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ABSTRACT—The clypeasteroid echinoid Astrodapsis bajasurensis n. sp. is described from upper middle Miocene beds of the Isidro
Formation near the mouth of Arroyo Mezquital on the Pacific coast of north-central Baja California Sur, Mexico. The new species
is the first occurrence of Astrodapsis outside of California and extends the southern limit of the genus by 1,100 km.

INTRODUCTION

SPECIMENS OF the clypeasteroid echinoid Astrodapsis bajasur-

ensis n. sp. were found in the Isidro Formation at California
State University, Northridge (CSUN) locality 1495 on the south
side of Arroyo Mezquital about 13.5 km south of the village of
San Juanico on the Pacific Coast (Figure 1). The locality is near
the mouth of Arroyo Mezquital and is approximately at
112°21'15”"W and 26°13'11”N on the San Isidro, Baja California
Sur, Mexico, 1:250,000 quadrangle map (number NG 12-4),
issued in 1973 under the authority of the Instituto Panamericano
de Geografia e Historia. At this locality, which is just south of
the dirt road leading to the village of San Juanico, the Isidro
Formation is about 15 m thick and crops out in north-facing,
vertical to near vertical cliffs that are 40 m high. Pictures of the
cliffs in the vicinity of the locality are shown in Beal (1948, Pl.
7, fig. 1)and in McLean et al. (1987, fig. 4). The Isidro Formation
in this area unconformably overlies middle Eocene exposures
of the Bateque Formation (Squires and Demetrion, 1990, 1992).
The cliffs are usually too steep to allow direct sampling of the
Isidro Formation, but in a few places macrofossils can be col-
lected directly from the outcrops, which consist of several shell-
hash layers separated by grayish-green mudstone and sandstone
nearly barren of macrofossils.

McLean et al. (1987) reported that shell-hash beds in the
Isidro Formation vary widely in fossil content and each tends
to contain a different dominant genus. Similarly, at locality 1495
some of the shell-hash beds consist dominantly of large bar-
nacles or large oysters, whereas others consist dominantly of
pectinids or the new species of clypeasteroid echinoid. Speci-
mens of Astrodapsis bajasurensis n. sp. are present in all the
shell-hash beds throughout the 15-m-thick section of Isidro For-
mation at locality 1495. Some specimens of A. bajasurensis n.
sp. are encrusted by bryozoans, serpulids, or small barnacles.

Although the macrofossils in the shell-hash beds have obvi-
ously been transported, the distance of post-mortem transport
was not far, because most specimens do not show any significant
signs of abrasion or selective sorting. Other indications that the
distance of post-mortem transport was not far include some
closed-valved specimens of the pectinid bivalve Oppenheimo-
pecten vogdesi (Arnold, 1906) [=0. heimi Hertlein, 1925], some
closed-valved specimens of the large-sized oysterid bivalve
Crassostrea? eucorrugata Hertlein, 1934, and a partial growth
series of Astrodapsis bajasurensis n. sp. with specimens ranging
in length from 7.0 to 38.5 mm.

Collecting at locality 1495 is best done by walking along the
steep cliffs and examining the numerous fallen blocks that are
easily correlated with the outcrop. Specimens of the new species
of clypeasteroid can be extracted from these fallen blocks. Easier
collecting can be done where the blocks have fallen apart due

to weathering, and specimens lie loose on the ground. Most of
these specimens do have some rock matrix adhering to the test,
but some specimens are free of any rock matrix. Internally, the
specimens of the new species are filled with fine sand that is
usually well cemented. In exceptional specimens, such as the
one shown in Figure 2.6, the internal matrix can be removed
by careful cleaning. Magnetite particles were not found in the
fine sand within these specimens. Locality 1495 represents col-
lections made from a ground distance of about 350 m along the
base of the cliffs. Two hundred specimens were found in about
five hours of collecting.

The Isidro Formation was named by Heim (1922). The type
section is at the village of San Isidro about 20 km south of
locality CSUN 1495 (Figure 1). Among the various names used
for the formation are the “yellow beds” of Darton (1921), Ysidro
Formation (Hertlein and Jordan, 1927; Beal, 1948), and Mon-
terrey and San Raymundo Formations (Mina, 1957). Beal (1948,
Pl. 7, fig. 1) referred to the outcrops that contain the new species
as the Ysidro Formation, and McLean et al. (1985) mapped
them as the Isidro Formation.

The Isidro Formation has been reported as lower to middle
Miocene based on macrofossils, stratigraphic position, and ra-
diometric age-date constraints of underlying and overlying for-
mations (Smith, 1984, 1986). Smith (1984), on the basis of
preliminary molluscan studies, assigned the outcrops in the vi-
cinity of locality 1495 to the lower Miocene.

During the present study, mudstones at locality 1495 were
sampled and analyzed for calcareous nannofossils, benthic and
planktic foraminifera, and radiolarians. The samples proved to
be siliceous and barren, except for some rare fragments of ra-
diolarians and sponge spicules (M. V. Filewicz and R. Ahrens,
personal commun.). The locality 1495 mollusks that were iden-
tified during the present study proved to have geologic ranges
too long to be useful for more than a Miocene or Neogene
determination.

The presence of genus Astrodapsis at locality 1495 is signifi-
cant in determining the geologic age of the outcrops. Astrodapsis
occurs throughout the California Neogene provincial inverte-
brate “Margaritan” and “Jacalitos” “Stages™ (Addicott, 1972),
and it appears to be restricted to these two units. Modern cor-
relations (e.g., Poore et al., 1984; Armentrout et al., 1984) in-
dicate that the “Margaritan Stage” represents the upper middle
to lower upper Miocene; the “Jacalitos Stage” represents the
upper upper Miocene. Therefore, the stratigraphic range of A4s-
trodapsis is upper middle Miocene to uppermost Miocene. Us-
ing this range, along with the early to middle Miocene age of
the Isidro Formation, indicates that the age of the outcrops at
locality 1495 is probably late middle Miocene. This age deter-
mination is also supported by the primitive morphology of As-
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trodapsis bajasurensis n. sp. As will be discussed later in this
report, the morphologic features of the new species show that
it is an early form of the genus Astrodapsis.

Astrodapsis was confined to warm-temperate or tropical seas
and apparently lived in nearshore environments (Hall, 1962).
A nearshore environment for the deposits at locality 1495 is
also supported by the presence of such genera as the barnacle
Balanus and the oyster Crassostrea.

Abbreviations are as follows: IGM = Instituto de Geologia,
Universidad Nacional Autonoma de México, Mexico City;
LACMIP = Natural History Museum of Los Angeles County,
Invertebrate Paleontology Section.

SYSTEMATIC PALEONTOLOGY

Order CLYPEASTEROIDA A. Agassiz, 1872
Family ECHINARACHNIIDAE Lambert, 1914
Genus ASTRODAPSIS Conrad, 1856

Type species.—By monotypy, Astrodapsis antiselli Conrad,
1856.

ASTRODAPSIS BAJASURENSIS N. SP.
Figure 2

Diagnosis.— An Astrodapsis with length slightly greater than
width (in most specimens), distinct lobelike posterior region,
distinctly indented ambitus (caused by trifurcating food grooves
that continue short distance onto aboral side), petaloids narrow
and bisected by prominent food groove, ambulacra wider than
interambulacra at ambitus, petaloids of equal length and slightly
elevated with double row of respiratory pores noticeably con-
verging about 75 percent of distance to ambitus, and periproct
usually on curvature of lower margin.

Description.—Small to medium sized, reaching maximum
length of 38.5 mm, slightly longer than wide, length/width about
1.06; maximum width just posterior of center, about 93 percent
of total length; ambital outline slightly oval with posterior am-
bulacral marginal indentations prominent and producing lobe-
like appearance of posterior interambulacral area; interambu-
lacra 80 percent of width of ambulacra at ambitus; apex very
slightly depressed and slightly anterior of center; anterior and
posterior surfaces of test about equally declined; apical system
confluent with apex and not elevated; madreporite large and
subpentagonal in outline; four gonopores present in specimens
greater than 10.5 mm in length, one at base of each interam-
bulacral area except interambulacrum $5; petaloids slightly ele-
vated, open, approximately equal in length and width, and ex-
tending to ambitus; 150° angle between food grooves on anterior
lateral petals, 65° angle between food grooves on posterior petals
(bivium); respiratory pore areas narrow, one-half width of in-
terporiferous areas and noticeably constricted about 75 percent
of distance to ambitus; pores on inner row small and suboval;
pores in outer row slitlike, becoming smaller and suboval dis-
tally; pore-pairs aligned parallel to petaloid-plate sutures near
apex, but inclined about 20° toward ambitus where respiratory
pore areas converge; outer pores do not cross petaloid sutures;
interporiferous areas twice as wide as poriferous areas and bi-
sected by narrow ambulacral food groove that extends to am-
bitus, onto oral surface and to peristome; margin indented at
each ambulacral food groove with indentations most prominent
on posteriormost two ambulacral areas.

Lantern supports single, one on each interambulacral basi-
coronal plate. Internal buttress system peripheral and fairly well
developed, interambulacral areas with two thin, radiating walls,
ambulacral areas with thickened calcite elements containing
cavities.

Aboral interambulacara slightly sunken; double column of
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FiGURE /—Index map to California State University, Northridge col-
lecting locality 1495, Isidro Formation, Baja California Sur, Mexico.

= LACMIP loc. 16122 [on W6sE)

alternating plates in interambulacra adjacent to apical system;
each interambulacral area with food grooves that pass onto
aboral surface and ambitus correspondingly indented by trifur-
cating food grooves, with indentations most prominent on biv-
mum.

Oral surface concave; peristome slightly anterior of center,
relatively large and circular in outline; keel in food groove along
perradial suture does not extend beyond ambulacral basicoronal
plates, keel terminates in peristomial point projecting into peri-
stome; food grooves well developed with straight-line trunk that
trifurcates at about 60 percent of distance from center of peri-
stome to ambitus.

Periproct just submarginal on curvature of lower margin, un-
commonly on margin, small and oval to pentagonal in outline,
in small notch; 15 indentations on ambitus (i.e., 5 ambulacral
food grooves and 10 laterally branching interambulacral food
grooves), periproct indentation present on some specimens.

Basicoronal plates well developed, in larger specimens (length
greater than about 19 mm) ambulacral basicoronal plates be-
come obscured by keel in food groove along perradial suture,
interambulacral basicoronal plates project farther than ambu-
lacral basicoronal plates, four to five oral interambulacaral coro-
nal plates, seven to eight oral ambulacral coronal plates, oral
interambulacra 2 and 3 continuous or discontinuous; oral in-
terambulacra 1, 4, and 5 discontinuous.

Tubercles small to medium sized (0.1-0.2 mm); on aboral
surface present everywhere with largest tubercles on interporif-
erous areas; on oral surface present everywhere except on food
grooves, interambulacral tubercles larger than ambulacral ones
and in scrobicules wider than those on aboral surface, with
smallest tubercles near food grooves.

Dimensions of type specimens in Table 1.




260 JOURNAL OF PALEONTOLOGY, V. 67, NO. 2, 1993

11

12
‘L,cn/;’;‘ 7 11§94

FIGURE 2— I-12, Astrodapsis bajasurensis n. sp., locality CSUN l495.®holotype, IGM 5926, aboral view, x 2.1.@ paratype, IGM 5927, aboral

view, x2.7. @ paratype, IGM 5928, oral view, ><2.7. holotype, IGM 5926, x2.2. 4, anterior view; 5, left-lateral view.@ paratype, IGM

5929, cut-away figure showing the internal buttressing of right-lateral half of test, X2.2.® paratype, IGM 5930, posterior view, x3.9.&

paratype, IGM 5931, aboral view of largest specimen found at locality CSUN 1495, x1.3. 9, paratype, IGM 5932, interior view showing

lantern supports, xX3.3. 10, 11, paratype, IGM 5930, x 3.9.@ aboral view showing plate patterns: I3 oral view showing plate patterns with
interambulacra 2 and 3 continuous. /2, paratype, IGM 593/, oral view showing plate patterns with all interambulacra discontinuous, x 3.3.
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Remarks. —Gonopores are not present until specimens reach
a length of about 10.5 mm. This development marks the onset
of sexual maturity. Branching of the food grooves on the oral
side of the test does not become apparent until specimens reach
alength of about 12 mm. The posterior interambulacral lobelike
protrusion is present in the smallest specimens found (i.e., 7
mm in length).

In those specimens that do show the plate patterns, about half
have oral interambulacra 2 and 3 continuous and oral inter-
ambulacra 1, 4, and 5 discontinuous (Figure 2.11). These spec-
imens are 19 mm in length or less. The other specimens that
show plate patterns have all the oral interambulacra discontin-
uous (Figure 2.12), and these specimens are usually greater than
19 mm in length. There is some overlap, however, in the size
groups between these two types of plate patterns on the oral
surface. Some specimens between 15 and 19 mm in length have
oral interambulacra 2 and 3 continuous, and other specimens
in this size range have all the interambulacra discontinuous. In
rare specimens of the new species, the width of the test is slightly
greater than the length.

The test of the new species is slightly ovoid and widest pos-
teriorly. In addition, the apical system is slightly eccentric, and
on the oral surface the posterior interambulacra are discontin-
uous. These features have all been observed in other sand dol-
lars, both modern and fossil (including Astrodapsis brewerianus),
and have been shown to be the result of unequal growth patterns
(Beadle, 1989).

The new species was compared to all previously known as-
trodapsids. Since 1856, workers had named a total of 59 species,
subspecies, and varieties from California (Hall, 1962, p. 48),
and a large number of these names were erected by Grant and
Eaton (in Eaton et al., 1941). Hall (1962) reduced these 59
species, subspecies, and varieties to 12 species. The type spec-
imens of Grant and Eaton (in Eaton et al., 1941) and the hy-
potypes and other type specimens illustrated by Hall (1962) are
now stored at LACMIP. These specimens were examined during
the course of the present investigation, as were specimens of
various species of Astrodapsis collected by the senior author
from the Branch Canyon Formation in the vicinity of Branch
Canyon, south of New Cuyama, Santa Barbara County, Cali-
fornia.

The new species is most similar to a few (but not all) specimens
of Astrodapsis diabloensis Kew (1920) and to some (but not all)
specimens of A. brewerianus var. bitterensis Grant and Eaton
(in Eaton et al., 1941). Astrodapsis diabloensis is a morpholog-
ically variable species that, according to Hall (1962, p. 67-68),
is synonymous with many of the taxa that Grant and Eaton (in
Eaton et al., 1941) named, including A. brewerianus var. bitter-
ensis.

The specimens of Astrodapsis diabloensis that are most similar
to the new species are from the upper Miocene Santa Margarita
Formation, San Luis Obispo County, southern central Califor-
nia. Examples of these types of specimens of A. diabloensis are
illustrated by Hall (1962, PL. 1, figs. 10, 12-14, 17, 20). The
specimens of A. brewerianus var. bitterensis that are most similar
to the new species are from the Branch Canyon Formation,
Branch Canyon area, south of New Cuyama, Santa Barbara
County, California. Perri and Fritsche (1988) assigned the Branch
Canyon Formation in the Branch Canyon area to the middle
Miocene. An example of this type of specimen of A. brewerianus
var. bitterensis is illustrated by Grant and Eaton (in Eaton et
al., 1941, PL. 5, fig. 9).

The new species differs from the above-mentioned specimens
of Astrodapsis diabloensis and its junior synonym A. brewerianus
var. bitterensis in the following features: ambitus much more
indented, petaloids bisected by a prominent food groove, petal-

TaBLE [/ —Dimensions (in mm) of the type specimens of Astrodapsis
bajasurensis n. sp.

IGM
specimen Length Width Height

5926 29.5 27.0 5.7
5927 22.5 20.6 4.5
5928 22.5 20.7 3.9
5929 27.8 * 4.4
5930 15.8 14.9 2.7
5931 38.5 36.6 6.8
5932 31.4 * *
5933 18.9 17.0 3.1

* Incomplete specimen, measurement not possible.

oids narrower and more elevated, petaloids not as open near
margin and do not flare, interporiferous areas on petaloids twice
as wide rather than three times as wide as poriferous areas,
trifurcating food grooves on oral surface, and posterior aboral
interambulacral area with two food groves and corresponding
indentations at ambitus. The new species shows the following
additional differences when compared to the rest of the many
illustrated specimens of A. diabloensis in Hall (1962): posterior
lobe region present, petaloids do not flare near the margin, and
poriferous areas converge toward ambitus.

The new species superficially resembles a few (but not all)
specimens of Astrodapsis pabloensis (Kew, 1915) from the Branch
Canyon Formation, Branch Canyon area, south of New Cuya-
ma, Santa Barbara County, California, and from the Santa Mar-
garita Formation, San Luis Obispo County, California. An ex-
ample of this type of specimen of 4. pabloensis, which has
moderately elevated petaloids and a distinct posterior lobe, is
illustrated in Hall (1962, Pl. 7, fig. 1). The new species differs
in the following features: test more elongate and usually smaller,
ambitus much more indented, periproct submarginal (in most
specimens), petaloids less elevated, petaloids bisected by a
prominent food groove, and poriferous areas much more con-
vergent.

The new species also resembles Vaquerosella tejonensis (Kew,
1920, p. 76-77, P1. 12, fig. 2a, 2b) from the lower Miocene upper
Vaqueros Formation, Tejon Hills, Kern County, California. The
new species differs in the following features: test more elongate,
petaloids not flared, all petaloids somewhat elevated, odd an-
terior petaloid same size as other petaloids, poriferous area width
narrower, distal ends of rows of pores converge, posterior and
anterior parts of upper surface with even slopes, ambulacral
food grooves on oral surface strongly developed and branching
near margin, each interambulacral area with a pair of food
grooves, a more notched ambitus, and periproct indentation
much less prominent. Vaquerosella Durham, 1955, is closely
related to genus Astrodapsis, and work is needed to establish
how they interrelate.

Although the species-level taxonomy of the genus Astrodapsis
is quite confusing, there are broad patterns in the evolution of
the genus, and these patterns have long been recognized for their
biostratigraphic value. Richards (1936), Grant and Hertlein
(1938, p. 69), and Weaver et al. (1944) all recognized a succes-
sion of Astrodapsis zones in the provincial “upper Miocene™
and “lower Pliocene” (now known to be middle and upper
Miocene). In the comparisons discussed above, Astrodapsis ba-
Jjasurensis n. sp. was reported to be most similar to 4. brewer-
ianus var. bitterensis and to A. diabloensis. Both of these are
early forms and can be referred to the old “Briones” and *“Cier-
bo” “Stages,” as used by Eaton et al. (1941, fig. 12) and by
Weaver et al. (1944). These units form the lower part of the
“Margaritan Stage” (Addicott, 1972). As noted above in the
geologic age discussion of the Isidro Formation, the “Margaritan
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Stage” is now regarded as upper middle to lower upper Miocene.
Because A. bajasurensis is most comparable to lower “Margari-
tan Stage” forms, its age is probably late middle Miocene. This
would be fully consistent with the authors’ conclusions regarding
the age of the Isidro Formation. Overall, 4. bajasurensis appears
to be a primitive representative of the genus. It resembles early
species in its relatively small size, rounded ambitus, and pos-
terior lobe. It commonly has continuous interambulacra, which
is a primitive character. It does not have markedly raised petals,
well-developed interambulacral valleys, or large tubercules. All
of these are advanced characters.

Hall (1962) and Durham (1966) restricted Astrodapsis to Cal-
ifornia, chiefly between latitudes 34° and 38°N. Astrodapsis ba-
Jasurensis n. sp. is the first species of genus Astrodapsis known
outside of California, and the new species extends the southern
geographic limit of the genus by 1,100 km to 26°14'N. Previ-
ously, the southern geographic limit of Astrodapsis was 34°07'N
in the basal Modelo Formation, eastern Santa Monica Moun-
tains, just south of Tarzana, Los Angeles County, southern Cal-
ifornia (Hoots, 1931, p. 110; Eaton et al., 1941, PL 5, fig. 11a).
In addition, all previously known Astrodapsis localities are lo-
cated within about 500 km of each other.

Early workers reported two species of Astrodapsis from Baja
California, but later taxonomic work showed that the species
belong in another genus. Astrodapsis israelskyi Jordan and Hert-
lein (1926) was reported from upper Pliocene strata on Cedros
Island, Baja California (Jordan and Hertlein, 1926; Grant and
Hertlein, 1938), from Pliocene strata in the Bahia Tortugas area,
Vizcaino Peninsula, Baja California Sur (Hertlein, 1933; Grant
and Hertlein, 1938; Minch et al., 1976), and from Pliocene strata
in the San Diego area (Grant and Hertlein, 1938). Hertlein and
Grant (1960), however, reassigned A. israelskyi to genus Mer-
riamaster.

Astrodapsis kewi Jordan and Hertlein (1926) was reported
from upper Pliocene strata on Cedros Island, Baja California
(Jordan and Hertlein, 1926; Grant and Hertlein, 1938), but
Hertlein and Grant (1960) reassigned the species to genus Mer-
riamaster.

The genus Astrodapsis has been reported from Kamchatka
and Sakhalin in eastern Russia (Khomenko, 1931; Argamakova,
1934), but Durham (1955) stated that it appears highly im-
probable that any of the species reported from there are correctly
identified. Hall (1962) tentatively assigned the eastern Russian
specimens to genus Pseudoastrodapsis Durham, 1953. Also, the
genus Astrodapsis has been reported from Japan (Nisiyama,
1948), but Durham (1952, 1966) assigned the specimens from
there to the genus Nipponaster Durham, 1952 [=Pseudoastro-
dapsis Durham, 1953].

Etymology.—The new species is named for Baja California
Sur.

Material. — Two hundred specimens. Holotype, IGM 5926 =
plastoholotype, LACMIP 11587; paratypes, IGM 5927-5933 =
plastoparatypes, LACMIP 11588-11594; paratypes, LACMIP
11595-11599.

Occurrence.—Upper middle Miocene, Isidro Formation; type
locality = CSUN locality 1495, near mouth of Arroyo Mez-
quital, north central Baja California Sur, Mexico.
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