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ABSTRACT—The Early Cretaceous non-marine ostracod genera Hourcqia Krommelbein and Pattersoncypris Bate
are reinstated. A previously published referral of Hourcgia to Cypridea Bosquet is rejected due to the absence of an
anteroventral rostrum in the holotype of the type species Hourcqgia africana Krommelbein. The genus Hourcqia is
characterized by an “inverse” valve ratio (right valve larger than left) and the lack of an anteroventral rostrum, and
the diagnosis of the genus is broadened to accommodate ornamented forms, resulting in the acceptance of five
species: Hourcqia africana, H. confluens (Krommelbein and Weber), H. kouilouensis (Grosdidier), H. bateke
(Grosdidier) and H. sylvesterbradleyi (Bate). The previously published synonymy of Pattersoncypris with the genus
Harbinia Tsao is also rejected. The diagnosis of Pattersoncypris is refined, meaning that three species are recognized:
Pattersoncypris micropapillosa Bate, P. salitrensis (Krommelbein and Weber), and P. sinuata (Krommelbein and
Weber). The new genus Kroemmelbeincypris is erected for two species initially assigned to Hourcgia, and
subsequently to Pattersoncypris and Harbinia by different authors: Kroemmelbeincypris symmetrica (Krommelbein
and Weber) and K. angulata (Krommelbein and Weber). The genus Hourcqia is diagnostic of latest Barremian non-
marine settings, whilst Pattersoncypris and Kroemmelbeincypris characterize Aptian saline lacustrine environments.
The geographic ranges of all three genera are restricted to northeastern and eastern Brazil and northern and western
Africa, though a species of Pattersoncypris (P. dakotaensis Tibert and Colin) is also present in the United States.

INTRODUCTION

HE EARLY Cretaceous ostracods of eastern Brazil and

western Africa provided some of the first paleontological
evidence in support of the theory of continental drift (Colin
and Lethiers, 1988). The similarities between the paleofauna
on both sides of the present day South Atlantic (Tambareau,
1982), combined with the correspondence of the coastlines of
the two continents, indicated that they were once connected
(Fig. 1). Between 1961 and 1972, Krommelbein (1961a, 1961b,
1962, 1963, 1964a, 1964b, 1964c, 1965a, 1965b, 1966a, 1966b,
1967, 1968, 1970, 1979) and associates (Krommelbein and
Wenger, 1966; Grekoff and Krommelbein, 1967; Krommel-
bein and Weber, 1971, 1985) published many papers on Late
Jurassic to mid-Cretaceous ostracods in eastern Brazil and
western Africa.

The description and determination of the stratigraphic
range of these ostracods laid the foundations for the ostracod
biostratigraphic zonation schemes now used on both sides of
the South Atlantic in petroleum exploration. This ostracod
zonation, which was first developed in the Reconcavo-Tucano
and Sergipe-Alagoas basins, has since been applied in the
offshore Brazilian Campos Basin (Moura, 1987, 1988), as well
as the Gabon, Congo and Cabinda basins (Grosdidier et al.,
1996; Bate, 1999). However, detailed zonations for other
offshore southeastern Brazilian basins, such as the Espirito
Santo and Santos basins, have not been published.

The ostracods present in the Campos Basin (Moura and
Praga, 1985; Moura, 1987, 1988) compare well with those
found in the offshore basins of western Africa (Bate, 1999) but
are markedly different from those in the basins south of the
Walvis Ridge (Dingle, 1999). The ostracods indicate that
marine conditions were established in the southernmost South
Atlantic much earlier than in the central South Atlantic,

suggesting that the united Floriandpolis High-Rio Grande
Rise-Walvis Ridge system prevented southern oceanic waters
from infiltrating the South Atlantic until after the end of the
Aptian (Dingle, 1999). Given the vast lateral continuity of
many ostracod distributions in the South Atlantic north of the
Florianépolis High, it is probable that the ostracods of the
Espirito Santo and Santos basins are more closely affiliated
with the ostracods from the neighboring Campos Basin than
with those from the Pelotas Basin to the south, which is
separated from the Santos Basin by the Florianopolis High—
Rio Grande Rise system.

Unfortunately, the taxonomy of the uppermost Pre-Salt
ostracod taxa has become confused; consequently, their
biostratigraphic utility has become compromised to a degree.
The taxonomic history of the genera Hourcgia Krommelbein,
1965b and Pattersoncypris Bate, 1972 is outlined below.

TAXONOMIC BACKGROUND

Hourcgia africana Krommelbein, 1965b, the type species of
the new genus Hourcgia was one of several western African
ostracods described by Krommelbein from the so-called “West
African Wealden” beds of the coastal Congo Basin. This genus
was evidently widespread in upper Lower Cretaceous non-
marine sediments: the holotype was found in the Congo Basin,
and other specimens were subsequently reported from Gabon
and the basins of north-eastern Brazil (Krommelbein, 1970). The
stratigraphic significance of the genus was emphasized in the
original description: since it was not found in the “Middle
Cocobeach” or the corresponding Brazilian Sao Sebastiao
Formation, it was identified as an indicator of a younger
stratigraphic age than had been previously observed, or possibly
even preserved, in the Reconcavo-Tucano Basin. Subsequently,
Krommelbein (1970) identified Hourcqia as a key genus in
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FIGURE /—Schematic map of the offshore basins surrounding the South Atlantic Ocean, demonstrating the close conjugation of the coastlines of
eastern Brazil and western Africa. The oceanward extents of the basins are represented by the 3,000 m bathymetric depth line, which approximately
corresponds to the ocean-continent boundary. The positions of three structural features (Florianopolis High, Rio Grande Rise, and Walvis Ridge) which
together prevented the influx of oceanic water into the proto-South Atlantic from further south are indicated. Adapted from Coward et al. (1999), with
Brazilian basin names and extents modified following the work of Milani et al. (2007).

linking the Brazilian “post-Bahia Series” with the Upper
Cocobeach, recording the presence of the genus in a number of
localities: the “Muribeca,” Maceio, and non-marine Riachuelo
formations of the Sergipe Basin; the Santana Formation of the
Araripe Basin; the Upper Cocobeach (Gamba and Coniquet)
Formation of Gabon; and an uncertain horizon from the Congo
Basin. Furthermore, it was determined that two stratigraphically
separate species groups were present: the older named “africa-
na,” the younger “angulata” (Krommelbein, 1970).

The following year, H. africana was redesignated as the
subspecies H. africana africana, and a second subspecies, H.
africana  confluens Krommelbein and Weber, 1971 was
described (Krommelbein and Weber, 1971). Another species,
H. angulata Krommelbein and Weber, 1971, was also
described, and four subspecies were assigned to it: Hourcqia
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angulata angulata Krommelbein and Weber, 1971, H. angulata
sinuata Krommelbein and Weber, 1971, H. angulata symme-
trica Krommelbein and Weber, 1971 and H. angulata
salitrensis Krommelbein and Weber, 1971. These subspecies
were all derived from sediments younger than the Bahia Series
as defined by Krommelbein and were particularly important in
characterizing them. Due to the fact that the ostracods
referred to by Schaller (1969) to distinguish between sedimen-
tary layers cannot be utilized (since names but no images or
descriptions were given), these species have become critical in
biostratigraphic studies of the upper Lower Cretaceous
sediments of both eastern Brazil and western Africa.

In 1972, Bate promoted H. angulata sinuata and H. angulata
salitrensis to species level and assigned them to the new genus
Pattersoncypris, joining the type species P. micropapillosa
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Bate, 1972. Hourcqia angulata angulata and H. angulata
symmetrica were not officially referred to Pattersoncypris by
Bate, though other authors (eventually including Bate) have
subsequently referred them to Pattersoncypris as well (Gros-
didier et al., 1996; Bate, 1999; Coimbra et al., 2002).

Do Carmo et al. (2008) formalized the respective referrals of
Hourcgia to Cypridea Bosquet, 1852, and Pattersoncypris to
Harbinia Tsao, 1959. Hourcgia africana africana and H.
africana confluens were synonymized and transferred to
Cypridea, resulting in the new combination Cypridea africana.
Consequently, the stratigraphic separation of these two
subspecies, and thus their utility as biostratigraphic markers,
was obscured. Additionally, all four subspecies of P. angulata
were promoted to species level, and along with P. micro-
papillosa were referred to Harbinia, forming the new
combinations H. micropapillosa, H. angulata, H. sinuata, H.
symmetrica and H. salitrensis. Whilst all five species were
retained, and their utility as biostratigraphic markers was not
compromised, the synonymization of Pattersoncypris, a genus
which was, as far as was understood, restricted to the Aptian
of Brazil and western Africa, with Harbinia, an exclusively
Chinese genus, was extremely problematic from a paleobio-
geographical perspective.

The publication of Do Carmo et al. (2008) was not the first in
which Pattersoncypris had been referred to Harbinia. Do
Carmo has considered the two genera to be synonymous since
at least 1998 (Do Carmo, 1998) and referred to species of
Pattersoncypris as Harbinia in several subsequent publications
(e.g., Do Carmo et al., 1999, 2004a, 2004b). Interestingly, Do
Carmo et al. (1999) claimed to have followed Mello et al. (1993,
but cited as 1997) in synonymizing the two genera. However,
the paper cited makes no mention of the genus Harbinia despite
referring to Pattersoncypris several times. It is probable,
therefore, that it was Do Carmo’s idea to synonymize
Pattersoncypris with Harbinia. Other publications have fol-
lowed Do Carmo et al. (1999) in synonymizing Pattersoncypris
with Harbinia (e.g., Syrio and Rios Netto, 2002a, 2002b).

The overarching problem with the respective referrals of
Hourcgia and Pattersoncypris to Cypridea and Harbinia is that
they were not made on the basis of comparisons of holotype
material. The specimens used by Do Carmo et al. (2008) were
from background material from Krommelbein’s personal
collection held in the Senckenberg Forschungsinstitut und
Naturmuseum (SMF), Frankfurt-am-Main, and were exclu-
sively topotypic. The type material, which is also housed at
SMF—excluding the specimens described by Krommelbein
and Weber (1971), which are held in the Bundesanstalt fiir
Geowissenschaften und Rohstoffe (formerly Bundesanstalt fiir
Bodenforschung) in Hannover (contra. Do Carmo et al. [2008,
p- 790]; their statement concerning the movement of collec-
tions from Hannover to Frankfurt is erroneous)—was
inspected by (but not loaned to) Do Carmo during a visit in
1997 (A. Lord, personal commun.), though was not used in
the formal referral paper (Do Carmo et al., 2008).

The key purpose of this paper, therefore, is to reassess the
validity of the genera Hourcqia and Pattersoncypris based on
the holotype material housed at the SMF and BGR, and to
assess the validity of all of the species contained therein. This
taxonomic revision reinforces the utility of these ostracod
species (and genera) as biostratigraphic markers in Lower
Cretaceous off shore South Atlantic basin sediments (Fig. 2).
Furthermore, the paleoenvironmental settings with which each
species has been associated in the literature are reviewed
in order to enhance the accuracy of paleoenvironmental
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interpretations made based on faunas from basins for which
no zonation scheme has yet been published.

Institutional abbreviations.—BGR =Bundesanstalt fiir Geo-
wissenschaften und Rohstoffe (originally the Bundesanstalt
fiir Bodenforschung), Geozentrum, Hannover;, NHM=
Natural History Museum, London (formerly the British
Museum, Natural History); SMF=Senckenberg Forschungs-
institut und Naturmuseum, Frankfurt-am-Main.

SYSTEMATIC PALEONTOLOGY

Class OSTRACODA Latreille, 1802 (nom. correct. Latreille,
1806)
Order PopocorIDA Miller, 1894
Suborder PODOCOPINA Sars, 1866
Superfamily CYPRIDOIDEA Baird, 1845
Family CYPRIDEIDAE Martin, 1940
Genus HOURCQIA Krommelbein, 1965

1965b Hourcqgia KROMMELBEIN, p. 68.

Type species—Hourcqia africana Krommelbein, 1965 (by
original designation).

Included species.—Hourcqia africana Krommelbein, 1965b;
Hourcgia confluens (Krommelbein and Weber, 1971); Hourc-
qia bateke (Grosdidier, 1967) (““Reconcavona’); Hourcgia
kouilouensis (Krommelbein, 1965b) (Cypridea [Sebastianites?));
Hourcgia sylvesterbradleyi (Bate, 1994) (Cypridea).

Diagnosis.—Original as translated from Krommelbein
(1965b): A genus presumably belonging to the Cyprididae of
unknown subfamily with the following characteristics: Cara-
pace robust or elongate ovate in lateral view, in dorsal view
biconvex. Right valve larger than left, overlapping very
slightly around the entire margin: overlap is most prominent
along the central ventral margin and along the upper anterior
margin, where the left valve is weakly concave and the right is
convex. Both valves have very weak, poorly-defined pitting in
the anterodorsal region; aside from this, no coarse or fine
ornamentation has been observed.

Amended diagnosis: A cypridoid ostracod probably be-
longing to the Cyprideidae, inferred based on the presence of
a reduced rostrum in species possibly ancestral to the genus,
e.g., Cypridea (Sebastianites) minima Moura, 1972, Cypridea
tchibodaensis Krommelbein 1965, or possibly the Candonidae
on the basis of the muscle scars identified by De Klasz and
Uliczny (1975) in a referred specimen from Gabon, with the
following characteristics: Carapace ovate in lateral view,
tallest anterior of the mid-point. Both valves markedly convex
in dorsal view. Carapace thickest slightly posterior of the mid-
point, tapering more to the anterior than to the posterior.
Right valve larger than left, overlapping very slightly around
the entire margin: most clearly visible along the central ventral
margin and along the anterodorsal margin, where the left
valve is sometimes weakly concave and the right is convex.
Anterior and posterior margins obliquely rounded, hinge
margin substraight. Nodes present in stratigraphically lower
species of the genus, absent in species found in upper levels;
possibly lost in response to environmental change. No
recognized sexual dimorphism.

Occurrence.—Pre-Salt series in eastern Brazil and western
Africa (Colin and Jacobs, 1990); early to latest Barremian.

Paleoecology—Non-marine (Krommelbein, 1965b; Krom-
melbein and Weber, 1971), highstand lacustrine (Bate, 1999);
associated with coquinas in the Campos Basin (Silva-Telles,
1992; Carvalho et al., 2000; Rangel and Carminatti, 2000),
which have been reported to be sporadically interspersed with
thin shales containing planktic and benthic foraminifera
suggestive of some level of marine influence (Silva-Telles,
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FIGURE 2—Known (solid line) and inferred (dashed line) ranges of the ostracods considered in this paper, based on the Brazilian zonation outlined by
Moura (1987) and Silva-Telles (1992) for the Campos Basin and the Western African zonation scheme defined by Grosdidier et al. (1996) and Bate
(1999) for the Gabon, Congo and Kwanza basins. The black lines indicate the known and inferred ranges of the ostracod species in the offshore basins of
western Brazil, standardized against the zonation of Moura (1987); gray lines indicate the ranges of each taxon in the offshore basins of western Africa.
International stage boundaries are approximate relative to Brazilian local stages.

1996, cited by Dias, 2005) and indicative that this genus was
tolerant of at least slightly raised salinity levels (brackish)
relative to typical freshwater settings (which generally contain
fewer than 0.5 parts per thousand of dissolved salts).

Remarks.—Hourcqia was referred to the genus Cypridea by
Do Carmo and colleagues (2008) based on the observation of
a reduced rostrum on a specimen designated as a “homotype”
from the Morro do Chaves Member of the Coqueiro Seco
Formation in the Sergipe-Alagoas Basin, Brazil. However, the
holotype specimen of the type species Hourcqgia africana
(Krommelbein, 1965b, pl. 3, fig. 10, SMF Xe 5389) does not
possess an anteroventral rostrum, and Krommelbein made no
mention of a rostrum in the original description.

Specimens used in the study of Do Carmo et al. (2008) were
from background material in the Krommelbein personal
collection (held in the SMF), specimens which were topotypic
at best (specimens SMF Xe 18551 and 18553; A. Lord,
personal commun.). The “homotype” specimen referred to
Hourcgqia africana from the Sergipe-Alagoas Basin (Do Carmo
et al., 2008, fig. 6, nos. 1-4, MCP-1088-PI) more closely
resembles an illustrated paratype specimen (Krommelbein,
1965b, pl. 3, fig. 11, SMF Xe 5392) than the holotype. A
possible minuscule rostrum is visible on the anteroventral
margin of the left valve of MCP-1088-PI (Do Carmo et al.,
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2008, fig. 6, nos. 1, 2). However, no rostrum is present on the
right valve (Do Carmo et al., 2008, fig. 6, no. 3). Consequently,
this specimen cannot be referred to the genus Cypridea, since it
does not fulfill the criteria proposed by Sylvester-Bradley (1949,
p. 130) for Cypridea, who typified the genus as having a
“(c)arapace bearing on the antero-ventral margin of each valve
a projection termed a “beak,” often prominent,” an assessment
modified by Anderson (1967) to include the development of the
anteroventral notch (the alveolus) and the posteroventral
projection (cyathus), which are also absent in Hourcqia.
Szczechura (1981) showed that the internal morphology of the
rostrum in rostrum-bearing cypridoids varied markedly be-
tween specimens often incorporated in the genus Cypridea. This
was followed by Horne and Colin (2005), who identified
Cypridea as having a selvage interrupted by the rostrum.

The feature which typifies the genus Cypridea is the possession of
a rostrum with specific internal characteristics. Thus, the absence of
a rostrum in the holotype specimen of the type species Hourcqia
africana (Fig. 3.1) precludes the referral of the genus to Cypridea.

HOURCQIA AFRICANA Krommelbein, 1965

1965 Hourcqia africana KROMMELBEIN, p. 69, pl. 3, fig.
10a—10c, non fig. 11a-11c.

1967 Hourcgia africana Krommelbein;
KROMMELBEIN, p. 1329, fig. 14.

GREKOFF AND
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FIGURE 3—Early Cretaceous non-marine ostracod species from offshore South Atlantic basins: 1, Hourcgia africana Krommelbein, 1965a, holotype
SMF Xe 5389, adult carapace, left lateral view, BK-1-Ter well, “West-African Wealden,” offshore Congo Basin, Congo; 2, Hourcqia africana
Krommelbein, 1965a, referred specimen BfB 7793, adult carapace, left lateral view, Bast-1-Ba well, “Muribeca? Formation,” Sergipe/Alagoas Basin,
Brazil; 3, Hourcgia confluens (Krommelbein and Weber, 1971), holotype BfB Typ.-Nr. 7794, adult carapace, left lateral view, Pta-3-Se well, “Muribeca
Formation,” Sergipe Basin, Sergipe State, Brazil; 4, Hourcqia bateke (Grosdidier, 1967), holotype, adult carapace, left lateral view, Tchibota-1 well,
“Congo Basin Wealden,” offshore Congo Basin, Congo; 5, Hourcgia kouilouensis (Krommelbein, 1965b), holotype SMF Xe 5381, adult carapace, left
lateral view, BK-1-Ter well, “West-African Wealden,” offshore Congo Basin, Congo; 6, Hourcqia sylvesterbradleyi (Bate, 1994), holotype, adult
carapace, left lateral view, Chevron TK-G4 well, Toca B Formation, offshore Congo Basin, Cabinda, Angola. Scale bar=100 pum.
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TABLE /—Alan Lord’s observations of the holotype and paratype specimens of the species Hourcgia africana.

Specimen Specimen No. Krémmelbein, 1965b Alan Lord’s observations (personal commun., 2011)

Holotype SMF Xe 5389 pl. 3, fig. 10a, b, ¢ Well preserved. Anterior margin of left valve with minor marginal rim curving
smoothly round to merge with the ventral margin. No anteroventral rostrum.

Paratype SMF Xe 5390 Not figured Identical to holotype. No anteroventral rostrum.

Paratype SMF Xe 5391 Not figured Angle present on the anteroventral margin of the left valve is present but clearly
related to a post mortem fracture.

Paratype SMF Xe 5392 pl., fig. 11a, b, ¢ Appears to possess a rostrum in Krommelbein, 1965b (fig. 11b) but this is a weak
feature and may be a result of damage to the anteroventral margin of the left
valve. Longer than the other specimens.

Paratype SMF Xe 5393 Not figured Not well preserved. May have had a very weak rostrum.

1971 Hourcqia africana africana (Krommelbein); KROM-

MELBEIN AND WEBER, p. 32, pl. 6, fig. 21a-2lc.

Hourcgia africana Krommelbein; DE KLASZ AND

ULIiczNy, p. 189, 193, pl. 3, fig. 1.

1984 Hourcqia africana africana (Krommelbein); GROSDI-
DIER AND BIGNOUMBA, p. 95, pl. 1, fig. 1.

1975

non 1992 Hourcgia africana Krommelbein, GOODALL,
COLES, AND WHITAKER, p. 383, pl. 1 (page follows
description of pl. 2).

non 2008 Cypridea africana (Krdommelbein); DO CARMO,

WHATLEY, NETO, AND COIMBRA, p. 793, 795, fig. 6,
nos. 1-5.

Diagnosis.—Amended: A species of Hourcgia characterized
by sub-parallel dorsal and ventral margins (Krommelbein,
1965b) and a lack of ornamentation.

Holotype.—One carapace, SMF Xe 5389, housed in the
SMF. Length 0.86 mm; height 0.57 mm; width 0.47 mm.

Type locality and horizon—BK-1-Ter well drilled near the
mouth of the Kouilou River (Bas Kouilou), offshore Congo
Basin, “West African Wealden”; approximate co-ordinates
S 04°28'40", E 11°42'45".

Paratypes.—One carapace, SMF Xe 5390 (PN-1 well, Pointe
Noire, Congo); one carapace, SMF Xe 5391 (PI-3 well, Pointe
Indienne, Congo); one carapace, SMF Xe 5392 (BK-1 well,
Kouilou River mouth, Congo) (elongate morph); one carapace,
SMF Xe 5393 (TB-1 well, Tchibota, Congo) (elongate morph);
all held in the Senckenberg Museum, Frankfurt. SMF Xe 5392
and SMF Xe 5393 are herein transferred from H. africana to
Paracypridea cf. P. langdoni (see below).

Occurrence—Pre-Salt series in eastern Brazil and western
Africa, Barremian-Aptian transition (Colin and Jacobs, 1990).
The last appearance of Hourcqia africana marks the end of the
Barremian (top of the AS10 ostracod Zone in western Africa;
Bate, 1999), and the species is present throughout the AS10
Zone (Bate, 1999) and maybe the AS9 Zone in western Africa
(Grosdidier et al., 1996), as well as (at least) the OS 1020
Subzone in the Campos Basin (Silva-Telles, 1992).

Description.—Translated and modified from Krémmelbein
(1965b): Carapace ovate and robust. Anterior margin obliquely
rounded; posterior margin only slightly more acutely rounded
than anterior margin. Ventral margin of left valve slightly
concave; ventral margin of right valve convex to sub-straight.
Dorsal margin roughly straight between well-rounded cardinal
angles, descends slightly posteriorly. Greatest carapace height is
at the anterior cardinal angle at or slightly behind a third of the
carapace length. Carapace in dorsal view stocky, evenly
biconvex; greatest carapace thickness posterior of the mid-point.
Both carapace ends blunt, anterior end only slightly more acute;
contact line of both valves rather straight to slightly curved.

Right valve larger than left, overlapping slightly around the
entire margin, most prominently along the ventral margin and
the upper anterior margin. Both valves very similar in
important characteristics; differences occur in the ventral
margin and the anterodorsal margin. In the larger right valve,
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a small convexity is present along the anterior cardinal angle
which displays clear overlap of the corresponding slightly
concave section on the smaller left valve.

Both valves show a very faint valve indentation directly
below the anterior dorsal angle; this is never clearly defined
and often only slightly expressed. Aside from this, no coarse or
fine ornamentation is present; carapace surface smooth to very
faintly shallowly pitted. No anteroventral rostrum.

Internal features of the holotype unknown, though muscle
scars typical of the Candonidae were recognized in a referred
specimen from Gabon by De Klasz and Uliczny (1975).

Paleoecology.—Highstand lacustrine settings (Bate, 1999);
may have inhabited settings affected by heightened salinity
(see below).

Remarks.—In his original description, Krommelbein (1965b)
identified two distinct morphotypes within Hourcgia africana: a
“stocky” (robust) morph (as typified by the holotype [Fig. 3.1]and
a referred specimen) and a more “stretched” (elongate) morph (as
in the figured paratype). Only the stocky morph is retained within
Hourcgia africana: the paratype figured by Krommelbein (1965b)
is now referred to Paracypridea cf. P. langdoni Krommelbein, 1961
(sensu Bate, 1999), since identical specimens have been found in
sediments from above the first downhole occurrence of H. africana
in the Congo Basin (J.-P. Colin, personal observation); it is
unlikely that this species is actually referable to Paracypridea,
though the true affinities of P. cf. P. langdoni will have to be
explored elsewhere. The paratype specimen of H. africana was
extracted from cuttings, unlike the holotype, which was recovered
from a core sample; thus, it is possible that it may have caved from
younger sediments. Krommelbein designated three other para-
types, two robust and one elongate; the non-figured elongate
specimen is probably also referable to Paracypridea cf. P. langdoni
(A. Lord, personal commun.).

Based on direct observation of all five specimens originally
assigned to Hourcqia africana, Lord (personal commun., 2011)
determined that only one of the elongate paratypes may have an
anteroventral rostrum (Table 1); as stated above, this specimen
is now considered to represent Paracypridea cf. P. langdoni.
Since similar structures are observed in the specimens figured by
Do Carmo et al. (2008), these specimens are also referred to
Paracypridea cf. P. langdoni. With the removal of these
specimens from H. africana, no referred specimens are
recognized as having an anteroventral rostrum.

Krommelbein (1965b) identified Hourcgia africana in the
“Westafrikanischer Wealden” sediments of the coastal Gabon
and Congo basins, as well as the formations overlying the Sao
Sebastido Formation in northeastern Brazil (presumably the
Sergipe-Alagoas basins); however, only specimens from the
coastal Congo Basin were illustrated. Subsequently, the
distribution of this genus was expanded to the “Muribeca,”
Macei6o and non-marine Riachuelo (now considered to be
entirely marine) formations of the Sergipe Basin; the Santana
Formation in the Araripe Basin; the Upper Cocobeach (Gamba
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and Coniquet) of the Gabon Basin; and an uncertain horizon in
the Congo Basin (Krommelbein, 1970). Specimens of the genus
were reportedly abundant in all localities, though none were
illustrated until Krommelbein and Weber (1971) illustrated a
specimen referred to H. africana from the “Muribeca”
Formation of the Sergipe Basin (Fig. 3.2). Grosdidier and
Bignoumba (1984) illustrated a specimen from the Middle-
Upper Cocobeach of Gabon which appears to be intermediate
between H. bateke and H. africana with respect to the degree of
valve overlap on the dorsal and ventral margins.

Hourcgia africana is the index species for the AS10 zone in
western Africa (Grosdidier et al., 1996; Bate, 1999), and
accordingly, the top of the Barremian (Bate, 1999). The range
of this species extends to the base of the AS9 Zone (Grosdidier
et al., 1996). Bate’s (1999) correlation of the western Africa
zonation with the eastern Brazilian zonation suggests that
Hourcgia should be present in sediments representing Schaller’s
(1969) Zones 009 and 010 in eastern Brazilian basins. The genus
has not been identified in the Reconcavo-Tucano Basin, which
is not surprising since the only rocks in this area from zones
younger than 009 comprise the Marizal Formation, from which
no ostracods have been reported (Viana, 1966a, 1966b; Viana et
al., 1971; Moura, 1972; Cunha and Moura, 1979). Hourcqia
africana was not identified in the Campos Basin by Moura and
Praga (1985) or Moura (1987, 1988). However, in a published
ostracod zonation for the coquina sequence in the Lagoa Feia
Formation of the Campos Basin, Silva-Telles (1992) designated
Hourcgia africana africana as the index taxon for the OS-1020
Zone. These sediments were given an age of Upper Jiquia,
meaning that they straddle the Barremian-Aptian boundary;
this fits well with Bate’s (1999) correlations.

HOURCQIA CONFLUENS (Krommelbein and Weber, 1971)

1971 Hourcqia africana confluens KROMMELBEIN AND
WEBER, p. 33, pl. 6, fig. 22a-22c.

Diagnosis.—Amended, similar to Hourcqia africana, but
with dorsal and ventral margins more strongly convergent
towards the posterior, resulting in the anterior margin being
significantly more obliquely rounded than the posterior
margin.

Holotype.—One carapace, BfB Typ.-Nr. 7794, held in the
BGR. Length 1.05 mm; height 0.71 mm; width 0.50 mm.

Type locality and horizon.—*“Muribeca” Formation (Post-
Bahia Series), coastal Sergipe Basin, Brazil (Krommelbein and
Weber, 1971).

Occurrence.—Sergipe (Krommelbein and Weber, 1971) and
western African coastal basins (Bate, 1999). Early to middle
Barremian (always in older strata than H. africana); marker
species for the AS9 Zone in western Africa (Bate, 1999).

Description.—Translated and modified from Krommelbein
and Weber (1971). Carapace posteriorly-tilted trapezoid in
lateral view. Anterior margin rather evenly obliquely rounded,
true anterior cardinal angle always absent, since highest point
of carapace just anterior of the mid-length. Straight portion of
dorsal margin descends quite steeply posteriorly. Posterior
dorsal angle obliquely rounded, more acutely rounded further
posteriorly resulting in a somewhat pointed posterior margin.
Lower section of posterior margin slightly tilted, emphasizing
convergence of lateral margins. Ventral margin sub-straight.

Carapace relatively thin in dorsal view, slightly fusiform,
thickest just posterior of the centre. Flanks very slightly
indented before the centre.

Right valve larger than the left, overlapping very slightly
around the entire periphery, more obviously so along the
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ventral, anterior dorsal and upper anterior margins. No
sculpture observed.

Internal characteristics unknown.

Paleoecology.—QOccurs in association with a maximum
flooding surface in western African offshore basins (Bate,
1999).

Remarks.—Hourcqia confluens was referred by Do Carmo
et al. (2008) to Cypridea africana. This referral is rejected, since
the greater posterior confluence of the dorsal and ventral
margins distinguishes H. confluens from H. africana; further-
more, H. confluens occurs in a stratigraphically lower interval
than H. africana. Its last stratigraphic appearance, (i.e., its first
downhole appearance), marks the top of the western African
AS9 zone (Bate, 1999). Direct observation of the holotype
specimen (Fig. 3.3) originally figured by Krommelbein and
Weber (1971, p. 81, pl. 22a-22¢) indicated that this species
does not possess an anteroventral rostrum. Consequently, the
referral of this species to Cypridea is rejected and it is retained
within Hourcgia.

The type specimen of the species Brasacypris? grosdidieri De
Klasz and Uliczny, 1975 is superficially similar to Hourcgia
confluens. If these species were found to be synonymous, the
biostratigraphic utility of H. confluens would be significantly
reduced. Following Bate (1999), H. confluens is restricted to
the AS9 Zone. In contrast, Brasacypris? grosdidieri was found
to occur in the African and AS10 and AS11 zones (N'Toum—
lower N°’Zeme-Asso Series, Coniquet Formation) by De Klasz
and Uliczny (1975) and Grosdidier et al. (1996). Bate (personal
commun., 2011) has suggested that Brasacypris? grosdidieri
may represent an interior cast of Cypridea loango Grosdidier,
1967; this interpretation is followed herein. Consequently,
Hourcgqia confluens retains biostratigraphic significance. The
paratype juvenile specimen of Brasacypris? grosdidieri figured
by De Klasz and Uliczny (1975) appears to be referable to
Cypridea tchibodaensis Krommelbein, 1965b. As is the case in
all species of Hourcgia, Cypridea tchibodaensis demonstrates
an “inverse” valve-size ratio (right valve larger than left).
However, the holotype specimen of this species preserves a
minute anteroventral rostrum and rostral notch unaccompa-
nied by a rostral furrow (as mentioned in the original
description); if this feature were not present, this species may
have been referable to the genus Hourcgia. This interpretation
is significant because of the implicit evolutionary relationship
between Hourcgia and Cypridea: a close relationship between
the two genera would indicate that Hourcqia is a member of
the family Cyprideidae.

HOURCQIA BATEKE (Grosdidier, 1967)

1967 ““Reconcavona” bateke GROSDIDIER, pl. 3, fig. 7a-7]
(mis-labeled 3a-7j)

1985 Reconcavona aff. R. bateke Grosdidier; MOURA AND
PrACA, pl. 1, figs. 3, 4.

1988 Reconcavona aff. R. bateke Grosdidier; MOURA, pl. 1,
figs. 3, 4.

Diagnosis.—A species of Hourcgia defined by marked
dorsal and ventral overlap of the left valve by the right, and
(commonly) the presence of a poorly-defined, yet prominent
knob on the left valve (causing marked asymmetry of the
valves). This species was removed from Reconcavona Krom-
melbein, 1962 due to the “inverse” valve ratio (right larger
than left in Hourcqia, left larger than right in Reconcavona).

Holotype.—One carapace depicted in Grosdidier, 1967 (pl.
3, fig. a-d); no specimen number designated. Originally
housed in the Laboratoire de Micropaléontologie de la
Faculté des Sciences de Paris (according to Grosdidier,
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1967), now housed (along with the paratypes) in the TOTAL
Micropalaeontological Laboratories, Pau, France. Length
0.85-0.90 mm; height 0.55-0.65 mm.

Type locality and horizon—Top of the
Wealden” (Grosdidier, 1967).

Occurrence—Congo (Grosdidier, 1967) and Campos
(Moura and Praga, 1985; Moura, 1988; Silva-Telles, 1992)
basins. Age interpreted as upper Barremian since the holotype
was found in the same formation as Cypridea loango and
Damonella? tinkoussouensis Grosdidier, 1967, which were
identified in Bate’s (1999) western African biostratigraphic
zonation as occurring in Barremian sediments. Also identified
in the uppermost Barremian coquina sequence of the Campos
Basin (Silva-Telles, 1992). Top (Grosdidier et al., 1996) of the
African AS10 zone (Bate, 1999); OS-1000 Zone in the Campos
Basin (Silva-Telles, 1992).

Description.—Translated and modified from Grosdidier
(1967).Valves strongly asymmetrical, giving the impression
that the specimen has been crushed. Outline asymmetry most
strongly pronounced in the dorsal region: larger right valve is
tallest just anterior of the mid-point, maximum carapace
height equal to three-quarters of its length; smaller left valve
tallest further anterior of the mid-length, maximum carapace
height equal to three-fifths of its length. Valve overlap greatest
on dorsal and ventral margins, more reduced on anterior and
posterior margins.

Anteroventral margin rounded, though anterior and ante-
rodorsal margins are more obliquely rounded, merging
smoothly with the dorsal margin. Dorsal margin posteroven-
trally tilted, tends to be straight but never the same length on
both valves: longer on the left. Posterior margin forms a
flattened arc in the lower two-thirds of its height. Ventral
margin slightly concave on left valve, nearly straight on right
valve, resulting in marked overlap along this margin. Valve
asymmetry is reflected in the greatest thicknesses of the valves:
right valve thickest approximately at the mid-length and mid-
height, left valve thickest posterior of the mid-length and
ventral of the mid-height, raised in a prominent yet poorly-
defined cone. Width asymmetry is especially prominent in
dorsal and anterior views.

Surface appears rough and finely granular, though this may
represent a preservational artifact.

Internal characteristics unknown.

Paleoecology.—Non-marine; contemporaries occur in high-
stand lacustrine settings in western African offshore basins
(Bate, 1999).

Remarks.—Hourcqia bateke (Fig. 3.4) was originally provi-
sionally referred to the genus Reconcavona by Grosdidier
(1967). However, this genus is characterized by the left valve
being larger than the right (Krommelbein, 1962); accordingly,
this species must be excluded from Reconcavona, since the
right valve is larger than the left. It is probable that Hourcgia
bateke is closely related to Hourcqia africana, based on the
morphological similarity exhibited by both species. One
specimen figured by Grosdidier and Bignoumba (1984, p. 95,
pl. 1, fig. 1) as Hourcqia africana africana appears to show
intermediate dorsal and ventral margin valve overlap between
H. africana and H. bateke. The two species may have been
contemporaries in the Campos Basin, based on the fact that
the Hourcgia africana Subzone (OS-1020) comprises the upper
part of the Hourcqia bateke Zone (OS-1000) (Silva-Telles,
1992). Other contemporaries of this species listed by Bate
(1999) are Cypridea loango, Paracypridea cf. P. langdoni and
Damonella? tinkoussouensis (which may include Reconcavona?
ultima Krommelbein and Weber, 1971).

“Congo Basin
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HOURCQIA KOUILOUENSIS (Krommelbein, 1965b)

1965b Cypridea (Sebastianites?) kouilouensis KROMMEL-
BEIN, pl. 1, fig. 5a-5c.

1985  Limnocypridea subquadrata Schaller, nomen nudum;
MOURA AND PRACA, pl. 1, figs. 5-7.
1988  Limnocypridea subquadrata Schaller, nomen nudum;

MOURA, pl. 1, figs. 5-7.

Diagnosis.—Distinguished from other species of Hourcqia
by the presence of four nodes on each valve, arranged in an
irregular square and forming a cross-shaped (+) depression
between them. Some referred specimens lack these nodes,
which may represent ecophenotypic variation precipitated by
variable environmental conditions.

Holotype.—One carapace, SMF Xe 5381, held in the SMF.
Length 0.93 mm; height 0.60 mm; width 0.51 mm.

Type locality and horizon—BK-1-Ter well drilled near the
mouth of the Kouilou River (Bas Kouilou), offshore Congo
Basin, “West African Wealden™; approximate co-ordinates
S 04°28'40", E 11°42'45".

Occurrence—Congo (Krommelbein, 1965b) and Campos
basins (Moura and Praca, 1985; Moura, 1988; Silva-Telles,
1992). The ranges of Cypridea kouilouensis and Limnocypridea
subquadrata nomen nudum, taken together (following the
synonymization of these species and their referral to the genus
Hourcgia) indicate that this species spanned the mid-latest
Barremian, corresponding to (at least) the AS9 Zone in
western Africa (Bate, 1999) and the OS-1100 Zone in the
Campos Basin (Silva-Telles, 1992).

Description.—Translated and modified from Krommelbein
(1965b). Carapace posteriorly-tilted trapezoidal in lateral view,
with evenly obliquely rounded anterior and posterior margins.
Greatest carapace height at the anterior cardinal angle (one-
third from the anterior of the carapace length). Dorsal margin
sub-straight to slightly convex, descends slightly towards the
posterior. Posterior cardinal angle similar to anterior cardinal
angle. Ventral margin slightly concave on left valve, relatively
straight on right valve. Carapace moderately thin and biconvex
in dorsal view, with the end of the carapace truncated. Coarse
sculpture (when present) comprises well-defined, swollen nodes.
Line of valve contact sub-straight.

Right valve larger than left. Both valves are effectively
identical, the only difference being that in the anterodorsal
region, the left valve is sometimes slightly concave, whilst the
right is either less concave or slightly convex. Rostral region
underdeveloped; rostrum absent, rostral alveolus absent.

Coarse sculpture comprises four swollen nodes, identical on
both valves. Two nodes are dorsal, two are ventral; the
anterior nodes are less pronounced than the posterior nodes.
The anteroventral node in particular is quite small, and is
always smallest. Between the nodes, a slight depression in the
shape of an irregular cross (+) is present. Distinct fine
sculpture appears to be absent.

Internal characteristics unknown.

Paleoecology.—Non-marine; occurs in conjunction with a
maximum flooding surface in western African coastal basins
(Bate, 1999).

Remarks.—A species of Hourcqia possessing clear coarse
sculpture in the shape of four nodes on each valve (Fig. 3.5),
H. kouilouensis was listed as a contemporary of H. confluens,
H. sylvesterbradleyi, Theriosynoecum papillaris (Krdommelbein,
1965b) and several species of Petrobrasia Krommelbein, 1965a
by Bate (1999).

The specimens depicted by Moura and Praga (1985) and
Moura (1988) as Limnocypridea subquadrata nomen nudum, a
name first published in Schaller’s (1969) revision of the
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stratigraphy of the Sergipe-Alagoas Basin without an accom-
panying description or illustration, almost certainly represent
a non-noded morph of H. kouilouensis. The outlines of the
three specimens are virtually identical to that of the H.
kouilouensis holotype, aside from the sharper angle of the
posteroventral margin and the greater inflation of the
carapace. Given that Silva-Telles (1992) mentions the presence
of noded and smooth morphs of Limnocypridea subquadrata
nomen nudum in the sediments of the coquina sequence of the
Campos Basin (OS-1100 Zone), it seems likely that these two
morphs represent the same species. It is possible that the
expression of nodes was dependent on paleoenvironmental
conditions, an inference supported by the observation of
ecophenotypic variation in H. sylvesterbradleyi (Bate, 1994,
1999) and modern taxa such as Cyprideis torosa Jones, 1850
(Van Harten, 2000).

HOURCQIA SYLVESTERBRADLEYT (Bate, 1994)

1994 Cypridea sylvesterbradleyi BATE, p. 103, pl. 21, figs. 1-
5; pl. 21, figs. 1-4.

1992 Cypridea (Sebastianites) cf. eminens Grekoff and Krom-
melbein; GOODALL, COLES, AND WHITAKER, p. 368.

1992 Sebastianites cf. eminens (Grekoff and Krommelbein);
GOODALL, COLES, AND WHITAKER, pl. 1 (after pl. 2
caption).

Diagnosis.—Distinguished from other species of Hourcqia
by the presence of five nodes on each valve, arranged in a cross
(X); these are often under-developed or completely undevel-
oped, seemingly in response to unfavorable environmental
conditions.

Holotype.—Adult carapace, OS 14669, held in the NHM.
Length 0.69 mm; height 0.42 mm; width 0.22 mm.

Type locality and horizon.—Chevron TK-G4 well, 18.5 km
southwest of Landana, offshore Cabinda, Angola; Toca B
Formation (Bate, 1994); approximate coordinates S 05°19'15",
E 12°00'09".

Paratypes.—Carapace, OS 14670; right valve, OS 14671; left
valve, OS 14672; carapace, OS 14673; right valve, OS 14674;
all held in the NHM.

Occurrence.—Offshore Congo and Gabon basins (including
Cabinda (Goodall et al., 1992)) (Bate, 1994, 1999). Upper
Barremian (Bate, 1994), African AS8b-AS9 zones (Bate, 1994,
1999).

Description.—Carapace posteriorly-tilted ovate in lateral
view. Greatest carapace height at anterior cardinal angle, one-
third of the carapace length. Anterior margin obliquely
rounded, anterior cardinal angle present at connection to
dorsal margin. Hinge margin straight or slightly concave,
tilting towards the posterior. Posterior margin more acutely
rounded than anterior, with lower apex than anterior margin.
Carapace thin biconvex in dorsal view, nodal projections
obvious. Line of contact between valves sub-straight.

Coarse sculpture comprises five nodes arranged in a cross
(X); two nodes occur mid-dorsally, two mid-ventrally, and one
is median; anterior nodes less pronounced than posterior
nodes, median node intermediate.

Right valve larger than left. Valves identical apart from the
presence of a slight concavity at the anterior cardinal angle in
the left valve (absent in right valve) and the slightly concave
ventral margin of the left valve (sub-straight in right valve).

Rostrum absent, rostral alveolus absent.

Internal characteristics unknown.

Paleoecology.—Occurs in transgressive lacustrine settings in
western African offshore basins (as listed above) (Bate, 1999).
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Remarks.—Hourcqia sylvesterbradleyi (Fig. 3.6) is quite
similar to H. kouilouensis, though is distinguished from this
species by the presence of a central node between the two
anterior and posterior nodes, as well as the more oblique
rounding of the cardinal angles. Hourcgia sylvesterbradleyi is
also somewhat smaller than H. kouilouensis: the former
reaches a maximum length of 0.79 mm (Bate, 1994), whilst
the holotype of the latter is 0.93 mm long (Krommelbein,
1965b). Both species demonstrate variable node expression,
possibly a result of ecophenotypic variation in response to
changing environmental conditions.

Family CYPRIDIDAE Baird, 1845
Subfamily CYPRINOTINAE Bronstein, 1947
Genus PATTERSONCYPRIS Bate, 1972

1972 Pattersoncypris BATE, p. 380.

Type species.—Pattersoncypris micropapillosa Bate, 1972
(by original designation).

Included  species.—Pattersoncypris micropapillosa  Bate,
1972; Pattersoncypris sinuata (Krommelbein and Weber,
1971) (Hourcqia angulata); Pattersoncypris salitrensis (Krom-
melbein and Weber, 1971) (Hourcqia angulata), Pattersoncy-
pris dakotaensis (Tibert and Colin, 2009, in Tibert et al., 2009)
(Hourcqia).

Diagnosis.—Amended: Carapace ovate in lateral view.
Greatest carapace height approximately at mid-length, forming
a pronounced hump. Both valves strongly convex in dorsal view,
carapace thickest at or slightly posterior of mid-length. Carapace
surface lacks coarse ornamentation. Left valve slightly larger
than right, with at least slight overlap on all margins.

Anterior and posterior margins obliquely rounded, anterior
margin more-so than the posterior, with higher apex. Ante-
rodorsal margin of right valve slightly concave; convex to
concave on left valve (though always less concave than right),
accentuating dorsal hump of carapace and anterodorsal angle.
Hinge margin slightly convex, angled posteroventrally. Ventral
margin ranges from slightly concave to slightly convex.

Carapace surface smooth to papillate. No coarse ornamentation.

No recognized sexual dimorphism of the carapace.

Hinge adont; right valve was described by Bate (1972) as
having a groove for accommodation of the dorsal margin of the
left valve, though this does not appear to accurately describe the
nature of the hinge of the holotype specimen (Fig. 4.1) unless
the valves of the carapace have been detached.

Muscle scars typical of Cyprididae.

Internal characteristics as per Bate (1972) and Smith
(2000a).

Occurrence—Throughout north-eastern Brazil and both
sides of the proto-South Atlantic: reported from the Potiguar
(Do Carmo et al., 1999), Grajau (Ramos et al., 2006), Araripe
(Bate, 1972; Smith, 2000a; Do Carmo et al.,, 2008; and
surrounds see Hessel et al., 2006), Sergipe (Schaller, 1969;
Bate, 1972) and Campos (Moura, 1987, 1988) basins on the
Brazilian side; also present in Liberia (Bate, 1972) and the
coastal Congo Basin (Bate, 1999). Late Early Cretaceous
(Krommelbein and Weber, 1971; Bate, 1972), Aptian (Bate,
1999); African Zones AS11-AS12 (Bate, 1999); Brazilian Zone
011 (Moura, 1987, 1988). Based on its absence in sediments
above the Santana Formation, Pattersoncypris was probably
extinct by the Albian—Cenomanian transition. This genus
was used to determine the age (Aptian) and provenance
(Romualdo Member of the Santana Formation) of the
spinosaurid dinosaur Irritator challengeri Martill et al., 1996,
due to the fact that this specimen was purchased without these
data (Sues et al., 2002). Grosdidier (1979) figured a specimen
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FIGURE 4—Early Cretaceous non-marine ostracod species from offshore South Atlantic basins: /, Pattersoncypris micropapillosa Bate, 1972, holotype
Io. 4680, adult female carapace, right lateral view, Santana Formation (fish beds), Araripe Basin, Ceara State, Brazil; 2, Pattersoncypris sinuata
(Krommelbein and Weber, 1971), holotype BfB Typ.-Nr. 7796, adult carapace, left lateral view, Pia-4-Al well, Maceio Formation, Alagoas Basin,
Alagoas State, Brazil; 3, Pattersoncypris salitrensis (Krommelbein and Weber, 1971), holotype BfB Typ.-Nr. 7798, adult carapace, left lateral view,
Santana Formation (above the fish beds), Araripe Basin, Pernambuco State, Brazil; 4, Kroemmelbeincypris symmetrica (Krommelbein and Weber, 1971),
holotype BfB Typ.-Nr. 7797, adult carapace, left lateral view, Vgst-1-Ma well, Codé Formation, Parand Basin, Maranhao State, Brazil; 5,
Kroemmelbeincypris angulata (Krommelbein and Weber, 1971), holotype BfB Typ.-Nr. 7795, ?adult carapace, left lateral view, Pia-3-Al well, Maceio
Formation, Alagoas Basin, Alagoas State, Brazil. Scale bar=100 um.
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TABLE 2—Comparison between the species Harbinia hapla and Pattersoncypris micropapillosa, demonstrating the numerous differences between the two
species. The non-overlapping age and geographical range, as well as a number of morphological characteristics (e.g., degree of valve overlap; right
valve anterodorsal margin; height of posterior margin apex) separate these genera.

Characteristic

Harbinia hapla

Pattersoncypris micropapillosa

Carapace shape
Anterior margin
Anterior margin apex
Anterior cardinal angle

Obliquely rounded
~Half the height
Well-defined

Anterodorsal margin (left) Convex
Anterodorsal margin (right) Convex
Anterodorsal hump Prominent

Anterodorsal/posterodorsal margin
Hinge margin

Hinge groove

Posterior cardinal angle
Posterior margin

Posterior margin apex

Ventral margin

Valve asymmetry

Degree of valve asymmetry
Valve overlap

Anterodorsal margin overlap
Ornamentation

Hinge

Muscle scars
Marine/Non-marine
Palaeoenvironmental tolerance
Age

Geographic range

Anterodorsal longer
Sub-straight

Slightly expressed
Acutely rounded
~One-fifth of the height

Left larger than right
Marked discrepancy

Striate/reticulate
Adont

Typical for Cyprididae
Non-marine

Santonian—Campanian
China

Assemblage characteristics

Sub-triangular; rounded wedge-shaped

On left valve; overlaps right valve even along hinge line

Sub-straight to slightly concave

Left overlaps right except at hinge line
Massive despite convex right valve

Fresh- to brackish-water settings

Never occurs in mixed or monospecific assemblages

Ovate

Obliquely rounded

~Half the height

Well-defined

Convex

Concave

Prominent

Posterodorsal longer

Slightly convex

On right valve; overlaps left valve only along hinge line

Extremely slightly expressed

Less obliquely rounded

~One-third of the height

Slightly convex to slightly concave

Left larger than right

Sub-equivalve

Left overlaps right except at hinge line

Reduced despite concave right valve

Smooth/papillate

Adont

Typical for Cyprididae

Non-marine

Brackish- to saline-water settings

Aptian—Albian; possibly Cenomanian

Eastern Brazil, Angola, Congo, Gabon, Liberia,
Morocco, Chad; possibly U.S.A.

Frequently occurs in mixed or monospecific assemblages

labeled as Hourcqia? GA Gl4 from the Aptian—Albian
transition, the lowest part of the marine sequence in Gabon.
This specimen may be referable to Pattersoncypris: the left
valve is larger than the right, the anterodorsal margin is
slightly concave, and no coarse ornamentation is preserved.
The slope of the posterodorsal margin suggests that it may
represent Pattersoncypris sinuata. However, if this specimen
truly belongs to Pattersoncypris, a broader environmental
tolerance for this genus must be inferred since the undoubtedly
marine Aracajuia benderi Krommelbein, 1967 and Sergipella
transatlantica Krommelbein, 1967 occur in the same beds.

Paleoecology.—Lowstand saline lacustrine settings (Bate,
1999); characterizes paucispecific assemblages in the Campos
Basin of Brazil (Moura, 1987, 1988). Contemporaries in the
Araripe Basin include species of Cypridea, Darwinula Brady
and Robertson, 1885 and Theriosynoecum Branson, 1936
(Coimbra et al., 2002).

Remarks.—The genus Pattersoncypris was based on speci-
mens from the Santana Formation in the Araripe Basin (Bate,
1972). The carapaces of many of these specimens were not well-
preserved, though they were extraordinary in that they preserved
phosphatized soft parts (Bate, 1972). Three species were initially
assigned to the genus: Pattersoncypris micropapillosa, Hourcqia
angulata sinuata and Hourcgia angulata salitrensis. However,
two other subspecies of Hourcqia angulata, H. angulata angulata
and H. angulata symmetrica, were never officially assigned to
Pattersoncypris by Bate, despite the fact that numerous papers
refer to one or both of these species using this genus name
(Grosdidier et al., 1996; Bate, 1999; Coimbra et al., 2002). The
assignment of these subspecies of Hourcgia to Pattersoncypris
appears to have been assumed because of the referral of the
other subspecies to the genus by Bate (1972), who followed suit
in later publications (Bate, 1999).

Based on shared morphological characteristics, P. symme-
trica and P. angulata are herein considered to comprise a
separate radiation from P. micropapillosa, P. salitrensis and P.
sinuata (and P. dakotaensis); indeed, the degree of difference is
considered sufficient to warrant generic separation. These
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species are transferred to a new genus, Kroemmelbeincypris,
which will be discussed below.

Pattersoncypris was referred to the Chinese genus Harbinia
by Do Carmo and colleagues (2008) based on the overall
similar morphology of the two taxa. However, Do Carmo had
considered Pattersoncypris as a junior synonym of Harbinia
since at least 1998. In his thesis (Do Carmo, 1998) he also
described three new species of Harbinia (which remain nomina
nuda): Harbinia alta, Harbinia crepata and Harbinia triangu-
lata. These species have since been referred to in several
published abstracts (Antonietto et al., 2009; Do Carmo et al.,
2009; Gobbo et al., 2009) but have not been formally
described.

Characters which Pattersoncypris and Harbinia share
include: an adont hinge; the presence of an anterodorsal
hump; left valve larger than right; and muscle scars typical of
Cyprididae (Hou, 1984; Do Carmo et al., 2008). However,
comparison of the holotype specimen of P. micropapillosa, the
type species of the genus Pattersoncypris, with that of the type
species of Harbinia, H. hapla, illustrates that these genera
differ in a number of morphological characteristics (Table 2).
First and foremost, the degree of valve asymmetry is far
greater in H. hapla than in any species of Pattersoncypris,
which results in a large disparity in the degree of anterodorsal
valve overlap: in P. micropapillosa, the anterodorsal margin on
the right valve is slightly concave, being slightly overlapped by
the straighter, slightly-larger left valve. In contrast, H. hapla
shows significant overlap of the right valve by the left in this
region, due to the fact that the anterodorsal margin of the left
valve is distinctly convex and, as can be best observed in dorsal
view, significantly extends across the right valve. Furthermore,
as originally defined by Tsao (1959) (though not as redefined
by Hou, 1984), H. hapla was characterized as having a
posteroventrally oriented diagonal depression on each valve, a
feature which has never been recorded in any species of
Pattersoncypris. The ventral margin of the right valve of P.
micropapillosa is slightly concave to slightly convex, rather
than always being slightly concave as in Harbinia; the ventral
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margins of P. salitrensis and P. sinuata are likewise always
concave, though these species deviate from H. hapla in other
ways. The species transferred in this paper to the new genus
Kroemmelbeincypris (K. symmetrica and K. angulata) generally
have convex ventral margins. The apex of the posterior margin of
Pattersoncypris, which occurs at one-third of the total carapace
height above the ventral margin, is markedly higher than that of
Harbinia, which occurs at one-fifth the height of the carapace.

The hinge zones of H. hapla and P. micropapillosa, as
originally described, could be taken to be quite different: Tsao
(1959) states that the hinge groove of Harbinia is in the left
valve, whilst Bate (1972) writes that in Pattersoncypris the
groove on the right valve would have accommodated the left.
This is problematic, since this would suggest that overlap of
the right valve by the left would not be possible; however, the
holotype of P. micropapillosa shows overlap of the left valve
over the right along this margin (Fig. 4.1), meaning that it
does not fit the original description of the species. In contrast,
at least one paratype specimen (Bate, 1972, pl. 66, fig. 3)
demonstrates overlap of the left valve by the right along the
hinge margin. It is probable that, as is the case in Hourcqia,
populations of Pattersoncypris demonstrate considerable
carapace variation; however, further examination of the
holotype and paratype material of P. micropapillosa will be
necessary to further clarify the degree of variation in this
species. The hinge margin of the holotype should be taken as
typical for the species (as is reflected in the amended diagnosis
above), thus some paratypes may have to be reassigned.

The disparity between the stratigraphic and temporal ranges
of Harbinia and Pattersoncypris lends further support to the
separation of the two genera. As originally defined, Patter-
soncypris was restricted to the Aptian—Albian of eastern South
America and western Africa. If Pattersoncypris dakotaensis
truly belongs to Pattersoncypris, then the stratigraphic range
of the genus extends to the upper Cenomanian of North
America (Tibert et al., 2009). Pattersoncypris (specifically P.
sinuata) has also been identified in Albian strata in Morocco
(Andreu-Boussut, 1991), though the ?Hauterivian-lower
Barremian species Harbinia atlasica Mojon et al., 2009 is not
transferred to Pattersoncypris because of the absence of the
characteristic anterodorsal concavity and the low apices of the
anterior and posterior margins. In contrast, Harbinia (type
species H. hapla) was first described from the Nenjiang
Formation of the Songliao Basin, China, in strata interpreted
as being Lower Cretaceous in age (Tsao, 1959). However,
these strata are now thought to have been deposited during the
Campanian (Wan et al., 2007; Wang et al., 2007; Zhang et al.,
2007; Wang et al., 2009; Li et al., 2011), and Harbinia hapla is
now thought to be restricted to the Upper Cretaceous of
China (Ye, 1988, 1990). The stratigraphically lower Qing-
shankou Formation, which is separated above from the
Nenjiang Formation by the Yaojia Formation, has been
dated as being 119.0-89.0 Ma (Wang et al., 1996), providing
an upper age limit for the Nenjiang Formation. Planktic
foraminifera from the lower member of the Nenjiang
Formation indicate a Coniacian to Santonian age, corrobo-
rating this result (Xi et al., 2011). However, the dinocysts
of the Nenjiang Formation, identified by Gao et al. (1992,
cited by Sha, 2007), appear to suggest a Cenomanian age.
Nonetheless, this has been considered irreconcilable with the
Turonian—Coniacian (Sha, 2007) or Santonian (Li et al., 2011)
age determined for the underlying Yaojia Formation obtained
from palynomorph analyses, and is at odds with the other
evidence outlined above.
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Further evidence against the synonymy of Pattersoncypris
with Harbinia is the marked discrepancy between the
paleoenvironmental settings with which they are associated.
Pattersoncypris is thought to have inhabited saline water bodies,
since it is often present in formations associated with or
underlying evaporite layers (Coimbra et al., 2002) and forms
mono- or paucispecific assemblages (Arai and Coimbra, 1990)
typical of unfavorable environmental conditions (Bate, 1999). In
contrast, Harbinia is never associated with evaporitic succes-
sions, despite the fact that the Nenjiang Formation from which
the holotype was derived is thought to have been a brackish
water setting affected by infrequent marine transgressions (Sha,
2007; Wang et al., 2007). The presence of typically marine
bivalves alongside a greater variety of non-marine species (Sha,
2007), brackish to freshwater dinocysts (Gao et al., 1992, cited
by Sha, 2007), and relatively diverse ostracod assemblages often
displaying nodes or other coarse ornamentation (Ye, 1988), are
all suggestive of favorable environmental conditions.

In summary, Pattersoncypris is restricted to Aptian—-Albian
marine-influenced lacustrine settings in Brazil, western Africa
and Morocco, and potentially the Cenomanian of the U.S.A.,
whilst Harbinia is confined to Santonian—-Campanian lacus-
trine deposits of China. If these two genera are synonymous,
their dispersal route to China from Brazil has to be identified.
Since neither Harbinia nor Pattersoncypris is thought to have
inhabited marine settings, aerial or terrestrial transportation
would have to be inferred. It is possible that dispersal took
place through North America, with individuals or desiccation-
resistant eggs transported from Brazil to China on mud
attached to the feet of pterosaurs or birds, as has been inferred
to explain the modern-day disjunct distribution of Potamocy-
pris humilis (Sars, 1924) by Horne and Smith (2004). However,
the near-absence of any species referable to either Harbinia or
Pattersoncypris in localities between Brazil and China lends
little support to this interpretation. The lack of paleogeo-
graphic and stratigraphic overlap between the two genera, in
tandem with the morphological differences outlined above,
suggest that Pattersoncypris is not synonymous with Harbinia,
and that the similarities between the two genera are a result of
homeomorphy.

PATTERSONCYPRIS MICROPAPILLOSA Bate, 1972
1971 Phosphatized Brazilian Cretaceous ostracods BATE,

p- 398, fig. 1.

1972 Pattersoncypris micropapillosa BATE; p. 379, figs. 1—
12; pls. 66-71.

1973  Pattersoncypris micropapillosa Bate; BATE, p. 101, pl. 1,
no. 19.

Mon 1990 Pattersoncypris micropapillosa Bate; ARAI AND
COIMBRA, p. 238, pl. 1, fig. 2.

non 1990 Pattersoncypris micropapillosa Bate; DEPECHE,

BERTHOU, AND CAMPOS, p. 303, pl. 1, figs. 9-11;
p. 305, pl. 2, figs. 9-13; p. 307, pl. 3, figs. 6, 7, 13, 15, 16.

2000a Pattersoncypris micropapillosa Bate; SMITH, p. 63, figs.
2-9 (excluding Eucypris virens [Jurine, 1820] diagrams);
pls. 1-9.

Mon 2002a Harbinia micropapilosa [sic] (Bate); SYRIO AND
R10s-NETTO, p. 69, fig. 1, no. 5.

non 2006 Harbinia micropapillosa (Bate); RAMOS, RoOs-
SETTIL, AND PAz, p. 344, fig. 4A-4D.

mon 2008 Harbinia micropapillosa (Bate); Do CARMO,
WHATLEY, NETO, AND COIMBRA, p. 795, fig. 6, no. 6.

2009 Harbinia micropapillosa (Bate); MATZKE-KARASZ,
SMITH, SYMONOVA, MILLER, AND TAFFOREAU,
p. 1535, fig. 1B-1D, 1F.
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POROPAT AND COLIN—HOURCQIA AND PATTERSONCYPRIS REASSESSMENT

Diagnosis.—A species of Pattersoncypris characterized by a
pronounced dorsomedian hump, the presence of tiny papillae
across the surface of the shell, the posterodorsal cardinal angle
being higher than the anterodorsal cardinal angle, posterior
margin with higher apex (one third carapace height from the
ventral) than anterior, and slightly concave to slightly convex
ventral margin.

Holotype.—Adult female carapace, lo. 4680, held in the
NHM. Length 0.93 mm; height 0.67 mm; width 0.61 mm
(Bate, 1972).

Type locality and horizon—Santana Formation, Serra do
Araripe, Ceara (Araripe Basin), northeastern Brazil (Bate, 1972).

Paratypes—From Bate (1972): Adult carapace, lo. 4681
(Q); adult carapace, lo. 4682 (0); adult left valve, lo. 4684;
adult right valve, Io. 4685; adult carapace, lo. 4692 (Q); adult
carapace, lo. 4693 (Q); adult carapace, lo. 4696 (0); adult
carapace lo. 4698 (Q); adult carapace, Io. 4700 (Q); juvenile
right valve, lo. 4702; adult carapace, Io. 4704 (Q); juvenile
carapace, lo. 4705; juvenile carapace, [o. 4706; broken adult
right valve, lo. 4707; To. 4708; To. 4709 (Q); adult carapace lo.
4710 (0); adult carapace Io. 4711; adult carapace lo. 4712; To.
4713 (@); To. 4714; To. 4715 (Q); To. 4719 (©?); To. 4720 (Q); and
To. 4721 (Q); all held in the NHM. Of these, Smith (2000a) lists
only To. 4681, To. 4682, To. 4692, To. 4696, lo. 4700, lo. 4702,
To. 4705, To. 4706, and Io. 4710 as paratypes. Smith referred
a number of other specimens to the species (OS 15517-19,
OS 15521, OS 15523-7, OS 15529-33, OS 15535-56). These
specimens are also held in the NHM.

Occurrence.—Specimens from the Riachuelo Formation in
the Sergipe-Alagoas Basin as well as Liberia were alluded to in
the original description (Bate, 1972), though these were not
illustrated or described. The stratigraphic range of the species in
the Araripe Basin (Coimbra et al., 2002) and the surrounding
basins (Hessel et al., 2006) is well-established: Pattersoncypris
micropapillosa is present in the Rio da Batateira Formation
(Barbalha) (Syrio and Rios-Netto, 2002a), as well as all three
members of the Santana Formation: the Crato (Arai and
Coimbra, 1990; Dépéche et al., 1990; Silva-Telles and Viana,
1990; Viana, 1990; Berthou et al., 1994; Coimbra et al., 2002),
Ipubi (Coimbra et al., 2002) and Romualdo (Lima, 1979;
Dépéche et al., 1990; Coimbra et al., 2002). This means that P.
micropapillosa is present throughout the Aptian—Albian (Bate,
1972) Brazilian Zone 011 (Schaller, 1969; Coimbra et al., 2002;
Do Carmo et al., 2008).

Description.—Modified from Bate (1972): Carapace ovate
in lateral view. Greatest carapace height at mid-length,
forming a pronounced dorsal hump. Anterior margin oblique-
ly rounded. Posterior margin more acutely rounded with lower
apex. Anterodorsal margin concave, accentuating dorsal
hump of carapace and forming anterior cardinal angle,
especially acute on right valve. Hinge margin sub-straight,
sloping posteroventrally. Ventral margin slightly concave to
slightly convex.

Both valves strongly convex in dorsal view, carapace
thickest slightly anterior of mid-length. Carapace covered in
small papillae.

Virtually equivalve, though left valve always larger than
right. Slight overlap around all margins, most prominent
anterodorsally where the right valve displays a deeper
concavity than the left.

Hinge simple, adont; appears to show some variation
between specimens assigned to this species. Bate (1972)
initially described the hinge as a groove on the right valve
into which the dorsal margin of the left valve was inserted,
though this would preclude overlap of the right valve by the
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left at this point, a feature clearly seen in the holotype and
several referred paratypes but not in others.

Muscle scars typical for Cyprididae: following the descrip-
tion of Smith (2000a), five to seven muscle scars are present
medially. Most posterior scar elongate with long axis
anterodorsally inclined. Four similarly oriented scars arranged
in two rows occur anterior of this scar. Slightly ventral of these
are two slightly larger scars, again with the long axis
anterodorsally inclined.

Internal characteristics as per Bate (1972) and Smith
(2000a).

Maximum dimensions reported by Smith (2000a): length
1.122-1.244 mm; height 0.756-0.842 mm.

Paleoecology.—Pattersoncypris micropapillosa is present
throughout the Rio da Batateira and Santana formations in
the Araripe Basin. The Rio da Batateira Formation has been
interpreted to represent a mixohaline water body (0—10%o. salt)
(Syrio and Rios-Netto, 2002a), possibly a fluvio-lacustrine
carbonate system (Coimbra et al.,, 2002). The Santana
Formation, which comprises the Crato, Ipubi, and Romualdo
members, is thought to represent the same carbonate system at
the base (Crato), followed by a transitional evaporitic/littoral
marine system (Ipubi and Romualdo) (Coimbra et al., 2002).
Thus, the Santana Formation represents a lake system under
pulsative marine influence, which resulted in a mixohaline
environment and prevented the development of a high
diversity ostracod fauna (Arai and Coimbra, 1990).

According to Coimbra et al. (2002), the presence of
Pattersoncypris micropapillosa in the Santana Formation is
associated with moderate quantities of dinoflagellates. In
contrast, when dinoflagellates comprise more than 50% of total
recovered palynomorphs, a more diverse ostracod assemblage is
observed. This suggests that P. micropapillosa was able to persist
in conditions that selected against dinoflagellates and other
ostracod species; it is probable that changes in salinity
precipitated these faunal shifts. The persistence of this species
through the Ipubi Formation, which is dominantly gypsum,
suggests that P. micropapillosa was able to tolerate settings
characterized by increased salinity (Coimbra et al., 2002).

Abundant Pattersoncypris micropapillosa specimens are
associated with nodules bearing fish fossils (Bate, 1971). Thus,
it is possible that these ostracods took advantage of mass-
mortality events, which have been linked to possible oxygen-level
drops (Martill et al., 2008). However, the fish nodule-bearing
layer of the Romualdo Member in the Santana Formation has
been interpreted to represent better oxygenated conditions
(Dépéche et al., 1990), suggesting that another environmental
factor may have been responsible. Several other possible causes
have been posited (Martill et al., 2008), though many have been
discounted due to a lack of supporting evidence.

Further light may be shed on the paleoenvironmental
setting of the Araripe Basin from the fish fauna. Leal and
Brito (2004) suggested that the marine fish species Cladocyclus
gardneri Agassiz, 1841, with which the specimens first reported
by Bate (1971) were associated, used the Araripe Basin paleo
lake as a nursery. The absence of other typical marine taxa,
especially benthic forms, may indicate that the lake was
stratified, with anoxic or hypersaline conditions in the bottom
waters (Martill, 1988; Smith, 2000a). An increase in salinity,
possibly caused by a lowering of lake level, would select
against marine species: Cladocyclus gardneri specimens are
present in both the Crato and Romualdo members but are
absent from the Ipubi evaporites, whilst several other fish
species are restricted to either the Crato or Romualdo
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members (Leal and Brito, 2004). Conversely, the same changes
would select for salt-tolerant taxa, like P. micropapillosa.

Remarks.—Pattersoncypris micropapillosa (Fig. 4.1) was
founded upon remarkably-preserved specimens from the
Araripe Basin which have been studied in great detail (Bate,
1971, 1972, 1973; Smith, 2000a; Matzke-Karasz et al., 2009).
Features of the upper lip (Smith, 2000b) and the positioning of
the muscle scars prompt referral to the Cyprinotinae, as they are
typical for the family (Smith, 2000a), whilst the internal features
indicate that the species reproduced sexually using giant sperm,
as in modern cypridids (Matzke-Karasz et al., 2009).

PATTERSONCYPRIS SINUATA (Krommelbein and Weber, 1971)

1971 Hourcqia angulata sinuata KROMMELBEIN AND WE-
BER, pl. 6, fig. 24a-24c.
1985 “Cytheridea”? sp. sp. gr. 201/218 MOURA AND PRACA,
p. 407, pl. 2, figs. 19, 22.
1988 “Cypridea’ spp. ex. gr. 201/218 MOURA, p. 1212, pl. 2,
figs. 7, 10.
Hourcgia angulata sinuata Krommelbein and Weber;
ANDREU-BOUSSUT, p. 480, pl. 1, figs. 4-9.
1997 Hourcqia gr. angulata Krommelbein and Weber;
COLIN AND DEPECHE, p. 434, fig. 2, no. 19.
2006 Harbinia sinuata (Krommelbein and Weber); RAMOS,
ROSSETTI, AND PAZ, p. 344, figs. 41-4L.
2008 Harbinia sinuata (Krommelbein and Weber); Do CARMO,
WHATLEY, NETO, AND COIMBRA, 2008, pl. 6, fig. 10.

Diagnosis.—A species of Pattersoncypris differentiated from
others by the presence of a distinct anterodorsal concavity, and the
steep, posteroventrally angled slope of the dorsal margin, (which
causes acute-rounding of the posterior margin), the presence of a
clear ventral concavity, and the lack of fine ornamentation.

Holotype.—One carapace, BfB, Typ.-Nr. 7796, held in the
BGR. Length 0.86 mm; height 0.58 mm; width 0.42 mm.

Type locality and horizon.—Pia-4-Al well, 930-960 m rinse
sample, Alagoas, Brazil. Originally cited as having been
derived from the non-marine Riachuelo Formation (Krom-
melbein and Weber, 1971), Do Carmo et al. (2008) noted that
this formation is now restricted to Albian marine sediments in
the Sergipe-Alagoas Basin. Thus, Do Carmo et al. (2008)
suggested that the holotype was actually from the Maceio
Formation as defined by Feijo (1994). According to Campos
Neto et al. (2007), the Muribeca Formation is present between
the Maceio and Riachuelo formations; it is probable that this
was not considered by Do Carmo et al. (2008) as a potential
candidate for the provenance of the holotype specimen due to
the fact that species of Hourcqia occur within the Muribeca
Formation. With the referral of Hourcqia gr. angulata (Colin
and Dépéche, 1997, fig. 6, no. 17), the range of these species is
expanded into Chad; it may also be present in the Morocco
(Andreu-Boussut, 1991).

Occurrence—Aptian sediments corresponding to Brazilian
Zone 011 (Do Carmo et al., 2008) in the Alagoas (Krommel-
bein and Weber, 1971), Campos (Moura and Praga, 1985;
Moura, 1988), Potiguar (Do Carmo et al., 2008) and Grajau
(Ramos et al., 2006) basins, Brazil; Chad (Colin and Dépéche,
1997); possibly present in the Albian of Morocco (Andreu-
Boussut, 1991).

Description.—Translated and modified from Krommelbein
and Weber (1971): Carapace skewed-trapezoidal but strongly-
rounded in lateral view, tall relative to carapace length.
Maximum height of carapace at mid-length. Posterodorsal
margin (hinge margin) effectively straight, steeply inclined
posteroventrally. Posterior cardinal angle completely rounded.
Posterior margin acutely rounded. Anterodorsal margin shows

1991

https://doi.org/10.1666/11-140R.1 Published online by Cambridge University Press

JOURNAL OF PALEONTOLOGY, V. 86, NO. 4, 2012

a shallow concavity immediately anterior of the dorsal hump;
further anterior still, the margin curves obliquely to the
anteroventral margin. Ventral margin obliquely rounded with
a clear concavity in the middle section. Carapace in dorsal
view evenly biconvex; carapace thickest posterior of mid-
length; posterior more obtuse than anterior.

Left valve slightly larger than right, insignificant overlap
around the entire carapace.

Valve surfaces lack ornamentation, usually extremely
smooth to porcelanous.

Internal characteristics unknown.

Paleoecology.—Specimens of Pattersoncypris sinuata from
the Alagamar Formation, Potiguar Basin, have been inter-
preted to have been deposited in a hypohaline lacustrine
environment, suggesting that this species was capable of
tolerating higher salinities than Darwinula, Cypridea, and
Theriosynoecum (Do Carmo et al., 1999).

Remarks.—The holotype specimen of Pattersoncypris si-
nuata (Fig. 4.2) is quite small, suggesting to some authors
(e.g., Do Carmo et al., 2008) that it represents a subadult
instar. This cannot be assessed at the present time due to the
lack of comparative material available to the authors.
Nonetheless, this species is easily distinguished from P.
micropapillosa by the reduced strength of the dorsomedian
hump and the presence of a ventral concavity, and from P.
salitrensis and P. micropapillosa by the sharp posteroventral
slope of the posterodorsal margin.

PATTERSONCYPRIS SALITRENSIS (Krommelbein and Weber, 1971)

1971 Hourcgia angulata salitrensis KROMMELBEIN AND
WEBER, p. 37, pl. 6, fig. 26a-26c.
21967 Hourcgia? sp. GREKOFF AND KROMMELBEIN, p. 1350,
pl. 8, fig. 50a, 50b.
1972 Pattersoncypris angulata salitrensis (Krommelbein and
Weber); BATE, p. 389, text-fig. 11c, 11d, 11f.
2985 “Cytheridea’? sp. sp. gr. 201/218 MOURA AND PRACA,
p-1212,pl.2,fig. 24.
21988 ““Cypridea” spp. ex. gr. 201/218 MOURA, p. 407, pl.
2, fig. 12.
non 1990 Hourcgia angulata salitrensis Krommelbein and
Weber; DEPECHE, BERTHOU, AND CAMPOS, pl. 3, fig.
14.
1990 Hourcgia cf. angulata salitrensis Krommelbein
and Weber; SILVA-TELLES AND VIANA, pl. 2, fig. 8.
1997 Hourcgia gr. angulata Krommelbein and Weber;
COLIN AND DEPECHE, p. 442, fig. 6, no. 17.
2002a Harbinia salytrensis [sic] (Krommelbein and Weber);
SYRIO AND R10S-NETTO, p. 69, fig. 1, no. 3.
2006 Harbinia salitrensis (Krommelbein and Weber); RAMOS,
ROSSETTI, AND PAZ, p. 344, fig. 4Q, 45, 4T, non 4R.
2008 Harbinia salitrensis (Krommelbein and Weber); Do
CARMO, WHATLEY, NETO, AND COIMBRA, p. 795, fig. 6,
no. 8.

Diagnosis.—A large Pattersoncypris species very similar to
Pattersoncypris micropapillosa. Differentiated from this spe-
cies on the basis of its slightly concave ventral margin, the
greater overlap of the right valve by the left at the anterodorsal
margin, and the less accentuated nature of the dorsomedian
hump. Distinguished from Pattersoncypris sinuata by the more
gradual slope of the posterodorsal margin.

Holotype.—One carapace, BfB, Typ.-Nr. 7798, held in the
BGR. Length 1.14 mm; height 0.77 mm; width 0.64 mm.

Type locality and horizon.—Santana Formation (above the
fish beds), Araripe Basin, Pernambuco State, Brazil (Krom-
melbein and Weber, 1971).

non
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Occurrence—Aptian (Krommelbein and Weber, 1971;
Bate, 1999) sediments pertaining to the Brazilian ostracod
Zone 011 (Do Carmo et al., 2008) of the Araripe (Krommel-
bein and Weber, 1971; Syrio and Rios-Netto, 2002a; Do
Carmo et al., 2008), Grajat (Ramos et al., 2006) and ?Campos
(Moura and Praga, 1985; Moura, 1988) basins, Brazil; possibly
also present in Chad (Colin and Dépéche, 1997).

Description.—Translated and modified from Krémmelbein
and Weber (1971). Carapace ovate in lateral view. Dorsal
margin with clear dorsomedian hump; accordingly, maximum
carapace height approximately at mid-length. Anterior margin
obliquely rounded, transitioning into the slightly concave
anterodorsal margin before merging with dorsomedian hump.
Posterodorsal (hinge) margin slopes relatively steeply to the
posterior, with a rounded but noticeable posterodorsal angle
leading into in the more acutely-rounded posterior margin.
Ventral margin slightly concave.

Carapace thickly fusiform in dorsal view. Greatest carapace
thickness posterior of the mid-length. Carapace tapered
anteriorly, moderately obtuse posteriorly. Left valve larger
than right, overlapping only slightly along the free margins,
clearest along the anterodorsal margin where the right valve is
more concave than the left.

Valve surfaces quite smooth without clear fine sculpture.

Internal characteristics unknown.

Paleoecology.—Saline lacustrine (Bate, 1999).

Remarks.—Pattersoncypris salitrensis (Fig. 4.3) was first
reported from sediments of the Santana Formation above
those containing fish nodules. Perhaps unsurprisingly, Patter-
soncypris micropapillosa, which was first found within the fish
nodule layer, is quite similar to Pattersoncypris salitrensis. The
major differences between the two are the anterodorsal
overlap of the right valve by the left, which is greater in
Pattersoncypris salitrensis than in Pattersoncypris micropapil-
losa; the expression of the posterior cardinal angle, which is
greater in Pattersoncypris salitrensis than in Pattersoncypris
micropapillosa; and the ventral margin, which in Pattersoncypris
salitrensis is always slightly concave but is straight or slightly
convex in Pattersoncypris micropapillosa.

Subfamily ?CYPRINOTINAE Bronstein, 1947
Genus KROEMMELBEINCYPRIS new genus

Type species.—Kroemmelbeincypris symmetrica (Krommel-
bein and Weber, 1971).

Included species.—Kroemmelbeincypris symmetrica (Krom-
melbein and Weber, 1971) (Hourcqia), Kroemmelbeincypris
angulata (Krommelbein and Weber, 1971) (Hourcgia).

Etymology.—In honor of Karl Krommelbein, whose
pioneering studies of Lower Cretaceous deposits in northeast-
ern Brazil and western Africa provided the foundation for the
ostracod zonation scheme which remains critical for biostrati-
graphic control in the offshore basins surrounding the South
Atlantic Ocean.

Diagnosis.—Carapace pentagonal-ovoid in lateral view.
Greatest carapace height anterior of mid-point. Anterior
margin obliquely rounded, anterodorsal margin convex. Dorsal
margin roof-shaped, sloping anteriorly and ventrally. Postero-
dorsal margin slightly convex or straight, posterior margin
slightly anteroventrally inclined. Ventral margin convex. Left
valve larger than right, slight overlap on all free margins. Fine
ornamentation expressed as tessellation: strong in some
specimens, absent in others. Absence of this patterning may
be a preservational artifact (e.g., internal casts) or an indicator
of ecophenotypic variation within this species. No recognized
sexual dimorphism.
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Occurrence.—Aptian (Bate, 1999) of the eastern Brazilian
Parana (Krommelbein and Weber, 1971) and Araripe
(Dépéche et al., 1990; Coimbra et al., 2002) basins, as well
as western Africa (Bate, 1999).

Paleoecology.—Saline lacustrine (Bate, 1999).

Remarks.—The species Kroemmelbeincypris symmetrica and
Kroemmelbeincypris angulata are removed from Pattersoncypris
on the basis of a number of morphological differences: the
anterodorsal margin of the right valve is straight (not concave
as in Pattersoncypris), the posterior margin slopes anteroven-
trally (not being rounded), the ventral margin is weakly convex
(not straight or concave), and a tessellated pattern covers the
entire carapace (not papillate or smooth). In fact, neither
Kroemmelbeincypris symmetrica or Kroemmelbeincypris angu-
lata, which were originally described as subspecies of Hourcgia
angulata, Hourcqia angulata symmetrica and Hourcqia angulata
angulata, were officially assigned to Pattersoncypris, despite the
fact that numerous papers refer to these species by this genus
name (Grosdidier et al., 1996; Bate, 1999; Coimbra et al., 2002).
This referral was probably presumed (or assumed) because two
other subspecies of H. angulata (sinuata and salitrensis) were
referred to Pattersoncypris by Bate (1972).

Since no muscle scars or internal characteristics are known for
either species of Kroemmelbeincypris, its precise relationships to
other ostracods are based only on external features. It is probable
that this genus is closely related to Pattersoncypris, though K
symmetrica and K. angulata clearly comprise a separate radiation
from P. micropapillosa, P. salitrensis and P. sinuata.

KROEMMELBEINCYPRIS SYMMETRICA (Krommelbein and
Weber, 1971)

1971 Hourcqgia angulata symmetrica KROMMELBEIN AND
WEBER, pl. 6, fig. 25a-25c.

1990 Cultella sp. 1 DEPECHE, BERTHOU, AND CAMPOS, pl.
2, fig. 2.
1990 Pattersoncypris  micropapillosa  (Krommelbein and

Weber); DEPECHE, BERTHOU, AND CAMPOS, pl. 3, fig. 6.

1990 Pattersoncypris cf. angulata angulata (Krommelbein
and Weber). MUSACCHIO, p. 564, pl. 1, fig. 4.
Hourcgia angulata symmetrica Krommelbein and
Weber; SILVA-TELLES AND VIANA, pl. 1; pl. 3, fig. 8.
Pattersoncypris angulata symmetrica (Krommelbein
and Weber); BATE, p. 289, fig. 3.
Pattersoncypris angulata symmetrica (Krommelbein and
Weber); COIMBRA, ARAI, AND CARRENO, fig. 4, no. 30.
2004 Harbinia symmetrica? (Krommelbein and Weber);
Do CARMO, TOMASSI, AND OLIVEIRA, fig. 4, no. 1.
2004 Harbinia sp. | DO CARMO, TOMASSI, AND OLIVEIRA,
fig. 4, no. 2.
2006 Harbinia aff. H. symmetrica (Krommelbein and
Weber); RAMOS, ROSSETTI, AND PAZ, p. 344, fig. AM-4P.
Harbinia symmetrica (Kréommelbein and Weber); Do
CARMO, WHATLEY, NETO, AND COIMBRA, fig. 6, no. 9.

Diagnosis.—A species of Kroemmelbeincypris distinguished
from Kroemmelbeincypris angulata by the greatest carapace
height being only slightly anterior of the mid-point, which gives
the carapace a symmetrical appearance. Distinguished from
species of Pattersoncypris by the reduced development of the
anterodorsal concavity associated with the nearly symmetrical
inclination of the anterodorsal and posterodorsal margins, and
the slightly anteroventrally inclined posterior margin.

Holotype.—One carapace, BfB, Typ.-Nr. 7797, held in the
BGR. Length 1.12 mm; height 0.72 mm; width 0.58 mm.

Type locality and horizon.—Vgst-1-Ma well, 384 m rinse
sample, Cod6 Formation, Parana Basin, Maranhao State, Brazil.

1990

1999

2002

non

non

2008
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Occurrence—Aptian (Krommelbein and Weber, 1971);
found throughout the Rio da Batateira Formation and the
Crato, Ipubi and Romualdo members, which comprise the
Santana Formation in the Araripe Basin (Coimbra et al., 2002)
and are referable to Brazilian Zone 011 (Moura, 1987, 1988; Do
Carmo et al., 2008); also present in the Gamba Formation in the
Gabon Basin, and the Chela Formation in the Congo and
Cabinda basins (Bate, 1999), referable to African Zones AS11-
AS12 (Grosdidier et al., 1996; Bate, 1999).

Description.—Translated and modified from Krommelbein
and Weber (1971). Stretched ovate-pentagonal in lateral view.
Anterior margin obliquely rounded, anterodorsal margin less
steeply-sloping than posterodorsal margin, slightly convex. Dorsal
margin broadly roof-shaped (*); maximum height of carapace
slightly anterior of mid-length. Hinge margin slopes gently to
posterodorsal cardinal angle, where the margin curves sharply into
the anteroventrally oriented posterior margin. Posteroventral
margin slightly less sharply curved, merging relatively smoothly
with ventral margin. Ventral margin weakly convex.

Carapace evenly biconvex in dorsal view, tapering slightly
more towards the anterior. Greatest carapace thickness
posterior of the mid-length.

Left valve larger than right, slightly overlapping at the free
margins.

Valve surfaces with fine tessellated ornamentation, gives the
carapace a leathery appearance. Some referred specimens
demonstrate reduced or no ornamentation.

Internal characteristics unknown.

Paleoecology.—Saline lacustrine (Bate, 1999).

Remarks.—Kroemmelbeincypris symmetrica (Fig. 4.4) is an
extremely important taxon in the South Atlantic Pre-Salt, as it is
the zone marker for the AS12 Zone (Grosdidier et al., 1996;
Bate, 1999) on the western African side and Zone 011 on the
Brazilian side (Do Carmo et al., 2008). Krommelbein and Weber
considered Pattersoncypris salitrensis to be the closest relative of
Kroemmelbeincypris symmetrica. However, the holotypes of
Kroemmelbeincypris symmetrica and Kroemmelbeincypris angu-
lata show numerous shared characteristics of the anterodorsal,
posterior and ventral margins as well as similar ornamentation,
suggesting that the relationship between these two species is
closer. Some referred specimens show more similarity to
Pattersoncypris salitrensis, in particular the specimen illustrated
by Do Carmo and colleagues (2008, fig. 6, no. 9).

An ontogenetic series of Kroemmelbeincypris symmetrica
was published by Silva-Telles and Viana (1990) based on
specimens from the uppermost Romualdo Member of the
Santana Formation. However, the largest specimens recorded
were only 0.95 mm long, whilst the holotype of K. symmetrica
is 1.12 mm; this suggests that the true adult and A-1 instar
may not have been observed.

KROEMMELBEINCYPRIS ANGULATA (Krommelbein and
Weber, 1971)

1971 Hourcqia angulata angulata KROMMELBEIN AND
WEBER, pl. 6, fig. 23a-23c.

1989  Hourcqia angulata angulata Krommelbein and Weber;
VIANA, BRITO, AND SILVA-TELLES, p. 216, fig. 2a-2c.

Mon 1990 Hourcgia angulata angulata Krommelbein and Weber;
DEPECHE, BERTHOU, AND CAMPOS, p. 303, pl. 1, figs. 1, 2.

non 1990 Hourcqia angulata Krommelbein and Weber;
DEPECHE, BERTHOU, AND CAMPOS, p. 305, pl. 2, figs.
4-6; p. 307, pl. 3, figs. 10, 11.

non 1990 Hourcqia angulata angulata Krommelbein and Weber;

DEPECHE, BERTHOU, AND CAMPOS, p. 307, pl. 3, figs. 8, 17,
18.
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non 1990 Pattersoncypris cf. angulata angulata (Krom-
melbein and Weber); MUSACCHIO, p. 564, pl. 1, fig. 4.
Mon 1990 Hourcgia angulata angulata Krommelbein and
Weber; SILVA-TELLES AND VIANA, p. 327, pl. 3, fig. 3.
21990 Hourcqia angulata ssp. Krommelbein and Weber;
SILVA-TELLES AND VIANA, p. 327, pl. 3, fig. 4.
non 1997 Hourcqia gr. angulata Krommelbein and Weber;
COLINAND DEPECHE, p. 442, fig. 2, no. 19; fig. 6, no. 17.
2002  Pattersoncypris angulata angulata (Krommelbein and
Weber); COIMBRA, ARAI, AND CARRENO, fig. 4, no. 29.
Mon 2006 Harbinia angulata (Krommelbein and Weber);
RAMOS, ROSSETTI, AND PAz, p. 344, fig. 4E-4H.
2008 Harbinia angulata (Krommelbein and Weber); Do

CARMO, WHATLEY, NETO, AND COIMBRA, p. 795, fig.
6, no. 11.

Diagnosis.—Differentiated from K symmetrica by the
strongly anteroventral angle of the posterior margin, the
anterior shift of the greatest carapace height, and stronger
tessellation. Distinguished from species of Pattersoncypris by
the angular outline of the carapace and the presence of
tessellation on the entire surface of both valves.

Holotype.—One carapace, BfB, Typ.-Nr. 7795, held in the
BGR. Length 0.86 mm; height 0.58 mm; thickness 0.42 mm.

Type locality and horizon.—Pia-3-Al well, 1,140-1,170 m
core sample, Alagoas, Brazil. Originally cited as deriving from
the non-marine Riachuelo Formation (Krémmelbein and
Weber, 1971), this formation was redefined by Feijo (1994)
to include only marine sediments, as noted by Do Carmo et al.
(2008) who identified the Maceié Formation as a possible type
locality for this species. Campos Neto et al. (2007) identified
the Muribeca Formation between the Macei6é and Riachuelo
formations; this formation may also be a potential candidate
for the provenance of the holotype of this species.

Occurrence—Aptian (Krommelbein and Weber, 1971),
Brazilian Zone 011 (Coimbra et al., 2002; Do Carmo et al.,
2008); present in the uppermost Pre-Salt strata in the Alagoas
Basin (Krommelbein and Weber, 1971); also identified
throughout the Rio da Batateira Formation and the Crato,
Ipubi and Romualdo members which comprise the Santana
Formation (Coimbra et al., 2002).

Description.—Translated and modified from Krommelbein
and Weber (1971). Carapace in lateral view inclined-trapezoidal.
Dorsal margin angled in an angular roof-like () fashion typical
for the genus. Maximum height of carapace anterior of the mid-
length; hinge region relatively straight, terminating and curving
acutely at the posterior margin, forming a distinct cardinal angle.
Posterior margin sub-straight. Anterior margin obliquely round-
ed from the dorsal (the point of greatest carapace height) to the
ventral margin. Ventral margin more-or-less straight, can be
slightly convex.

Carapace in dorsal view evenly biconvex; greatest thickness
approximately in the middle, valve margin practically straight.

Left valve larger than right, greatest degree of overlap in the
anterodorsal margin (immediately anterior of the maximum
carapace height) and, to a lesser degree, in the posterodorsal
margin (near the cardinal angle).

Primary ornamentation is not present, though the curvature
of the anterodorsal, anterior and anteroventral regions is
sometimes characterized by a very shallow depression. Second-
ary ornamentation is present in the form of raised oblong peaks,
which give the valves a tessellated or scaly appearance.

Internal characteristics unknown.

Paleoecology.—Saline lacustrine (Viana et al., 1989).

Remarks.—Kroemmelbeincypris angulata (Fig. 4.5) appears
to be most closely related to Kroemmelbeincypris symmetrica,
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FIGURE 5—Inferred relationships of the various species herein assigned to the genus Hourcqia. Hourcqia bateke and H. africana are inferred to be
closely related on the basis of a specimen referred to H. africana by Grosdidier and Bignoumba (1984). Hourcqia sylvesterbradleyi and H. kouilouensis are
linked because both display ecophenotypic variation in node development. Hourcgia is inferred to be related to the genus Cypridea due to perceived
similarities between H. confluens and C. tchibodaensis, which has an “inverse” valve-size ratio (as does Hourcqia) yet possesses a rostrum.

with which it shares several characteristics pertaining to the
anterodorsal, posterior and ventral margins, as well as
distinctive tessellated ornamentation. It has been shown to
be a contemporary of this species in the Araripe Basin
(Coimbra et al., 2002), and the fact that K. symmetrica is the
index taxon of the African AS12 Zone (Grosdidier et al., 1996;
Bate, 1999) suggests that K. angulata may also be present in
sediments of this age. Furthermore, given that the holotypes of
K. angulata and P. sinuata were found in the same formation
(Riachuelo) in the same basin (Alagoas) by Krommelbein and
Weber (1971), it is likely that their stratigraphic ranges
overlap. This supports the interpretation made by Do Carmo
et al. (2008) that both species of Kroemmelbeincypris (K.
symmetrica, K. angulata) and all three species of Pattersoncy-
pris (P. micropapillosa, P. sinuata, P. salitrensis) are able to be
used as indicators of the Brazilian Zone 011.

DISCUSSION

The genus Hourcqia is distinct from the genus Cypridea, and
Pattersoncypris is not synonymous with Harbinia. The descrip-
tion of Hourcgia has been modified to include species
demonstrating ecophenotypic variation (H. kouilouensis, H.
sylvesterbradleyi), with a crucial characteristic of the genus
being that the right valve is larger than the left (H. africana, H.
confluens, H. bateke). The definition of Pattersoncypris has been
restricted to include only three species based on the presence of
an anterodorsal concavity on the right valve which facilitates
overlap of the right by the left (P. micropapillosa, P. angulata, P.
salitrensis). Finally, two species formerly assigned to Hourcqia,

https://doi.org/10.1666/11-140R.1 Published online by Cambridge University Press

and subsequently (unofficially) transferred to Pattersoncypris,
are shown to be sufficiently different to warrant the erection of
the new genus Kroemmelbeincypris (K. symmetrica and K
angulata). All three of these genera are members of the
Cypridoidea and are key markers of the uppermost Pre-Salt
sequence in eastern Brazil and western Africa.

The similarities between Cypridea tchibodaensis and Hourcqia
confluens may suggest a close relationship between these two
species. As noted above, if the rostrum of C. tchibodaensis was
further reduced to the point of being non-existent, retention of
the species within the genus Cypridea would be indefensible. It
is possible that Hourcgia is a cyprideid ostracod which evolved
in response to increasingly saline lacustrine conditions in the
paleo-South Atlantic. The presence or absence of nodes in
the species H. kouilouensis and H. sylvesterbradleyi has been
attributed to ecophenotypic variation. Indeed, Moura (1987)
only identified the smooth Limnocypridea? subquadrata nomen
nudum (here referred to H. kouilouensis) in the uppermost Zone
009.3, whilst ornamented H. kouilouensis specimens were
present from the base of the zone.

A close relationship between Hourcgia africana and H. bateke
is proposed (Fig. 5) based on the overall morphological
similarities between the two species and their close stratigraphic
association. The main difference between the two species (aside
from the conical protrusion sometimes present in H. bateke) is
the degree of valve overlap (less pronounced in H. africana than
in H. bateke). However, a specimen referred to H. africana by
Grosdidier and Bignoumba (1984), demonstrates a greater
degree of valve overlap than in any other H. africana specimen
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FIGURE 6—Inferred relationships of the species assigned to the genera Pattersoncypris and Kroemmelbeincypris. The two genera are differentiated on
the basis of the anterodorsal margin which is concave on one or both of the valve is Pattersoncypris but sub-straight to convex on both valves in
Kroemmelbeincypris and the posterior margin which is obtusely rounded in Partersoncypris but anteroventrally inclined and sub-straight in
Kroemmelbeincypris. Pattersoncypris salitrensis and P. micropapillosa are closely related; it is possible that P. sinuata represents a juvenile of one of these
species. Kroemmelbeincypris angulata and K. symmetrica differ in the position of the greatest carapace height (slightly more anterior in K. angulata) and
the degree of anteroventral inclination of the posterior margin (greater in K. angulata).

but less than is observed in H. bateke. Indeed, rich populations
of H. africana recently observed by one of the authors (JPC)
from the Congo demonstrate great variability in the degree of
valve overlap. Given that they have been shown to co-occur in
the Campos Basin (Silva-Telles, 1992), and based on their
overall morphological similarity, a close relationship between
these two species seems reasonable.

The relationships of the species Pattersoncypris micropapil-
losa have been well-established on the basis of studies of the
appendages (Bate, 1971, 1972, 1973; Smith, 2000a), internal
features of the carapace (Smith, 2000a) and the internal organs
(Matzke-Karasz et al., 2009). This form is clearly referable to
the Cyprididae (Smith, 2000b), and can be further assigned to
the Cyprinotinae (Smith, 2000a; Do Carmo et al., 2008).
Pattersoncypris salitrensis and P. sinuata are clearly related to
P. micropapillosa, hence they are referred to the same family
(Fig. 6). The transfer of K. symmetrica and K. angulata from
Pattersoncypris to Kroemmelbeincypris means that their exact
relationships remain uncertain, due to the fact that muscle
scars, appendages and internal organs are not known for
either species. Based on the overall morphological similarities
shared by the two genera, it is possible that Kroemmelbeincy-
pris is closely related to Pattersoncypris, although herein it is
only tentatively referred to the Cyprinotinae.
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CONCLUSIONS

The primary aim of this paper was to reassess the taxonomic
status of the genera Hourcqia and Pattersoncypris, which were
synonymized with Cypridea and Harbinia respectively by Do
Carmo et al. (2008). Hourcgia was removed from the genus
Cypridea on the grounds that no anteroventral rostrum was
observable on the holotype specimen of the type species H.
africana. Pattersoncypris was removed from the genus
Harbinia based on a number of morphological characteristics
and due to the fact that the two genera demonstrate no
geographic or temporal overlap. In order to more precisely
define the genus Pattersoncypris, two species were transferred to
the new genus Kroemmelbeincypris, since they lack the
dorsomedian hump-accentuating anterodorsal concavity which
characterizes the former genus.

This paper also aimed to reassess the stratigraphic utility of
the ostracod species discussed in the Lower Cretaceous
sediments of South Atlantic offshore basins. The renewed
separation of Hourcqia africana and H. confluens resulted in
the former being diagnostic of the African ASI0 Zone
(Grosdidier et al., 1996), whilst the latter regained its identity
as an indicator of the African AS9 Zone (Bate, 1999).
Hourcgia africana is also characteristic of the OS-1020
Subzone in the Campos Basin (Silva-Telles, 1992). The other
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three species referred to Hourcqia can also be used to
distinguish the AS9 and AS10 zones, since H. kouilouensis
and H. sylvesterbradleyi are listed as contemporaries of H.
confluens (Bate, 1999), whilst H. bateke characterizes the OS-
1000 Zone (of which the OS-1020 Subzone is a subdivision)
(Silva-Telles, 1992). All three species of Pattersoncypris and
both species of Kroemmelbeincypris were identified as index
taxa for the Brazilian Zone 011 by Do Carmo et al. (2008).
Only two of these species were identified as markers for the
African Pre-Salt zones: Pattersoncypris salitrensis for the AS11
Zone, Kroemmelbeincypris symmetrica for the ASI12 Zone
(Bate, 1999). However, given that P. micropapillosa and K.
angulata have been identified as contemporaries of K
symmetrica in the Araripe Basin (Coimbra et al., 2002), and
the fact that the type specimen of P. sinuata was derived from
the same formation as that of K. angulata, the assessment of
Do Carmo et al. (2008) that all of these species can be used to
typify the Brazilian Zone 011 appears to be correct (Fig. 2).
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