER OF SPECIMENS 
1. Recognizable lobster specimens 44 
2. Specimens adequate for description 

A. One lobster per concretion 32 86 
B. Two lobsters per concretion 	 5 14 

TOTAL 37 100 

COMPACTION 
1. Little or no compression 21 58 
2. Dorsal-ventral crushing 5 14 
3. Dorsal-ventral compression 5 14 
4. Lateral compression 	 5 14 

TOTAL 36 100 

COMPLETENESS 
1. Chela(e)-cephalothorax-abdomen 24 75 
2. Chela only 	 5 16 
3. Cephalothorax-abdomen only 	 3 9 

TOTAL 32 100 

CHELA (E)-CEPHALOTHORAX 
RELATIONSHIP 
1. Claws in plane of cephalothorax 14 74 
2. Claws not in plane of cephalothorax 	 5 26 

TOTAL 19 100 

POSITION OF ABDOMEN 
1. Arched 	 5 15 
2. Level (PI. 2 ,  fig. 2) 14 42 
3. Humped (PI. 3, fig. 8) 4 12 
4. Coiled (PI. 4, fig. 6) 	 10 30 

TOTAL 33 100 

form prominent protuberances; median line of 
entire cephalothorax a spinose ridge; four sub- 
parallel, longitudinal nodose ridges on each 
side of median line on cephalic region, extend- 
ing from anterior dorsal margin to c; two 
ridges of spines with 8-10 spines per row pos- 
teriorad from rostrum, third row of spines with 
6-7 spines per row posteriorad from center of 
orbits, fourth row of spines with 5-7 spines per 
row posteriorad from base of orbits; thoracic 
portion of cephalothorax with longitudinal 
ridges surrounded by a row of 12 spines on 
each side of median line, extending posteriorly 
and dorsally from just posteriorad of flexure in 
c to a point adjacent to median line, extends a 
short distance parallel to median line, curves 
posteriorly and ventrally closing on posterior 
margin; thorax with uneven granulations, just 
ventral to spine row the granulations are 
coarse and widely spaced, about ?4 the dis- 
tance from median line to ventral margin 
granulations are less coarse and more closely 
spaced, about % the distance from median line 
to ventral margin the granulations are fine and 
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more closely spaced, just dorsad of ventral 
margin granulations are very fine, disappear- 
ing a t  ventral margin. Marginal groove prom- 
inent on posterior margin, becoming weaker 
on posteroventral surface. 

Endophragmal skeleton weakly calcified, 
about twice as long as high; anterior margin 
subjacent postcervical and hepatic grooves, 
strongly folded producing a deep groove be- 
tween anterior edge and somite of third maxil- 
liped (mxp,); dorsal and posterior margins 
broken and indistinct; ventral margin a series 
of six arcuate segments defining thoracic so- 
mites VIII-XIII; mxp, large, quadrate, with 
long axis inclined toward the anterior, sepa- 
rated from the periopodal somites by a plat- 
form which may represent the anteriormost 
portion of first periopodal somite (p,); p, the 
largest somite, long axis inclined toward the 
anterior; p, and p3 nearly equal in size, long 
axes nearly vertical; p4 slightly smaller, in- 
clined toward the posterior; p5 small, strongly 
inclined toward the posterior. Pleurobranchial 
openings (p1,-pl,) developed on last four 
somites, large, subcircular; pl, located near 
anteroventral edge of somite; p13 located near 
ventral edge just posteriorad the midline; p14 
located near middle of somite; p15 located 
along ventral margin posteriorad midline. 
Mandibular insertion and mouth parts poorly 
preserved. 

Abdomen with dorsal keel extending the 
length of terga; articulating elements smooth; 
tergum of first somite reduced; second somite 
slightly larger in size than remaining ones; 
terga of second through fifth somites with 
diagonal furrow and ridge extending an-
teriorad and dorsad from point of articulation 
on the posteroventral margin and expressed as 

a broadly depressed area on dorsal surface of 
terga; boundary between terga and pleura of 
all six somites expressed as a spinose ridge ex- 
tending between points of articulation; terga of 
first through fourth somites generally smooth 
except for dorsal keel and lateral ridge; terga 
of fifth and sixth somites pustulose; tergum of 
sixth somite generally flattened, dorsal keel 
crudely expressed as a row of spines, a 
diagonal row of tubercles extends from near 
center of anterior margin to posterolateral 
margin of this somite; pleura of second 
through sixth somites pustulose with a row of 
pustules trending parallel to dorsal-ventral 
axis, the ventral one of which is most promi- 
nent; pleuron of second somite about as wide 
as high, terminating in a posteriorly directed 
spine, pleura of remaining somites slightly 
higher than wide and drawn into a pointed 
termination. 

Telson subrectangular, lateral margins 
slightly curved, posterior margin convex; two 
large nodes near anterior margin at  apex of 
three shallow grooves that radiate from nodes, 
bounded by subparallel rows of 5-6 small 
spines, lateral borders slightly elevated and 
separated from remainder of telson by shallow 
sulci. Uropods ovoid, endopod with two prom- 
inent ribs radiating from point of articulation; 
exopod smooth, jointed. 

Chelipeds extremely variable, ranging from 
long, slender "nephropine" forms as much as 
three times as long as cephalothorax to some- 
what shorter, very stout "homarine" forms; 
right claw most often the major claw with 
broad, dome-shaped crushing teeth, the left 
commonly smaller with finer, elongate cutting 
teeth, claw size relative to cephalothorax size 
highly variable; merus long and stout, or-

EXPLANATIONOF PLATE1 

All figures X 1. 

FIGS. 1-7-Palaeonephrops browni (Whitfield). 1,2, dorsal and left lateral view of syntype, AMNH 
9572, showing nearly complete cephalothorax, with rostrum missing, abdomen, and telson; 
3, left lateral view of abdomen of syntype, AMNH 32480, showing details of ornamentation 
of the pleura; 4,  upper surface of right(?) cheliped of syntype, AMNH 32482, showing long, 
slender fingers; 5, dorsal view of a dorso-ventrally compressed specimen, USNM 239929, 
showing well defined longitudinal nodose ridges on the cephalic region; 6, posterior view of 
abdomen, telson, and left uropod of AMNH 32484, showing details of ornamentation of the 
telson; 7, nearly complete specimen, USNM 239933, showing cephalothorax with rostrum, 
abdomen, part of the telson, left uropod, and major cheliped. Note that the cheliped, with 
fingers longer than the cephalothorax, has been rotated and folded beneath the carapace. 
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TABLE 4-Summary of measurements taken on 23 specimens of Paraeonephrops browni. Abbreviations for mea- 
surements are illustrated in Text-figs. 6A-C and 7. L, = length of carapace measured from posterior margin of 
orbit to posterior edge of carapace; L2 = length of posterior part of carapace from dorsal trace of postcervical 
groove to posterior edge of carapace; L3 = carapace length measured from junction of cervical and hepatic grooves 
and posterior edge of carapace; L, = length of rostrum; HC = height of carapace; LA,-, = length of abdominal 
segments measured along dorsal midline and excluding articulating element; HA = maximum height of the abdomen; 
WA = maximum width of the abdomen; L T  = length of telson; WT = width of telson; L and W applied to seg- 

ments of the cheliped are measured as indicated in Text-fig. 6C. All measurements are in mm. 

Carapace Abdomen Telson 
Catalogue 
Number L, L2 L3 L4 HC LA, LA2 LA3 LA4 LA5 LA6 HA WA LT WT 

AMNH 9572 52.1 26.8 38.8 - 20.6 2.1 7.4 6.7 7.2 7.4 13.2 18.1 24.1 - -
AMNH 32480 - - - - - 1.5 6.3 6.6 6.0 6.5 9.1 13.6 19.1 >12.7 14.1 
AMNH 32483 40.6 20.1 30.8 - 13.9 -
AMNH 32484 - - - - - 1.5 6.8 7.0 7.7 7.8 10.7 16.0 20.5 14.7 15.1 
AMNH 32485 60.0 31.6 44.6 - - 3.6 8.1 - - - - - 27.9 - - 
USNM 239919 - - - - - 1.8 5.8 5.8 7.4 - - 11.3 21.7 - -
USNM 239920 - - - - - 1.7 6.1 7.5 7.5 9.0 10.0 13.5 21.0 >>6.0 >8.6 
USNM239921 45.9 23.4 35.0 - 20.4 1.7 6.5 6.5 8.1 7.5 >9.0 15.0 17.6 - -
USNM 239923 - - - - - 2.3 7.4 8.8 7.9 - - 14.7 24.2 - -
USNM 239924 - - - - - 1.7 7.9 6.0 8.7 - - 15.4 21.4 - -
USNM 239925 - - - - - 2.0 5.9 6.5 7.3 6.9 11.2 14.6 17.2 >10.0 11.2 
USNM 239927 46.3 23.1 34.0 - 23.3 - - - - - - - - - - 
USNM 239928 35.0 15.2 26.6 - 15.0 1.5 4.3 4.0 5.8 - 8.5 12.2 15.8 >>6.5 10.7 
USNM 239929 45.0 21.0 31.0 - - 2.5 7.7 7.7 8.0 >6.8 - 15.4 21.9 - -
USNM 239930 42.1 22.0 32.0 - 21.6 2.1 7.3 7.4 8.6 8.9 11.2 18.2 18.0 >13.7 14.0 
USNM239931 38.2 19.1 29.7 - - 1.4 3.1 5.0 8.3 9.4 >7.7 >14.1 18.6 - -
USNM 239932 55.0 28.1 40.3 - 26.9 2.5 8.3 8.4 9.5 >7.3 - 17.6 23.1 - -
USNM239933 51.2 26.1 37.1 14.1 26.6 2.5 7.2 7.6 8.5 8.8 11.3 16.9 17.3 - -
USNM 239934 32.7 15.9 - - - 1.4 5.8 6.3 6.2 6.5 9.1 11.0 16.0 11.7 10.9 
GSC 45739 - - - 18.3 - - - - - - - - - - -
GSC45740 - - - - - 1.9 4.9 6.7 8.2 - 10.4 14.5 15.4 >12.1 -

Chelipeds 
Dactylus Fixed Finger Carpus Merus Ischium 

Catalogue 
Number L W L W L W L W L W 

AMNH 32482 >24.7 2.5 29.5 3.0 9.1 4.4 - - - -
GSC 45739 >49.9 5.7 >51.3 5.7 18.1 19.0 24.3 17.7 6.4 6.6 
USNM 239935 >71.0 10.0 >69.3 7.8 - - - - - -
USNM 239933 >75.0 6.9 >>43.3 7.0 13.2 11.3 23.6 11.9 13.4 10.0 
USNM 239936 >>62.7 10.0 >>62.0 12.4 - - - - - -

namented with a row of 5-6 spines along the longer than wide, heavily ornamented with 
inner lateral margin; carpus about half the spines, several rows along inner lateral mar- 
length of merus, ornamented with a row of gin; propodus more than twice as long as 
four spines along inner lateral margin; manus manus, much longer than wide, coarsely 

All figures x 1, unless indicated. 
FIGS. 1-9-Palaeonephrops browni (Whiffield). I ,  stereo-pair of right lateral view of USNM 239932, 

showing endophragmal skeleton; 2 ,  line drawing of the endophragmal skeleton outlined by 
the margin of the cephalothorax; mxp, = somite of the third maxilliped, p,-, = periopodal 
somites, PI,-, = pleurobranchial openings; 3 ,  right lateral view of a dorsoventrally com- 
pressed specimen, USNM 239928, showing the highest degree of cephalization (1.75) of any of 
the specimens studied; 4,  left lateral view of cephalothorax and abdomen of a specimen, 
USNM 239930, with the abdomen in the humped position; 5 , small right cheliped, B-30-90, 
showing nephropine form of denticles; 6 ,  side view of unprepared concretion, B-3C-106. 
Cross section of claws are exposed as indentations, X0.43; 7,8, right lateral and dorsal 
cephalothorax, USNM 239927, showing typical groove pattern; 9, dorsal view of cepha- 
lothorax, part of abdomen, and left cheliped of specimen, AMNH 32485, with an un- 
usually small, probably regenerated, limb. 
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Catalogue 

Number 


AMNH 95 7 2 
AMNH 32480 
AMNH 32483 
AMNH 32484 
AMNH 32485 
USNM 239919 
USNM 239920 
USNM 23992 1 
USNM 239923 
USNM 239924 
USNM 239925 
USNM 239927 
USNM 239928 
USNM 239929 
USNM 239930 
USNM 239931 
USNM 239932 
USNM 239933 
USNM 239934 
GSC 45740 

TABLE5-Ratios used in bivariate analysis of Pa1aeonephro)s browni. 

LI WA H LAl-LA4 
LdL, H LAl-LA, .ZLA,-LA, HA WAIHA L,IHC HCIHA

~ -

1.45 2.33 1.03 
0.94 

1.53 
0.89 

1.41 
1.04 
0.92 

spinose along outer lateral margin; dactylus 
much longer than wide, no spines present; 
both fingers with prominent denticles. Other 
walking legs poorly known, but more slender 
than chelipeds. 

Remarks.-Twenty-three specimens of P .  
browni were measured and statistically ana- 
lyzed to determine the range of morpholog- 
ical variation within the species (Tables 4, 5; 
Text-fig. 6). Twenty-seven parameters were 
measured, five from the carapace (Text-fig. 
6A), 10 from the abdomen (Text-figs. 6A, 6B), 
and 1 2  from the chelipeds (Text-fig. 6D). None 
of the specimens are completely preserved al- 
though several yield complete cephalothorax 
and abdominal measurements. 

Table 4 summarizes the measurements 
made during the study. Even though all the 
specimens were sexually mature, a broad 
range in size is apparent. 

Table 5 shows seven ratios involving 10 
parameters. These ratios were used for 
bivariate analysis of the specimens. In ratios 

1.30 1.33 2.53 1.14 
1.50 1.40 

2.92 
1.44 1.28 

1.84 1.92 
1.69 1.55 

involving the length of the abdomen only the 
lengths of the first four somites were used 
(xLAI-LAI). Of those specimens possessing an 
abdomen, nearly all had the first four somites 
preserved; several, however, lacked the last 
two somites. The ratio L3/L2 is here defined as 
the degree of cephalization. L, as defined in 
Text-fig. 6A is the distance between the junc- 
tion of the hepatic and cervical furrows and 
the posterior margin of the cephalothorax. L2 
is the distance between the dorsal termination 
of the postcervical furrow and the posterior 
margin of the cephalothorax. I t  would be ex- 
pected that as a lobster became more 
cephalized through time this region would 
move in an anterodorsal direction, thus in- 
creasing the length of Lg relative to L2. This 
would yield a larger value of the ratio L3/L2. 

Several scatter diagrams with plotted 
growth lines are shown in Text-figs. 6D-G. 
The growth lines are of the form y = mx + b 
and were calculated by means of a linear re- 
gression series. The valuer equals the correla- 

TEXT-FIG. 6-Summary of bivariate analysis on Palaeonephrops browni. A X ,  Line drawings of the 
cephalothorax, abdomen and cheliped showing the position of measurements given in Table 4; D, plot of 
LI against LD showing the nearly constant degree of cephalization; E, plot of L, to xLAl-LA4 showing 
the good correlation between length of cephalothorax and length of abdomen; F ,  plot of WA to 8LA1- 
LA,. Poor correlation is due to compression during preservation; G ,  plot of BLA1-LA, against HA. 
Relatively low correlation is due to compression during preservation; H, plot of HA against WA. There 
is no meaningful correlation because of lateral and dorsal-ventral compression during preservation. 
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tion coefficient. The growth lines are straight 
rather than logarithmic because of the absence 
of larval and juvenile forms. There is no 
growth line present in Text-fig. 6H because of 
the low value of r (0.347). Furthermore, the 
growth lines in Text-figs. 6E-G have an r 
value of less than 0.90. The four values of less 
than 0.90 are due to the poor preservation of 
the specimens. Due to the fragile nature of the 
chitinous exoskeleton, the specimens were eas- 
ily damaged by compression, crushing, and 
subsequent fragmentation during preserva-
tion. Compressed specimens remained intact 
but the shape was altered. Crushing not only 
changed the shape, but fractured the material 
and caused fragmentation of the specimens. 
All these factors made the determination of the 
true measurements impossible. The measure- 
ments in Table 4 are the actual measurements 
taken from the specimens. 

Measurements of lengths are most reliable 
because no anterior-posterior compression was 
observed. The high r values of Text-figs. 6D & 
E, 0.991 and 0.815 respectively, support this 
observation. Measurements of height and 
width are less reliable due to dorsal-ventral 
and lateral compression. 

The degree of cephalization remains con-
stant during growth of the adult form 
6 = 1.50). All of the specimens, except 
USNM 239928, are within one standard de- 
viation of x (6 = 0.10). The degree of cephali- 
zation of USNM 239928 is 1.75. I t  is not 
known why this specimen (Pl. 2 ,  fig. 3) has 
such a high degree of cephalization. 

Measurement made of L2 and L3 are very 
dependable, because these two parameters are 
the least affected by mode of preservation, and 
are well preserved. Because the degree of 
cephalization is easily calculated, and these 
calculations are very dependable, it is hereby 

t 


proposed that various taxa within the Neph- 
ropidae may be compared using the degree of 
cephalization as a standard. I t  may be of some 
aid in tracing the evolutionary lineages within 
the family. 

Part of the purpose of using statistical 
methods in the study of P. browni was to de- 
termine if sexual dimorphism was demonstra- 
ble. On the basis of the data obtained from this 
study it was not possible to define sexual di- 
morphs among the available specimens. If 
present, dimorphism is obscured by crushing 
and distortion of the specimens. I t  is also pos- 
sible that improper characters were chosen for 
the study. The inability to distinguish di-
morphs can be explained in one of three ways: 
only specimens of one sex are preserved, the 
two sexes are so completely different in mor- 
phology that they have been identified as two 
separate species, or the sexes are in fact similar 
in morphology of the exoskeleton, contrary to 
modern nephropids. The available evidence 
would seem to indicate the latter as the most 
probable case. Jenkins (1972) was able to dif- 
ferentiate sexual dimorphism in Metanephrops 
monunauensis based on the ornamentation of 
the abdominal somites. Comparison of the or- 
namentation among different specimens of P. 
browni shows it to be remarkably constant as 
are other morphological features such as the 
shape of the pleura. 

The relationship of the cheliped size to the 
size of the cephalothorax is not as constant, 
however. The length of the cephalothorax, 
measured from the base of the orbits to the 
posterior margin varies from about 3 cm to as 
much as 6 cm whereas claws of the same 
specimens range from about 4.5 cm to 11 cm. 
A single specimen, probably a right claw of 
this species, measures more than 2 1 cm. Poor 
preservation of this specimen, however, pre- 

EXPLANATION 3OF PLATE 
All figures x 1 ,  unless indicated. 

FIGS. I d - H o p l o p a r i a  bearpawensis n. sp. 1-3, left lateral dorsal, and right lateral view of cephalothorax 
and abdomen of the holotype, USNM 239937; 4-6, left lateral, dorsal, and right lateral view 
of cephalothorax of the paratype, USNM 239938. 

7 4 - 4 i n u p a r u s  pustulosus n. sp. 7,8, dorsal and right lateral aspect of abdominal somites three 
through six of holotype, AMNH 32486; 9, left pleuron of somite four showing spinose margin, 
x 3 .  Inked line lies just outside actual margin of pleuron. 

10-Fragment of bryozoan, Berenicea? sp., preserved in the same concretion as L. pustulosus, 
x 3 .  
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cludes positive identification. Regardless of its 
identity, both the total size of claws and the 
morphology of claws, in terms of denticle 
morphology and overall shape, vary so widely 
that isolated claws are difficult to assign to the 
species with certainty. Whitfield (1907, p. 36, 
fig. 4) illustrated a claw from the type series 
that appears to have an extremely long, 
smooth fixed finger and a shorter moveable 
finger with a small, chelate termination. Al- 
though this type of aberrant growth form can 
be observed on recent specimens of Homarus 
americanus whose claws have been damaged, 
careful examination of Whitfield's material 
strongly suggests that this interpretation is 
unwarranted. That portion of the moveable 
finger is preserved as a mold of the exterior 
and the small "chelate" region appears to be a 
depressed area on the finger, possibly pro- 
duced by crushing during preservation. Simi- 
larly, the segmented appearance of the fixed 
finger in the same illustration is a product of 
preservation. Apparently, cracks developed 
transverse to the long axis of the finger and 
were subsequently filled with manganiferous 
material which now stands in relief. 

Genus HOPLOPARIAMcCoy, 1849 
HOPLOPARIABEARPAWENSIS Feldmann n. sp. 

P1. 3, figs. 1-6 
Description.-Moderate size for genus; 

rostrum and anterior margin missing, ceph- 
alothorax at least 1.7 times as long as high 
with deepest part along a vertical axis through 
median line at dorsal extremity of postcervical 
groove; postcervical groove (c) broad, deep, 
well defined with most prominent expression 
on medial axis becoming weaker as it curves 
ventrally and anteriorly at a point 215 the 
height of carapace disappearing posterior to 
cervical groove (e-el); cervical groove promi- 
nent, extending ventrally from near the mid- 
line, at the level of the flexure in c, to the level 
of the flexure in the hepatic groove (bl) where 
it curves anteriorly and merges into the anten- 
nar groove (b) which diminishes slightly in size 
anteriorly; hepatic groove extends ventrally 
and anteriorly from near the terminus of c to a 
point about 3/4 the distance from the dorsum to 
the center where it curves abruptly anteriorly 
and dorsally to merge with e e l  at  the point of 
junction of that groove with b; cephalic region 
generally smooth with very fine, uniformly 
spaced setal pits; 2 suborbital spines developed 

anterior from e e l  at level of termination of c; 
a single supraorbital spine located just anterior 
to dorsal terminus of e e l ;  2-3 smaller spines 
on area between e-el-and c; "adductor testis" 
region (x) and mandibular loint covering (o) 
both prominent swellings. Thoracic region 
very finely pitted along dorsal surface above 
position of very weakly developed bran-
chiocardiac groove (a) and more coarsely pit- 
ted on branchiostegite; prominent spinose keel 
defines the midline; girdle-like swelling just 
posterior to c, weakly defined on smaller 
specimen and prominent on larger one, with a 
single spine at each termination of swelling; 
entire posterior and ventral margin of 
cephalothorax marked by a shallow groove 
and thickened margin: first five and a broken - ,  

portion of sixth abdominal somites s reserved 
on the larger specimen; first somite small, dis- 
placed under carapace; second somite similar 
in size to remaining ones, terga of second 
through fifth somites with coarsely reticulate, 
raised triangular area defined by the posterior 
edge of tergum and ridges extending from 
points of articulation on posteroventral margin 
of tergum to point near anterior edge of somite 
along dorsum, remainder of tergal surfaces 
smoother, slightly depressed, with a single 
prominent node near anteroventral margin; 
pleuron of second abdominal somite about % 
as high as wide, smoothly rounded on anterior 
ventral margin and drawn into a small pos- 
teriorly directed spine on posteroventral mar- 
gin, remaining pleura about l .5 times as long 
as wide, drawn into sharp points; telson and 
uropods missing. Part of ischium and merus of 
first right cheliped preserved, about 3 times as 
wide as high, finely rugose; fragments of walk- 
ing legs about 115 the width of first cheliped. 

Measurements.-Measurements in milli- 
meters are given in tabular form in Table 6 
and illustrated in Text-fig. 7. 

Etymology.-The trivial name was taken 
from the name of the rock unit, the Bearpaw 
Shale, from which the type material was col- 
lected. 

Age.-The type material was collected from 
"unit 6," the uppermost unit of the Bearpaw 
Shale (Jenson & Varnes, 1964) which, based 
on associated ammonites, is latest Campanian 
(Late Cretaceous). 

Type locality.-The holotype, USNM 
239937, and paratype, USNM 239938, were 
collected from locality B-30 (Table 1). 
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TABLE6-Summary of measurements taken on the holotype and paratype of Hoploparia bearpawensis. For ex-
planation of abbreviations, see caption for Table 4. All measurements are in mm. 

Catalogue 
Number LI L, LS HC LA, LA, LA3 LA4 LAs HA WA 

USNM 239937 39.4 19.8 30.4 21.2 1.6 5.0 5.2 4.9 4.1 18.7 19.2 
USNM 239938 38.6 18.6 29.6 25.0 

Repository.-The holotype, USNM 239937, 
and paratype, USNM 239938, are deposited 
in the Division of Invertebrate Paleontology of 
the U.S. National Museum of Natural History, 
Washington, D.C. 

Remarks.-Although this species possesses 
essential morphological characters to place it 
in the Homarinae and, more specifically, as-
sociate it with species referred to Hoploparia, it 
differs from all known species in several rather 
significant ways. The hepatic furrow is rather 
deeply incised throughout its length and trends 
more anteriorly than does that of other species 
in the genus. In  the type species, H. lon-
gimanus, for example, the hepatic furrow 
trends nearly parallel the dorsoventral axis 
until it reaches the point where it curves 
abruptly toward the anterior near its ventral ex- 
tremi'ty. The angle between the dorsal-ventral 
axis and the hepatic furrow in H .  bearpawen- 
sis is approximately 40". Although no quan- 
titative assessment has been made, it appears 
that H .  bearpawensis attains its greatest height 
more toward the front of the carapace than in 
other species in the genus. The deepest portion 
of the carapace lies along a line drawn through 
the dorsal extremity of the postcervical groove 
while the deepest part of other species 
examined appears to be along a line through 
the thoracic region posterior to the postcervi- 
cal groove. 

Although the carapace is relatively smooth, 
a prominent spinose ridge ornaments the dor- 
sal surface of ihe thorax, This feature, clearly 
not a function of preservation, is exhibited on 
no other species in the genus and most closely 
resembles a structure seen on the thorax of 
Palaeonephrops browni. This character, above 
all else, serves to distinguish this species from 
all others. It ,  in turn, cannot be confused with 
P. browni in that this is virtually the only 
character they have in common. 

The abdominal region, again, shows several 
characters distinguishing this species from all 
others. Although a slight raised, triangular re- 

gion can be observed on the tergum of H .  lon- 
gimanus and on that of an unnamed specimen 
(USNM Acc. No. 280108) from the Wenonah 
Formation, Monmouth Co., New Jersey, none 
show it as prominently asH,  bearpawensis. By 
contrast, the tergal surfaces of most species are 
generally smooth. Similarly, the pleura of the 
third through fifth somites are much longer 
and narrower than those of any other species 
known. Spinose terminations on these same 
pleura of most species tend to be directed to- 
ward the posterior, while in H .  bearpawensis 
the spines are directed ventrally. 

Comparison.-The species that seems to 
most closely resemble this form is H .  gabbi 
from the Cretaceous of New Jersey (Roberts, 
1962), however, the resemblance is superficial. 
Although both are robust forms and are gener- 
ally smooth, H .  gabbi has a more nearly verti- 
cal hepatic furrow, lacks the keel on the dorsal 
surface of the abdomen and has broader and 
shorter pleura. Although the rostal ridges and 
spines of H .  gabbi are not observable on H .  
bearpawensis their absence may be due to pres- 
ervation. 

Infraorder PALINURA Latreille, 1803 

Family PALINURIDAE Latreille, 1802 


Genus LINUPARUS White, 1847 

Remarks.-Although the characters that 

have been taken to define this genus are 

TEXT-FIG.7-Line drawing of cephalothorax and 
abdomen of H. bearpawensis showing the posi- 
tion of measurements taken. Abbreviations used 
to describe the groove patterns are defined in the 
description. Measurements are defined in Table 
4. 
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TABLE 7-Summary of measurements taken on the holo- defined by Mertin (1941, p. 2 IS), but certainly 
type of Linuparus p2tstulosus n. sp. is not adequate to shed any light on the sub- 

Tergum Pleuron 

Somite Length1 Widthz Length3 Width4 

3 
4 
5 
6 

14.3 
13.9 

ca. 14 
17.7 

45.3 
44.2 
41.2 
37.9 

14.7 
14.2 
14.9 
14.3 

ca. 16 
ca. 16 
ca. 16 
ca. 16 

Measured along dorsal midline and excluding articu- 
lating ring. 

Measured between anterior points of articulation. 
Measured between anterior and posterior points of 

articulation on right margin. 
Estimated distance from points of articulation to base 

of pleuron. 

primarily features of the cephalothorax, (Mer- 
tin, 1941, p. 214; Glaessner, 1969, p. R473) 
the morphology of the abdomen clearly as-
sociates the specimen under consideration to 
the genus Linuparus. The two most significant 
characters are the presence of keels on the 
terga and, generally, the development of mul- 
tiple spines on the margins of the pleura. Very 
often three keels. ~ara l l e l  to those on the 
cephalothorax, c a i  be seen on the abdomina of 
representatives of Linuparus. On the specimen 
in question, the axial keel is well developed 
and oblique ridges are interpreted as lateral 
keels. These ridges trend from the posterior 
point of articulation of each tergum anteriorly 
and proximally to a point near the anterior 
margin where they curve anteriorly and dis- 
tally, terminating a t  the anterior point of ar- 
ticulation. The margins of the pleura bear 
three spines (Pl. 3, fig. 9) very similar in ap- 
pearance to those on L. trigonus, the living 
type species of the genus. 

The genus has been subdivided into four 
subgenera (Mertin, 1941, p. 215), two of 
which, L. (Podocratus) and L. (Linuparus) are 
characterized by having spinose pleura. The 
former, however, is restricted by Mertin to 
forms from E u r o ~ e  and Africa while the latter 
subspecies is restricted to the single recent 
form, the type species, which has no fossil rep- 
resentatives. All North American fossil s~ec ies  
are placed by Mertin in subspecies L. 
(Eolinuparus) and L. (Thenops) characterized 
by having rounded pleura. Glaessner (1969, p. 
R473-R474), on the other hand, retains L. 
(Linuparus) as defined by Mertin but places all 
fossil forms in L. (Podocratus). The specimen 
conforms most closely to L. (Podocratus), as 

generic categories in the genus. 
LINUPARUSPUSTULOSUS Feldmann n. sp. 

P1. 3, figs. 7-9 

Description.-Relatively large size for 
genus. Represented by abdominal somites 
three through six preserved as a mold of the 
interior covered by a thin layer of scleritized 
tissue. Third through fifth tergites about equal 
in length, sixth somewhat longer; width de- 
creases progressively from segment three 
through six. 

Anterior articulating ring of somite three 
short, about 16% total length of segment 
measured along dorsal midline, smooth, 
downturned; prominent axial ridge originates 
near anterior margin as low narrow rise be- 
coming narrower and higher posteriorly; a 
subtle ridge on each side of midline extends 
from posterior point of articulation about 2/3 
the distance from point of origin to midline a t  
which point it is deflected to terminate a t  an- 
terior point of articulation; a shallow, rela- 
tively smooth, groove follows the abaxial mar- 
gin of ridge and defines a triangular region the 
base of which is defined by continuation of 
groove defining boundary between tergum 
and pleuron. Sternum smooth, with no appar- 
ent spines. 

Pleura of third segment approximately 
trapezoidal, anterior margin a smooth raised 
ridge separated from remainder of pleuron by 
a groove which broadens distally to terminate 
a t  base of pleuron where ridge forms a spine; 
distal margin concave, defined by anterior 
spine and smaller spine on posterior distal 
margin; posterior margin with a single spine !4 
distance from distal termination to posterior 
point of articulation; distal and posterior bor- 
ders not defined by ridge; central field of 
pleuron broadly arched. Tergal and pleural 
surface covered by circular to ovoid pustules 
ranging in diameter from less than 1 to as 
much as 2 mm in diameter separated from one 
another by distances comparable to their 
diameter. 

Abdominal somites four and five similar to 
segment three except somewhat narrower. 
Somite six similar to preceding segments ex- 
cept longer, narrower, and flatter; ridge and 
triangular area on distal region of tergum of 
sixth somite less well defined; axial ridge 
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somewhat broader and more distinctly merg- 
ing with pustules adjacent to it. 

Measurements. -Measurements in milli- 
meters are given in tabular form in Table 7 .  

Etymology.-The trivial name alludes to 
the obvious ornamentation that serves as one 
of the significant characters. 

Age.-The specimen was collected from the 
Bearpaw Shale. From its association with 
Palaeonephrops browni in "unit 6" of Jensen & 
Varnes (1964), an age of latest Campanian 
(Late Cretaceous) is suggested. 

Repository.-The holotype and only speci- 
men, AMNH32486, is deposited in the Divi- 
sion of Fossil Invertebrates, American Mu- 
seum of Natural History, New York, New 
York. 

Type locality.-The holotype, AMNH32486, 
was collected by Barnum Brown in 1908 from 
a locality described on his field label as "near 
top of Pierre shale 40 miles southwest of Glas- 
gow, Montana, north side of Missouri" (Table 
1). 

Discussion.-A survey of other Cretaceous 
and Tertiary macrurans from North America 
indicates that the combination of large size, 
pustulose ornamentation, keeled midline, and 
multispined pleural margins renders this 
specimen unique. Determination of the nature 
of the surface ornamentation was hampered 
by exfoliation of most of the integument. 
However, certain areas on the specimen, no- 
tably on the sixth somite, possessed enough 
skeletal material to strongly suggest that the 
characters mentioned above are reflected not 
only on the interior of the exoskeleton but also 
on its exterior and that these characters are 
developed to about the same degree on the in- 
terior and the exterior. 

Linuparus adkinsi Rathbun (1935, p. 37) 
seems to be morphologically most similar to 
the species in question. Although members of 
this species are much smaller than those of L. 
pustulosus, they do show a granular ornamen- 
tation and triangular regions on the adaxial 
regions of the terga. Linuparus adkinsi, how- 
ever, has a crescentic region along the pos- 
terior margin of each tergal element that is not 
ornamented by granules whereas the same re- 
gion of L. pustulosus shows no differential or- 
namentation. Finally, the texture of ornamen- 
tation on L. adkinsi is much finer than that on 
L. pustulosus. 

Linuparus watkinsi Stenzel has three well 
developed keels on the abdomen and a multi- 
spined pleural margin. However, the keels are 
punctuated by prominent spines, not evident 
on L, pustulosus, and the remainder of the sur- 
face in L. watkinsi is finely granular (Stenzel, 
1945, p. 408-410). 

Similarly, L. canadensis (Whiteaves) pos- 
sesses spinose keels and a much more finely 
textured ornamentation than that seen on 
L. pustulosus. Linuparus vancouverensis 
(Whiteaves) has a less spiney dorsal keel but 
has prominent spinose lateral keels in addition 
to relatively fine surface texture. These two 
species have been identified in Upper Creta- 
ceous rocks from several widely spaced locali- 
ties in North America (Rathbun, 1935, p. 36) 
including an occurrence of L, canadensis from 
the Carlisle Formation in South Dakota. The 
specimens from South Dakota were originally 
described by Ortmann (1897) as Linuparus 
atavus, a species Rathbun determined to be 
synonymous with L. canadensis. Therefore, 
although these two forms are geographically 
and temporally rather closely associated with 
L, pustulosus, they could not be confused with 
it. 

The only organism intimately associated 
with this specimen is a portion of a bryozoan 
colony (Pl. 3, fig. 10) which has been tenta- 
tively identified (R. J. Cuffey, personal com- 
mun.) as Berenicea? sp. More precise identifi- 
cation must await detailed study by Cuffey. 
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