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Recent lacustrine Ostracoda and a first transfer function for
palaeo-water depth estimation in Nam Co, southern Tibetan
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3 Institute of Tibetan Plateau, Chinese Academy of Science, Beijing 100085, P. R. China. Ipzhu@itpcas.ac.cn

Resumen

Se analizan las asociaciones de ostracodos de Nam Co con el objetivo de disefiar la toma de datos para reconstruir los cambios del
nivel de agua que sufri6 este lago salado durante el Holoceno. Con el fin de analizar las tafocenosis recientes de ostracodos, se rea-
lizé un transecto en el que se recogieron noventa muestras tomadas entre 2 y 64 m de profundidad. Las muestras contenian abun-
dantes ostracodos, mas de 1.000 valvas por gramo de sedimento, pero presentaron una baja diversidad de especies. Las seis especies
documentadas son, en orden decreciente de dominancia, Leucocytherella sinensis Huang 1982, ¢Leucocythere dorsotuberosa Huang
1982, Fabaeformiscandona danielopoli Yin & Martens 1997, Ilyocypris cf. mongolica Martens 1991, Candona candida (O.F. Miiller
1776) and Limnocythere inopinata (Baird 1843). En conjunto, L. sinensis y ?L. dorsotuberosa integraron alrededor del 90% de las aso-
ciaciones. ?L. dorsotuberosa mostré una alta variabilidad morfolégica. Leucocythere postilirata Pang 1985 se considera en este trabajo
como un morfotipo de ?L. dorsotuberosa con carenas posteriores, medio-ventrales y anteriores semejantes a pliegues sobresalientes
de la concha. Esta forma aparecié por debajo de la termoclina (20-30 m de profundidad) y llegé a ser mds abundante segiin aumen-
taba la profundidad. /. cf. mongolica y L. inopinata fueron especies tipicas de aguas someras (<10 m). Por debajo de esta profundi-
dad sé6lo se encuentran unas pocas valvas desarticuladas de ambas especies. El género Candona se hall6 en gran nimero,
probablemente representado por dos especies diferentes en aguas someras (C. candida) y profundas (C. xizangensis). La especie F. da-
nielopoli mostré una mayor abundancia alrededor del nivel de termoclina. Considerando los resultados obtenidos, ?L. dorsotuberosa
f. postilirata, I. cf. mongolica, F. danielopoli, Candona spp. y L. inopinata pueden ser usadas como indicadores de la profundidad de
las aguas en Nam Co. Si excluimos a L. inopinata, teniendo en cuenta los datos de dominancia del resto de las especies identifica-
das, se ha construido una funcién de transferencia para inferir la paleoprofundidad de las aguas en Nam Co, que cubre un intervalo
de profundiades entre 3,7 y 64 m y presenta un error estandar de 7,6 m.

Palabras clave: Crustacea, Ostracoda, paleolimnologia, ecologia acuatica, aguas salobres athalasicas, nivel de aguas lacustres, Tibet.

Abstract

Ostracod assemblages from Nam Co were analyzed to design a training set for reconstructing Holocene water level changes in this
saline lake. A transect consisting of nineteen surface sediment samples taken from 2 m to 64 m water depth was used to analyze Re-
cent ostracod taphocoenoses. The samples contained abundant ostracods of up to about 1000 valves per gram sediment but display
low species diversity. The six documented species are, in descending order of dominance, Leucocytherella sinensis Huang, 1982,
?Leucocythere dorsotuberosa Huang, 1982, Fabaeformiscandona danielopoliYin & Martens, 1997, llyocypris cf. mongolica Martens,
1991, Candona candida (O.F. Miiller, 1776) and Limnocythere inopinata (Baird, 1843). L. sinensis and ?L. dorsotuberosa together com-
posed about 90 % of the associations. ?L. dorsotuberosa showed high morphological variability. Leucocythere postilirata Pang, 1985
is regarded here as a morphotype of ?L. dorsotuberosa with pronounced posterior, medio-ventral and anterior carinae as protruding
foldings of the shell. This form occurred below the thermocline (20 — 30 m water depth) and became more abundant with increasing



Revista Espafola de Micropaleontologia / v. 41 / n° 1-2 / 2009

depth. I. cf. mongolica and L. inopinata were typical of shallow water (<10 m). Below this depth only very few single valves of both
species were found. The genus Candona occurred in larger numbers probably with two different species in shallow (C. candida) and
deep (C. xizangensis) water. F. danielopoli showed highest abundance around the thermocline level. Regarding our results, ?L. dorso-
tuberosa f. postilirata, I. cf. mongolica, F. danielopoli, Candona and L. inopinata can be used as water depth indicators in Nam Co.
Based on the dominance data of these taxa, except L. inopinata, we set up a transfer function for palaeo-water depth in Nam Co which
covers a water depth interval of 3.7 to 64 m and displays a standard error of 7.6 m.

Keywords: Crustacea, Ostracoda, palaeolimnology, aquatic ecology, athalassic brackish water, lake level, Tibet.

1. INTRODUCTION

Nam Co (other names are Namu Cuo and Tengri Nor) and
its catchment is the highest and largest lake system on the
Tibetan Plateau. The lake is influenced by the intersection
of the Southasian or Indian and Eastasian summer mon-
soon and the winter monsoon, which is composed of the
Northeast monsoon and the Eastasian winter monsoon as
well as the Westerlies. These all brings moisture in differ-
ent amounts to the lake system and makes it a very sensi-
tive and therefore well-suited area for studying monsoon
dynamics. The lake level is an important indicator for
modeling hydrological system changes within the Nam
Co area. It can be reconstructed in time and space using
different methods such as geomorphology, sedimentology
and geochemistry. Here, we want to highlight the poten-
tial of micropalaeontological proxies from sediment cores
for lake level reconstruction. Ostracods are, besides di-
atoms, the most abundant aquatic taxa with well pre-
served hard parts in Nam Co. In contrast to diatoms, they
are preserved in both surface sediments and sediment
cores. Thus, they are the biological proxies with the high-
est potential for palaeoenvironmental reconstructions in
the lacustrine environment of Nam Co. The value of ostra-
cods as proxies in palaeolimnological research has been
shown for other areas before (e.g. Loffler, 1997; Giriffiths
& Holmes, 2000; Holmes, 2001; Boomer et al., 2003;
Curry, 2003; Schwalb, 2003). Transfer functions are still
rare within the published ostracod literature (Mezquita et
al., 2005; Viehberg, 2006; Mischke et al., 2007). A first
and so far only transfer function for water depth was pre-
sented by Mourgiart & Roux (1990) and Mourgiart & Car-
(1994) for the
demonstrated a valuable application for this parameter be-

bonel Bolivian Altiplano. They
cause a transfer function allows the quantitative recon-

struction of parameters and the estimation of an error of

prediction. This is of course very promising for the recon-
struction of palaeo-lake levels in the Nam Co area also.
Because the knowledge of ostracod taxonomy, ecology
and distribution is rather poor for the Tibetan Plateau and
there are only few publications on Recent ostracods from
this region and most of them are published in Chinese
(Chen, 1982; Yang et al., 1982; Huang et al., 1985; Li et
al., 2001) and are thus not easily accessible for the inter-
national research community, we documented taxonomy
and morphology of the present taxa a little more in detail.
On this base, we analyzed Recent ostracod associations
from a water depth transect in Nam Co and designed an
ostracod-based water depth transfer function in order to
reconstruct Holocene lake level variations from sediment
cores.

2. STUDY AREA

Nam Co is situated in the southeastern part of the Tibetan
Plateau (30°30’-35" N, 90°16’-91°03’ E; Fig. 1). The lake
is located in an altitude of 4718 m a.s.l. (T. Yao, pers.
comm.) and covers an area of 1961 km? (Williams, 1991)
with a maximum depth of 105 m (G. Daut, pers. comm.).
A hydrological study in August and September 2005 found
the lake water to be well mixed (Zhang et al., 2006). The
catchment area is at the earth’s surface a hydrologically
closed basin. Precipitation arrives mainly with the South-
west Asian Monsoon during the summer months with 300
to 400 mm per year. Annual evaporation exceeds 2400
mm (T. Yao, pers. comm.). The temperature varies strongly
between -10 and 9 °C with an annual mean of 0 °C (Fig.
2). The dominating anions of Nam Co surface water are
HCO, and SO,*, the main cations Na* and Mg?* (Table
1). The Ca?* concentration is very low (Zhang et al., 2006).
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Figure 1. Position of Lake Nam Co within the Himalayan Region (inset) and topography of the Nam Co area (A Datasource Landsat ETM 2007, B

modified after Owen et al., 2006).

lons Concentration [mg |']
Na* 170.5
NH,* 0.34
K+ 19.90
Mg2*+ 44.59
Ca?t 5.92
Cl- 44.76
NO," 0.20
50,> 147.6
HCO," 464.46
TDS 898.2

Table 1. Average concentration of main ions in surface water samples
taken from Nam Co in August/September 2005 (compiled from Zhang
et al., 2006).

3. MATERIAL AND METHODS

Eighteen samples from Nam Co were collected with an
Ekman grab (225 cm?) in August 2005 from water depths

ranging between 2 and 64 m in the eastern part of the lake
(Table 2, Fig. 3). The uppermost 1 — 2 cm of oxidized sed-
iment were isolated and used for ostracod analysis. One
additional sediment sample, taken in August, 2004, was
provided by Ines Migler (MPI Jena). The geographical po-
sition was documented by GPS.

In September, 2005, physico-chemical water characteris-
tics were measured in the water column down to a water
depth of 53 m (Fig. 3) within the embayment where most
of our stations are situated. These were then interpolated
for the water depths of our sediment sampling stations
within the lake. Water samples were collected in 1 | bot-
tles and measured with a multi-probe (temperature, pH,
conductivity, O, concentration) immediately after reach-
ing the water surface. The water sample temperature dif-
fered less than 7 K between sampling and processing. The
salinity was calculated from conductivity values follow-
ing Fofonoff & Millard (1983).
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Figure 2. Monthly average temperature and monthly precipitation at Nam Co in 2005/2006 compiled from data of You et al. (2006).

Water a
depth Habitat

8/2005 | 2.0 m |dark-brown greyish silt
8/2005 | 3.7 m |grey beige sandy silt

8/2005 | 5.7 m |dark brown coarse sand
8/2005 | 7.2 m |dark grey coarse sand, detritus
8/2005 | 9.2 m |dark grey coarse sand

8/2004 | 10 m |grey beige silt, plants

8/2005 11 m_|reddish brown coarse sand
8/2005 15 m |dark grey brown coarse sand

Sample Date

Nam300805-02
Nam300805-01
Nam300805-03
Nam300805-04
Nam300805-05
NamSC001-1.5

Nam300805-06
Nam300805-07
Nam300805-08
Nam300805-09
Nam300805-10
Nam310805-03
Nam310805-01
Nam310805-02
Nam290805-01

8/2005 | 20 m |grey beige silty fine sand
8/2005 | 25 m |grey beige sandy silt
8/2005 | 30 m |grey beige silty fine sand
8/2005 | 35 m |grey beige silt

8/2005 | 40 m |grey beige sandy silt
8/2005 | 45 m |grey beige fine sand
8/2005 | 47 m |grey brown silt

Nam Co 4-2-2 9/2005 | 49 m |grey beige silt
Nam290805-02 | 8/2005 | 53 m |grey beige sandy silt
Nam-SClI-2 8/2005 | 60 m |grey beige silt, detritus
Nam Co 6-1-2 9/2005 | 64 m |grey beige silt

Table 2. Sampling dates with water depths and sediment character.

For isolating the ostracods from the sediment, about 5 g of
each sample were placed in a plastic bottle. A teaspoon of
sodium bicarbonate and 250 ml hot deionized water were
added. The sample was then placed in a freezer for 24 h
and frozen solid. After thawing, the disintegrated sediment
sample was washed through a 63 ym mesh sieve. The
residue was rinsed with deionized water and air dried. Os-
tracods were picked from dry residues using a fine paint
brush until a minimum of 300 valves, if present, was
reached. Counting of splits served as a base for total ostra-
cod number calculation.

We estimated proportions of hyaline, opaque and colored
valves, articulated valves, abraded/corroded and en-
crusted specimens, and documented carapaces contain-
ing soft parts for distinguishing autochthonous and
allochthonous/subfossil components of the ostracod asso-
ciations. Hyaline valves were considered as autochtho-
nous specimens in general. This is a simplification
because short distance or floated transport without dete-
rioration of the valve surface may have occurred. Analyz-
ing the population age structure of ostracod associations
is in general a powerful tool to distinguish between au-
tochthonous and allochthonous components (see Boomer
et al., 2003). However, ratios of adults versus juveniles of
the abundant species were not easily applicable for iden-
tifying allochthonous components in Nam Co because of
very similar species compositions in space and time. First
results from short cores of Nam Co showed the same dom-
inant species in similar proportions as today. Hence,
species represented by well preserved specimens and with
a high number of juveniles and individuals with soft parts
were regarded as collected from their natural habitat.

The ostracods were checked through stereo microscope
in reflected light and in some cases at higher magnifica-
tion in transmitted light for the identification of species.
In addition, SEM photographs of selected specimens were
used. The material is stored in the collection of the authors
at the Institut flir Umweltgeologie, Technische Universitat
Braunschweig.
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Figure 3. Locations of sampling stations in and around Lake Nam Co. Bathymetric map of entire lake from Wang & Zhu (2006). Isobaths in detail map
approximative.
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Diversity was measured using the Shannon-Wiener diver-
sity index (compare Spellerberg & Fedor, 2003).

We carried out Spearman Rank correlation and Canonical
Correspondence Analysis (CCA) using the program PAST
version 1.80 (Hammer et al., 2001). All samples with less
than 100 counted specimens were excluded from multi-
variate statistical analysis. This limit excludes the samples
from 2 and 5.7 to 11 m water depth from ostracod analy-
sis. Also, Limnocythere inopinata was excluded because it
occurs in one sample only. The Spearman Rank correla-
tion (Table 3) was used in order to show relationships be-
tween ostracod species dominances on one hand as well
as water and sediment parameters on the other hand. We
replaced pairs of highly correlating (>0.9) faunistic and
environmental parameters by one of these parameters
each for excluding distorting impacts onto the data ma-
trix before starting a CCA. Furthermore, conductivity was
excluded because its low variability is regarded as eco-
logically insignificant for the ostracods here. The CCA
should reveal factors that drive the distribution of ostra-
cod species and forms.

As a tool for reconstructing palaeo-water depths in Nam
Co from Holocene sediments, we created an ostracod
based transfer function. The principle of a transfer func-
tion was formulated by Imbrie & Kipp (1971) and consists
of two steps: first, the mathematical description of the
quantitative distribution of modern taxa in dependence of
a selected environmental parameter; second, the recon-
struction of this environmental parameter for past envi-
ronments using abundance or dominance data of taxa
from sediments of cores and outcrops. Details for our
transfer function are given within the Results section.

4. RESULTS
4.1. Water data and sediment characteristics

A thermocline was present in the water column of Nam
Co in September, 2005. Water temperature reached a
maximum of up to 13 °C above 20 m, and a minimum of
about 5.5 °C below 30 m water depth (Fig. 4). The pH val-
ues were relatively constant within water column (9.3 to

_q;) 3+

¢ | = E | 8 -
z £ = '§ é % @ \g é‘ 5
£ || 8| |5 | 8|32 | £ |88 | 8|5 | & |8 |C
depth <0.001| 0.003] 0.300 | 0.385| 0.090 0.570| 0.651] 0.533 | 0.726|<0.001| 0.627 | 0.399 | 0.347 | 0.530
temperature -0.95 <0.001| 0.166 | 0.556| 0.074 0.493 | 0.803| 0.260| 0.446|<0.001| 0.405| 0.705 | 0.244 | 0.313
conductivity 0.83 |[-0.90 | 0.069 | 0.556| 0.054 0.610| 0.676| 0.214 | 0.467| 0.014| 0.627| 0.497 | 0.214 | 0.211
0, 0.36 | -0.47 | 0.60 0.725| 0.042 0.978 | 0.713| 0.544 | 0.688| 0.260| 0.725| 0.723 | 0.947 | 0.061
silt 0.31]-021 | 021 | 0.13 0.022 0.120 | 0.244| 0.934| 0.803| 0.270| 0.580| 0.744 | 0.855 | 0.393
sand -0.56 | 059 | -0.62 |-0.65 |-0.71 0.736 | 0.200| 0.467 | 0.276| 0.019] 0.187| 0.770 | 0.726 | 0.372
LOI 0.24 | -029 | 0.21 | 0.01 | 0.60 |-0.14 0.095| 0.323 | -0.100| 0.287|-0.643 | 0.101 | 0.071 | 0.143
diversity -0.16 | 0.09 | -0.15 | 0.13 | 0.41 | -0.44 |[ 0.82 | 0.176 | 0.758| 0.141/-0.830| 0.725 | 0.552 | 0.097
ostracod number | 0.22 | -0.39 | 043 | 022 |-0.03 |-0.26 | 0.44 | 0.63 0.394| 0.350-0.382| 0.425 |-0.100 |-0.330
dorsotuberosa 0.13 ] 027 | 0.26 | 0.15 | 0.09 | -0.38 |[0.82 | 0.01 | 0.26 0.270/<0.001 | 0.021 | 0.676 | 0.530
postilirata | 0.89][-091] 074 | 039 | 039 | -0.72 | 049 | 070 | 0.32 | 039 0.144| 0.876 | 0.461 | 0.270
sinensis -0.18 | 030 | -0.18 |-0.13 |-0.20 | 0.46 | 0.09 |<0.01 | 0.28 [-0.95 | -0.50 0.018 | 0.533 | 0.579
mongolica 030 | 0.14 | -0.24 |-0.13 [-0.12 | 0.11 |/ 0.81 | 0.02 | 022 | 0.71 | -0.06 |-0.72 0.532 | 0.741
danielopoli -033 | 041 |-043 | 0.02 | 0.07 |-0.13 |[0.87 | 0.10 [0.78 | 0.15 | -0.26 |-0.22 | 0.22 0.554

Candona -0.23 | 036 | -0.43 [-0.61 | 030 | 032 ] 074 [ 079 | 035 |-0.23 | -0.39 | 0.20 | 0.12 | 0.21

Table 3. Spearman Rank correlation for water, sediment and ostracod data of fourteen stations from Nam Co.

Correlations with absolute values >0.9 are

shaded, printed bold and double framed, >0.75 bold and double framed and >0.50 bold. The upper right half of the matrix displays the probability p.
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Figure 4. Depth related variation of selected physico-chemical parameters measured in the water column. The shaded box shows the position of the

thermocline.

9.4). Conductivity values varied between 1885 and 1943
pS cm™ within the lake. This corresponds roughly to a
(calculated) salinity value of 1.3 %.. A slight increase of
conductivity from approximately 1890 to 1920 uS cm™
with water depth and water temperature within the ther-
mocline is documented between 20 and 30 m water
depth. The oxygen concentration was 4.7 mg "' in 0 to 11
m water depth and reached concentrations of about
6 mg =" below 15 m.

Nam Co sediments consisted mostly of clayey silts with
some fine and coarse sand. An additional sample taken in
10 m water depth from the 2004 sampling campaign
yielded silts with abundant plant fragments.

4.2. Ostracod abundance

All sediment samples yielded ostracods. The maximum
total abundance of all samples was 910 valves per gram
sediment in sample NamSC001-1.5 (Table 1) collected
from a water depth of 10 m in 2004. The minimum (2
valves per gram) was found in sample Nam300805-04 in
7.2 m water depth. Mean total abundance for Nam Co
was 115 valves per gram sediment.

Five of the nineteen surface sediment samples from Nam
Co showed a high proportion of opaque and coated
valves. This was associated with a very high proportion of
complete carapaces that were characterized by incrusta-
tions or distinct corrosion/abrasion marks (Fig. 5). These

Figure 5. Sediment character and preservation status of ostracods in surface sediments. Samples that are dominated by allochthonous or subfossil valves
are indicated by shaded boxes. ‘Sand’ comprises medium to coarse sand, ‘LOI’ shows loss on ignition and ‘Carapace’ the proportion of articulated valves.
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associations in samples collected from 2 m to 11 m water
depth are regarded as taphocoenoses, i.e. they do not rep-
resent Recent autochthonous communities by a thanato-
coenosis. Therefore, the hyaline valves from these samples
were counted separately as actual thanatocoenoses. In
consequence, the total number of identified autochtho-
nous ostracods within these samples was rather small with
less than 100 valves per sample.

The autochthonous abundance of ostracods from Nam Co
varied between 1 and 910 valves per gram sediment with
a mean of 104 valves per gram sediment (Fig. 6). Looking
into the abundance variance along the water depth pro-
file, we found an increase of autochthonous ostracod
abundance within the thermocline and a second peak at
about 45 m water depth. The sampling of the only phytal
habitat of our sample series (NamSCO001-1.5) showed an
extraordinary high abundance at 10 m water depth in con-
trast to the other sediment samples from macrophyte-bar-
ren shallow water.

4.3. Taxonomy

We found six ostracod species in our samples. Their valves
are extensively documented on plates 1 -3 and discussed
in the following because of the still poor knowledge on
most of these taxa.

1. Candona candida (O.F. Miiller, 1776) = Cypris candida
O.F. Miiller — [plate 1, fig. 9]

Except one female valve all specimens recorded are juve-
niles, which can not be certainly ascribed to C. candida.
We found subfossil valves of Candona xizangensis Huang,
1982 (in Huang et al., 1982) in short core samples from
Nam Co more frequently than C. candida. It is possible
that many of the juvenile Candona valves of the superfi-
cial sediment samples belong to C. xizangensis.

2. Fabaeformiscandona danielopoli Yin & Martens, 1997
[plate 1, fig. 10-11]

Only juvenile specimens could be documented. There-
fore, the identification remains uncertain. However, F.
danielopoli is present in subfossil samples from Nam Co.

3. ¢Leucocythere dorsotuberosa Huang, 1982 (in Huang
etal., 1982) — [plate 2]

Following Danielopol et al. (1989) and Martens (2000),
the genus Leucocythere possesses a characteristic hinge
with the anterior tooth on right valve considerably smaller
than the posterior tooth and a crenulated intercardinal bar.
In contrast, our specimens (plate 2, fig. 4) bear a
lophodont hinge. The assignment of Leucocythere dorso-
tuberosa Huang, 1982 to the genus Leucocythere has
been questioned by Danielopol et al. (1989: 78-80). Leu-
cocythere postilirata Pang, 1985 (in Pang et al., 1985) is re-
garded here as a morphotype of ?L. dorsotuberosa with
pronounced medio-ventral and anterior and often poste-
rior carinae as protruding foldings of the shell (plate 2, fig.
3, 6, 8-14). This morphological combination is more dis-
tinct in males than in females and goes hand in hand with
a thinner shell with less pronounced reticulation in our
material (e.g. plate 2, fig. 8). The form postilirata is con-
nected to the typical L. dorsotuberosa by transient mor-
photypes. A few carapaces with well developed posterior,
medio-ventral and anterior carinae on one valve and less
pronounced anterior and lacking posterior carinae on the
other valve were found within subfossil material from the
Nam Co area indicating a varying morphology rather than
a different species. Further investigations on soft parts is
needed to be carried out in order to review the systematic
position of ?Leucocythere dorsotuberosa and the postili-
rata form.

4. Leucocytherella sinensis Huang, 1982 (in Huang et al.,
1982) — [plate 3, fig. 2-16]

Valves lacking nodes and others with up to four lateral
nodes occur within our material. Limnocytherellina
bispinosa, L. trispinosa and L. kunlunensis, all described
by Pang (1985) and characterised by a different number
of lateral nodes, seem to be synonyms of Leucocytherella
sinensis.

5. Limnocythere inopinata (Baird, 1843) = Cythere in-
opinata Baird — [plate 3, fig. 1]

6. llyocypris cf. mongolica Martens, 1991 — [plate 1, fig.
1-8]

Lateral shape, size and surface ornamentation of our spec-
imens are very similar to those of I. mongolica described
from eastern Mongolia. A mummified specimen from
Nam Co (pl. 1, fig. 4) shows the long natatory setae given
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Plate 1

Plate 1. Ilyocypris and Candoninae from Nam Co. 1-8, Illyocypris cf. mongolica Martens, 1991, sample Nam300805-01 if not otherwise stated: 1) RV
in external view; 2) LV in internal view, with (b) conspicuous marginal ripplets on the posteroventral inner lamella; 3) carapace in dorsal view; 4) o
RV in internal view with preserved soft parts; 5) juvenile RV in external view, Nam300805-09; 6) inconspicuous marginal ripplets on the posteroven-
tral inner lamella of a LV; 7) exterior ornamentation detail of a RV; 8) fine denticulation on the anteroventral margin of a RV in internal view. 9, Can-
dona candida (O.F. Muller, 1776), internal view of a ¢ RV, sample NamSCO001-1.5. 10-11, Fabaeformiscandona danielopoli Yin & Martens, 1997,
internal views of juvenile RVs: 10) sample Nam310805-02; 11) Nam300805-08. 200 pm scale bar: fig. 1, 2a, 3-5, 9-11; 50 ym scale bar: fig. 2b, 6-8
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Plate 2

Plate 2. ?Leucocythere dorsotuberosa Huang, 1982 from Nam Co. 71-2, @ LVs: 1) without ribs or nodes, Nam290805-02; 2) antero-dorsal rib and two
dorso-lateral nodes, Nam310805-02. 3-4, Q RVs: 3) f. postilirata, with antero-dorsal, ventro-lateral and short posterior-dorsal ribs and four lateral nodes,
Nam310805-01; 4) without ribs, internal view, Nam300805-08. 5-7, & LVs: 5) without ribs, but with two dorso-lateral nodes, Nam310805-01; 6) f.
postilirata, with antero-dorsal and ventro-lateral rib and three dorso-lateral nodes, but atypical distinct reticulation, Nam310805-01; 7) smooth form,
Nam310805-03. 8, O RV, f. postilirata, with antero-dorsal, ventro-lateral and short posterior-dorsal ribs and two lateral nodes, Nam290805-01. 9-10,
juvenile dorsotuberosa forms: 9) RV of a pre-adult Q with short antero-dorsal and postero-dorsal ribs and weak nodes, transient form to postilirata,
Nam300805-10; 10) dorsal view of a carapace, Nam300805-01. 771-74, juvenile f. postilirata: 11) LV, Nam290805-01; 12) RV of a pre-adult @,
Nam310805-02: a) internal view with well visible extrusions of the shell forming carinae and nodes, b) dorsal view; 13) RV, Nam310805-02; 14) RV,

Nam290805-01.
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Plate 3

Plate 3. Leucocytherella and Limnocythere from Nam Co. 1, Limnocythere inopinata (Baird, 1843), 9LV, Nam300805-01. 2-16, Leucocytherella sinen-
sis Huang, 1982: 2) left side of a O carapace with soft parts, Nam300805-01; 3) o RV, Nam300805-09; 4) o LV with soft parts, Nam300805-08; 5)
juvenile LV, Nam300805-08; 6) juvenile RV, Nam300805-09; 7) juvenile RV, Nam310805-01; 8) juvenile LV, Nam310805-03; 9) juvenile RV,
Nam310805-01; 10) @ RV, Nam300805-08; 11) o RV, Nam310805-01: a) internal view, b) central muscle scar field; 12) ¢ carapace in dorsal view,
Nam300805-08; 13) O carapace in dorsal view, Nam310805-02; 14) low-lying sieve pores of a o LV, Nam310805-01; 15) anterior and posterior
lophodont hinge parts of a © RV, Nam300805-01; 16) anterior and posterior lophodont hinge parts of a o LV, Nam310805-01.
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in Marten’s diagnosis. However, the marginal denticula-
tion is rather weak or even missing in our material in con-
trast to wart-like tubercles along the posterior margin of /.
mongolica. Unfortunately, a description of the character-
istic marginal ornamentation on the posteroventral inner
lamella of the left valve is not given by Martens (1991) and
cannot compared with our findings therefore. Addition-
ally, our material matches the valves presented by Yang et
al. (2004) and Mischke et al. (2006) as /. sebeiensis. How-
ever, the marginal ripplets on the posteroventral inner
lamella of the left valve of specimens from Nam Co are
faint and strongly vary in number in contrast to the very
distinct ripplets of /. sebeiensis Yang & Sun, 2004 (in Yang
et al., 2004). They lay in a distal band on the posteroven-
tral inner lamella in a similar position as the only four to
five distinct ripplets of llyocypris bradyi Sars, 1890 and /.
lacustris (compare Van Harten, 1979; Janz 1994). I. getica
Masi, 1906 displays inconspicuous marginal ripplets like
our specimens, but the carapace is larger (length 1.00 —
1.25 mm; Meisch, 2000) and possesses a dorsal expan-
sion overlapping the valve margin. Another similar species
is llyocypris dentifera Sars, 1903. Victor and Fernando
(1981) redescribed I. dentifera and considered /. angulata
Sars, 1903 as being a variant of /. dentifera. Their descrip-
tion matches our material well in size, shape, adductor
muscle scar pattern and ornamentation, except the lateral
nodes and marginal denticulation of the shell, which are
lacking respectively indistinct in our form. Our specimens
show some features typical of the genus Qinghaicypris
Huang, 1979. Rodriguez-Lazaro and Martin-Rubio (2005)
list a group of four anterior and two posterior adductor
muscle scars and a large anterior hinge element (compare
our plate 1, fig. 2a) as diagnostic features typical for Qing-
haicypris in comparison with Illyocypris. However, the
medium grade of carapace calcification, the relatively
small size (about 0.9 mm length), the more sub-rectangu-
lar than sub-cylindrical carapace shape and the relatively
broad anterior marginal zone of our species are closer to
Ilyocypris (compare Rodriguez-Lazaro & Martin-Rubio,
2005: table 2). Furthermore, /. dentifera (as figured by Vic-
tor and Fernando, 1981) and /. decipiens show the same
4 + 2 adductor muscle scar pattern. The extended diag-
nosis for Qinghaicypris given by Yang et al. (2004) sup-
ports the exclusion of our species from this genus.
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4.4. Ostracod diversity and distribution

The relatively low species number corresponded with a
low evenness and species diversity (average of Shannon-
Wiener index 0.8). The clearly dominating species were
Leucocytherella sinensis and ?Leucocythere dorsotuberosa
that made up more than 90 % of specimens in almost all
samples. All other species provided less than 10 % of the
remaining valves — the most important forms of these rare
species were juvenile candonids. The diversity trend
showed decreasing values with increasing water depth in
general. A broad diversity peak around and below the
thermocline at 25 — 40 m water depth was also visible
(Fig. 6).

Leucocytherella sinensis and ?Leucocythere dorsotuberosa
occurred in all water depths in variable proportions with-
out any clear trend. However, ?L. dorsotuberosa f. postili-
rata was practically restricted to water depths below the
thermocline. In general, llyocypris cf. mongolica and Lim-
nocythere inopinata were only present in shallower water
of less than 10 m depth. Both species became more abun-
dant in the shallowest autochthonous samples. Juvenile
Candona valves were found both in very shallow and
deep water whereas Fabaeformiscandona danielopoli
showed highest dominances around the thermocline.

Results by a Canonical Correspondence Analysis (CCA;
Fig. 7) indicate that the environmental parameter sand is
bound to axis 1 and loss on ignition (LOI) to axis 2. Water
depth (also representing temperature in our analysis) and
oxygen concentration show the highest loadings on axis 3.
The distribution pattern of /lyocypris cf. mongolica and
?Leucocythere dorsotuberosa f. postilirata seems to be
driven by water depth and oxygen concentration —¢L. dor-
sotuberosa f. postilirata occuring in deep water and /. cf.
mongolica prefering shallow water. This fits well the depth
distribution pattern of both taxa. The dominance of the
genus Candona is positive correlated to sand proportion
within the sediment. This is similar but less significant for
Leucocytherella  sinensis and  Fabaeformiscandona
danielopoli, whereas ostracod abundance is higher in
samples with lower sand proportion. Leucocythere dorso-
tuberosa dominance (also representing general ostracod
diversity in our analysis) is weakly bound to loss on igni-
tion.
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Figure 6. Abundance, vertical distribution of ostracod dominances [%] and diversity (Shannon Wiener index) with water depth. The shaded boxes in-
dicate samples with dominating allochthonous/subfossil associations, however, the data represent autochthonous ostracods. The thermocline position

is shown by a grey box in about 25 m water depth.

Figure 7. Canonical Correspondence Analysis for ostracod (6 taxa + abundance), water depth, oxygen concentration, sand proportion and loss on ig-
nition of eight samples from Nam Co. Environmental parameters are indicated by lines, samples by open circles and ostracod data by solid circles. Tem-
perature, silt proportion and diversity were excluded because of their high correlation with water depth, sand proportion and ?Leucocythere
dorsotuberosa dominance respectively. The first two axes have eigenvalues of 0.04282 and 0.02093 respectively. Sand proportion is bound to axis 1
and loss on ignition to axis 2. Water depth is best reflected by dominances of ?L. dorsotuberosa f. postilirata, Fabaeformiscandona danielopoli and Ily-
ocypris cf. mongolica. Water depth shows to be mainly connected to oxygen concentration and is bound to axis 3 (eigenvalue 0.00944).
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4.5. Transfer function

We selected ostracod taxa with significant water depth de-
pendant distribution for creating a transfer function. Lim-
nocythere inopinata was excluded because it was found in
single specimens only. For the remaining taxa ?Leuco-
cythere dorsotuberosa f. postilirata, llyocypris cf. mon-
golica, Fabaeformiscandona danielopoli and Candona,
quadratic equations and a logarithmical equation were fit-
ted to show a minimum variance of differences with em-
pirical data (Fig. 8). The palaeo-water depth is estimated
by using a weighted average between the water depth val-
ues deriving from each of these four taxa. Weighting is
based on significance of depth-dominance correlation
and actual dominance classes. That means that water
depth estimations of these four taxa are weighted with two
factors each; first the corresponding correlation coefficient
(f. postilirata: 0.7502; F. danielopoli: 0.4418; Candona:
0.4633; I. mongolica: 0.6611) and second the correspon-
ding dominance class (f. postilirata and F. danielopoli: 1;
Candona: 0.5; I. mongolica: 0.25). Taxa with a higher
mean dominance is given a greater weight because of their
higher statistical significance within the random samples.
The equations for candonids deliver two solutions nor-

mally for a given dominance value (Fig. 8). A minimized
difference between these solutions and the estimations in-
dicated by ?L. dorsotuberosa f. postilirata and 1. cf. mon-
golica is the main criterion for choosing one of both values
for the calculation of palaeo-water depth. The second rated
criterion is the water depth calculated for the neighbouring
samples within the transect — or, in palaeoenvironmental
analysis, for the neighbouring samples in a sediment sec-
tion. A correlation of estimated and measured values was
done by bootstrapping (Fig. 9). The correlation coefficient
is 0.86, the standard error £7.58 m.

5. DISCUSSION
5.1. Hydrology

Our calculated salinity of 1.3 % is slightly higher than the
reported 0.9 %o by Zhang et al. (2006) measured in the
same year. This difference may be attributed to the calcu-
lation of our value from conductivity data whereas Zhang
et al. used concentrations. Such a calculation of salinity
from conductivity is problematical because of the atha-
lassic character of the lake. The pH measurements, how-

Figure 8. Water depth dependant distribution of the four most significant ostracod taxa of Nam Co and fitting of quadratical and logarithmical equations

to distribution data. The equation and correlation coefficient are given in each diagram.
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Figure 9. Correlation of measured versus estimated water depth and residuals of our ostracod based transfer function for water depth using bootstrapping.

ever, show the same values in our and Zhang et al. meas-
urements (9.4). The low Ca?* concentration in combina-
tion with Na*- and SO,*-rich water points to
evapoconcentration and aquatic carbonate precipitation
(Zhang et al., 2006). The orthograde curve of oxygen is
typical for the oligotrophic lake system, where oxygen
concentration increases with depth because of the lower
temperature in deeper water. The generally low oxygen
concentration is caused by the high altitude with about
50 % oxygen concentration in the air compared to con-
centrations at sea level sites.

5.2. Faunistics

All species found in Nam Co are coldwater forms and tol-
erate saline water. Candona candida occurs in waters with
salinities of up to about 1.5 %o in the Qaidam Basin (Sun
etal., 1995) and at <2 %o in other Tibetan lakes (Huang et
al. 1985). This species is also known from the Baltic Sea
area with salinities of up to 5.3 %o (Meisch, 2000). Fabae-
formiscandona danielopoli was described from a lake in
the Chinese Qinghai Basin with a salinity of about 1 %o
(Yin & Martens, 1997). Leucocythere dorsotuberosa is a
halophilic species (Sun et al., 1995) and lives in waters
with salinities from 0 — T %o on the NE Tibetan Plateau
(Mischke et al., 2007) and in other Chinese lakes with up
to 2 %o (Wu quoted in Yu et al., 2001). Leucocytherella
sinensis is reported from lakes in Tibet in water with salin-
ities of 0 — 13 %o (Huang et al., 1985).
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The two dominant species in Nam Co, ?Leucocythere dor-
sotuberosa and Leucocytherella sinensis, are today en-
demic to the Tibetan Plateau (e.g. Huang et al., 1985;
Zhang et al., 2006).

2. dorsotuberosa was also documented from Quaternary
sediments of adjacent Sichuan Province (Wang & Zhu,
1991). L. sinensis is known from fossil associations from
Tibet since the Early/Middle Pleistocene (Pang, 1985; Pang
etal., 1985). The special environmental conditions includ-
ing high altitude, low temperature, dryness and the short
vegetation period are limiting factors. They isolate associ-
ations on the Tibetan Plateau and cause a high proportion
of endemic elements. Three of our six documented ostra-
cod species are listed in a preliminary checklist of 47 Re-
cent ostracod species from China (Yin & Martens, 1997).
We add Ilyocypris cf. mongolica and ?L. dorsotuberosa to
this list. Ilyocypris cf. mongolica is also new to the 22
species listed by Huang et al. (1985) for modern lakes in
Tibet.

5.3. Ostracod diversity and distribution

A low diversity of the species assemblage is in general typ-
ical for stressed and unstable environments. Stress factors
in Nam Co include the slightly brackish water chemistry
of the lake that is problematic for most freshwater ostracod
species occurring in continental athalassic waters, the low
temperature of high altitude settings causing freezing of
the lake for the larger part of the year, and a short vegeta-
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tion period limiting the food resources and thus the time
window for reproduction. Within the lake, diversity
should decrease with increasing water depth because of
diminishing habitat structure due to the lack of phytal mi-
crohabitats. The diversity trend shows this expected pic-
ture within the uppermost 15 m (Fig. 6). A second broad
diversity maximum occurred between about 25 and 40 m
water depth tracing approximately the thermocline level.
The higher diversity index is caused by a more evenly dis-
tributed dominance of species rather than a higher species
number characteristic for shallow water. This pattern is
probably generated by regularly changing environmental
parameters within the oscillating level of the thermocline
and a resedimentation of allochthonous valves. Interest-
ingly, loss on ignition values and diversity show a high
correlation (Table 3) suggesting food availability as a cru-
cial factor for ostracod assemblages.

Changes of salinity with water depth were neglectable in
Nam Co and certainly did not affect the ostracod distri-
bution. Williams (1991) cites values of around 3 %o from
Chinese measurements of unknown date, whereas Zheng
et al. (1989) give values of 1.3 %o for Nam Co. These data
may point to a freshening in recent years as indicated by
arising lake level during the last years (Zhou et al., 2006).
From an evolutionary point of view, rapid and unpre-
dictable environmental changes may be responsible for
relatively low species diversity. This is what is theoretically
expected in an unstable environment. Because of the high
importance of salinity as a driving factor for ostracod com-
munities in brackish water (Frenzel & Boomer, 2005),
decadal or centennial changes in salinity have to be taken
into account when interpreting subfossil and fossil associ-
ations, even in such a large and relatively stable lake. This
partly limits the comparability of Recent depth distribu-
tion of ostracod species with distribution patterns in the
past.

One of the main questions is: Which are the main factors
influencing the vertical distribution of ostracods? Water
depth itself does not act as a driving factor; rather some
factors correlated with water depth are important. One of
these factors is, for example, light penetration driving au-
totrophic production by aquatic plants providing food and
shelter (e.g., Liebau, 1984; Giriffiths & Holmes, 2000). An-
other important water depth-related factor is the position
of the wave base controlling changes of water movement
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and sediment disturbance. The normal water depth posi-
tion of the mean wave base ranges between 5 and 10 m
(Liebau, 1984) and is indicated by distinct taphocoenoses
in our samples. In marginal marine environments, the
storm wave base is traced by the Pterygokline (the upper-
most occurrence of the strongly ornamented ostracod
genus Pterygocythereis) at 20 — 40 m water depth (Liebau,
1980). In Nam Co, we assume that the position of the
storm wave base is located at the upper limit of this inter-
val slightly above the thermocline as shown by the lower-
most sample dominated by taphocoenoses. Other
parameters, such as water temperature, salinity, oxygen
concentration and stability of the environment, are chang-
ing with water depth as well. Temperature, conductivity
and proportion of the sand fraction display a high corre-
lation with water depth (Table 3). Temperature and grain
size are important factors potentially influencing the dis-
tribution of ostracod assemblages in our example.

The Spearman Rank correlation analysis (Table 3) shows a
high positive correlation of ?Leucocythere dorsotuberosa
f. postilirata dominance with water depth and a high neg-
ative one with water temperature and coarsening of the
sediment. The CCA supports these findings and reveals a
connection between the dominance of this form and
higher oxygen concentration (Fig. 7). We assume that f.
postilirata avoids the turbulent water where coarser sedi-
ments are reworked and redeposited. The shells of f. pos-
tilirata are extremely thin and fragile and so they have to
be stabilized by outfoldings that form the distinctive
costae (plate 2, fig. 6, 8 11-14). Hence, a good preserva-
tion of these delicate valves indicates a sedimentation
below the storm wave base similar to Pterygocythereis in
the marine realm (cf. Liebau, 1980). The restriction of ?L.
dorsotuberosa f. postilirata to deeper water below the ther-
mocline (Fig. 6) makes this morphotype an index form for
deep water environments. The small dominance peak at
only 9.2 m water depth, as shown in Figure 6, is based on
two single valves within an association dominated by al-
lochthonous/subfossil specimens. This shallow occurrence
is interpreted here as allochthonous. Species indicative of
shallow water environments are, for example, /. cf. mon-
golica and Limnocythere inopinata (see Fig. 6, Table 3). A
shallow water preference is stated from European popula-
tions of L. inopinata (Griffiths & Holmes, 2000; Meisch,
2000) and Donggi Cona, Northeast Tibetan Plateau



Claudia Wrozyna, Peter Frenzel, Philip Steeb, Liping Zhu and Antje Schwalb. Recent lacustrine Ostracoda and a first transfer function for
palaeo-water depth estimation in Nam Co, southern Tibetan Plateau

(Bookhagen, 2005). ?L. dorsotuberosa and I. cf. mongolica
show a correlation to loss on ignition values (Table 3, Fig.
7) what may indicate food availability as limiting factor
for these species. F. danielopoli and Candona prefer the
higher sand proportion of samples from the thermocline
level respectively shallow water. Yin & Martens (1997) as-
sumed this species to be rheophilic what fits its distribu-
tion pattern in Nam Co. The distribution of the dominating
ostracod species L. sinensis cannot be attributed clearly to
any documented environmental parameter (Table 3). The
investigation leads one to suppose that this species posses
a wide ecological tolerance as previously assumed by Zhu
et al. (2002).

Although we measured water column data only once in
September 2005, and long-term monitoring is not yet ex-
isting, we sampled at time with well developed thermo-
cline and within the ice-free vegetation period. We
suspect ostracod reproduction takes place in this vegeta-
tion period when temperature is higher. Thus the timing
of our sampling should well reflect the water depth de-
pendant variance of parameters related to ostracod distri-
bution.

Distinguishing autochthonous and allochthonous/subfos-
sil ostracod associations by degree of valve preservation,
carapace proportion, population age structure and the
presence of soft parts provides us with a key to interpret
long term distributions of species as species associations
(see results) despite lacking discrimination of living and
dead specimens in our samples.

5.4. Water depth transfer function

Ostracod based transfer functions for water depth were
published by Mourgiart and coauthors for lakes of the Bo-
livian Altiplano (Mourgiart & Roux, 1990; Mourgiart &
Carbonel, 1994). They used 115 modern samples col-
lected between 0 and 14 m water depth for creating a
transfer function with a correlation coefficient of 0.98 and
a standard error of £0.82 m. The better estimation and
lower error of this function compared with ours can be
explained by a much higher number of modern samples
and included ostracod species as well as the shallower
water depth studied that displays a narrower distribution
pattern of assemblages. This transfer function was used by
Mourgiart et al. (1992) and Argollo & Mourgiart (2000) for
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reconstructing lake levels during the Holocene.

Our transfer function allows a quantitative reconstruction
of Holocene and late Quaternary lake levels for the Nam
Co area. Caution is needed in interpretation of lake levels
much higher and especially much lower than today be-
cause of probable different salinity conditions that may af-
fect the ostracod assemblages.

6. CONCLUSIONS

The low diversity of Recent ostracod associations is typi-
cal of harsh aquatic environments such as the brackish
water conditions, low temperatures and short vegetation
period characteristic of Nam Co. Three of the six docu-
mented species are endemic on the Tibetan Plateau. These
are llyocypris cf. mongolica, ?Leucocythere dorsotuberosa
and Leucocytherella sinensis, for which we provide a SEM
documentation of the shells because they are poorly
known so far. The assignment of ?Leucocythere dorso-
tuberosa to the genus Leucocythere is questioned here,
because of the lophodont hinge of this Tibetan species,
whereas Leucocythere species bear a crenulated intercar-
dinal bar. Leucocytherella sinensis can only be assigned
to the given genus. These two endemic limnocytherid
species clearly dominate the associations.

With increasing water depth the ostracod association
changes. Limnocythere inopinata and Ilyocypris cf. mon-
golica are limited to the uppermost approximately 10 m
water depth, where light penetration enables submergent
macrophyte and benthic microalgae production. Below
this level only single valves of both species were found.
Higher proportions of F. danielopoli were found broadly
scattered around the thermocline level. Below the ther-
mocline level (at about 30 m water depth) a conspicuous
morphological variant of ?L. dorsotuberosa, the forma pos-
tilirata, appears and becomes more frequent with increas-
ing depth. Hence, L. inopinata, I. cf. mongolica and ?L.
dorsotuberosa f. postilirata can be used as index forms for
specific water depths in Lake Nam Co.

The high abundance of ostracod shells in surface and core
sediments of Nam Co improves their potential as
palaeoenvironmental proxies. Although our sample set is
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restricted to a rather low sample number, we propose that
ostracods are well suited to reconstruct past lake levels of
Nam Co indicating three depth levels: 1) shallow water
(<10 m), 2) the thermocline level (20 — 30 m) and 3) water
depths below the thermocline level. A first ostracod based
transfer function for water depth for the Nam Co area es-
timates palaeo-water depths with a standard error of 7.6
m. Using this transfer function a quantitative reconstruc-
tion of past lake levels is possible for the Nam Co area.
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Resumen

Se analizaron los foraminiferos benténicos de un testigo correspondiente al Holoceno reciente del Golfo Nuevo. La fauna recuperada
fue benténica y las especies predominantes fueron Buccella peruviana f. campsi (Boltovskoy), Buliminella elegantissima (d’Orbigny)
y Bulimina patagonica d’Orbigny. Los andlisis cualitativos y cuantitativos confirman condiciones marinas marginales con menor oxi-
genacién que las actuales. Ello seria la consecuencia de un desmejoramiento climatico que por su magnitud y persistencia habria lle-
gado a invertir el sentido de la actual circulacién termohalina del golfo, representando entonces una probable consecuencia de la
denominada Pequena Edad de Hielo.

Palabras clave: Foraminiferos benténicos, Pequefia Edad de Hielo, Golfo Nuevo, paleoecologia, plataforma continental argentina.

Abstract

[Benthic Foraminifera of the Holocene from Golfo Nuevo, Argentine: paleoclimatical inferences]. Benthic Foraminifera from a recent
Holocene core from Golfo Nuevo were analyzed. The fauna recovered was benthonic, and the predominant species were Buccella
peruviana f. campsi (Boltovskoy), Buliminella elegantissima (d’Orbigny) and Bulimina patagonica d’Orbigny. Qualitative and quanti-
tative analyses confirmed marginal marine conditions with lower oxygenation levels than under present-day conditions. This may
have been a consequence of deterioration in climate which, due to its magnitude and persistence could have inverted the direction
of the gulf’s current thermohaline circulation, in which case it would represent a probable consequence of the so-called Little Ice Age.

Keywords: Benthic Foraminifera, Golfo Nuevo, Little Ice Age, paleoecology, Argentinean continental shelf.

1. INTRODUCCION golfos San Matias y Nuevo, tanto de sedimentos superfi-
ciales como de sedimentos correspondientes a testigos de

Los foraminiferos benténicos del Océano Atlantico Sud- fondo.

occidental se hallan ampliamente estudiados, sin em- ., i
Los golfos San Matias, Nuevo y San José forman parte de

la region de los Golfos Nordpatagénicos y constituyen
una de las regiones oceanograficas mas importantes de la

bargo en areas engolfadas se puede mencionar sélo el

trabajo de Boltovskoy (1954) quien analiz6 los foramini-

feros del golfo San Jorge y mas recientemente los trabajos plataforma continental Argentina, siendo cuencas con si-
de Bernasconi y Cusminsky (2005) y Bernasconi (2006) milares caracteristicas morfolégicas (Parker et al., 1996;
quienes estudiaron los foraminiferos provenientes de los Tonini et al., 2007).
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Oceanograficamente, una cuenca es una depresion que
es llenada con aguas del mar y que esta parcialmente se-
parada por barreras submarinas del océano abierto, con el
cual posee una comunicacion horizontal restringida a
profundidades menores que la mayor profundidad en la
cuenca. La entrada de agua desde el océano abierto a la
cuenca se realiza por encima del umbral que se halla en
su boca (Panzarini, 1984).

La circulacién en la regién de los golfos Norpatagénicos
esta forzada por mareas excepcionales, vientos y un im-
portante intercambio de calor y humedad con la atmés-
fera (Tonini et al., 2007). Desde el punto de vista
hidrolégico, estas cuencas se clasifican segtin la forma en
que se produce la entrada de agua desde el mar abierto
hacia el interior de la cuenca o bien por la manera en que
se produce la salida del agua. Es asi que la entrada de
agua puede darse por la superficie (cuenca con carga a
nivel de la superficie) o a nivel del umbral y la salida a
nivel del umbral o bien a nivel de la superficie (Sverdrup
et al., 1942).

La dindmica del flujo del agua de cada cuenca se ve re-
flejada en su biologia y en su geologia (Mouzo, 1996).
Las cuencas con carga al nivel de la superficie muestran
mayor salinidad, mayor evaporacién y consecuentemente
una mayor densidad del agua en la cuenca que en el ex-
terior. Hay un intercambio de agua muy importante, pro-
duciéndose corrientes convectivas que llegan a las aguas
profundas, las que contienen oxigeno y no sulfuro de hi-
drégeno en los sedimentos, sugiriendo que hay vida ben-
tonica profunda (Mouzo, op. cit.) (Fig. 1.1). En cambio,
en las cuencas con carga a nivel del umbral la renovacién
del agua se hace lentamente, su salinidad es baja en su-
perficie y regular en la profundidad y su contenido de oxi-
geno es alto en la superficie y pobre en la profundidad, y
consecuentemente el contenido de sulfuro de hidrégeno
en el fondo es alto (Panzarini, 1984; Mouzo, 1996) (Fig.
1.2).

En la actualidad, el golfo Nuevo se comporta como una
cuenca con carga a nivel de la superficie, es decir que
posee altas concentraciones de oxigeno en el fondo dadas
por una buena ventilaciéon o renovacion del agua pro-
funda y por lo tanto se caracteriza por poseer una abun-
dante vida benténica (Mouzo, op. cit.).
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Figura 1. 1, Modelo de cuenca con carga a nivel de la superficie. 2, Mo-
delo de cuenca con carga a nivel del umbral.

Figure 1. 1, Model of basin with inflow of water across the surface. 2,
Model of basin with inflow of water across the sill.

Como consecuencia de sus caracteristicas fisiograficas,
los ambientes engolfados podrian ser sensibles a los cam-
bios de las condiciones ambientales, haciendo posible re-
alizar inferencias palaeocolégicas. Es por ello, que el
estudio de ambientes semicerrados, sobre la base de su
contenido foraminiferolégico, podria brindar mucha in-
formacion en el area bajo anélisis.

2. AREA DE ESTUDIO

El golfo Nuevo se encuentra entre los 42° y 43° de latitud
Sury los 64y 65° 10’ de longitud Oeste, plataforma con-
tinental Argentina (Fig. 2.1). Su forma es eliptica con el
eje mayor de 67 km en direccién OSO-ENE vy su eje
menor de 48 km orientado al NNO-SSE. La superficie del
golfo es de 2.500 km? y su profundidad maxima de 184
m superando a la profundidad de la plataforma continen-
tal adyacente (Mouzo et al., 1978; Mouzo, 1996).
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Figura 2. 1, Localizacién del golfo Nuevo. 2, Morfologia del golfo (modificado de Mouzo et al., 1978) y ubicacién geogréfica del testigo.

Figure 2. 1, Location of Nuevo Gulf. 2, Morphology of Nuevo Gulf (modified from Mouzo et al., 1978) and location map showing the position of the

core.

Desde el punto de vista geomorfologico, el golfo Nuevo
es una depresién semicerrada por barreras submarinas. El
agua interior s6lo puede comunicarse libremente con el
mar a través de un angosto estrecho, el cual posee una
profundidad de 75 m, muy inferior a las mayores profun-
didades alcanzadas dentro del golfo (Mouzo et al., 1978;
Mouzo, 1996; Parker et al., 1996). En funcién de la bati-
metria, en el golfo se diferencian dos regiones: una peri-
férica [lamada Marginal que se extiende desde la costa
hasta aproximadamente los 100 m de profundidad y otra
central denominada Profunda de profundidades mayores.
La region Marginal es de relieve rugoso y estd cubierta
por sedimentos gruesos, arenas, rodados, fragmentos de
conchillas y afloramientos de la roca de base, correspon-
diente a sedimentos marinos y continentales del Tercia-
rio. La regién Profunda posee un relieve suave y estd
constituida por sedimentos arcillosos entre los que se en-
cuentran capas de arena estratificada y bancos de rodados
de matriz arenosa (Mouzo et al., 1978) (Fig. 2.2).

La distribucién de los sedimentos se encuentra en rela-
cién con la batimetria, pudiéndose diferenciar tres zonas.
La primera zona estd constituida casi totalmente por arena
con gravas y conchillas, abarca desde la costa hasta pro-
fundidades de 50-70 m e incluye a la region del estrecho,
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donde hay profundidades algo mayores. La otra zona es
paralela a la anterior y posee arenas limosas y limos are-
nosos, extendiéndose hasta profundidades de 100-120 m.
Por Gltimo y con profundidades mayores a los 120 m, se
encuentra la zona central que esta cubierta por arcillas li-
mosas o limos arcillosos (Mouzo et al., 1978).

El golfo se halla bajo la influencia de las aguas costeras ar-
gentinas que se desplazan desde el Sur hacia el Norte y se
ubican entre la region costera occidental y la corriente Pa-
tagénica que tiene su origen en aguas subantarticas (Bol-
tovskoy et al., 1980). La cuenca evoluciona desde un
estado de mezcla casi completa, en otofio e invierno,
hasta uno estratificado que alcanza sus maximos valores
de estabilidad hacia fines del verano (Rivas y Ripa, 1989).
Estos autores mencionan que el golfo esta fuertemente es-
tratificado en verano alcanzando los 18°C en la superficie
y 11°C en el fondo, en enero y bien mezclado en invierno
con temperaturas que llegan a los 12°C tanto en la super-
ficie como en el fondo, en julio y a los 10°C en septiem-
bre.

Actualmente, el golfo Nuevo muestra las caracteristicas
de una cuenca con carga a nivel de la superficie (Sver-
drup et al., 1942; Mouzo, 1996). En esta cuenca se pro-
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duce un aumento de la densidad superficial que se ori-
gina en invierno por enfriamiento y por el aumento de la
salinidad causado por la evaporacion. La salinidad es
siempre superior dentro del golfo aumentando desde abril
a septiembre provocando corrientes convectivas que al-
canzan el fondo de la cuenca (Rivas y Ripa, 1989; Rivas
y Beier, 1990). El efecto de los procesos convectivos que
remueven las aguas, aportando un alto contenido de oxi-
geno al fondo y elevando las aguas més frias y ricas en
nutrientes hacia la superficie, ha sido observado reiterada-
mente (Esteves et al., 1992 y Esteves y De Vido, 1980 en
Mouzo, 1996).

De los datos disponibles para el golfo Nuevo surge que los
tenores de oxigeno determinados en las aguas profundas
son altos, cercanos a los valores de saturacion (Piola, co-
municacién personal).

3. MATERIALES Y METODOS

Se estudio el testigo AU3C2 de 428 cm de largo, ubicado
alos 42° 48 5” LSy alos 64° 37’ 6” LO, extraido a 143
m de profundidad (Fig. 2.2). Se obtuvo con un extractor
tipo Ewing a pistén de media tonelada con el buque oce-
anografico ARA El Austral, durante la campana realizada
por el Instituto Argentino de Oceanografia (IADO) entre
1970y 1973.

El testigo AU3C2 esta constituido por arcillas limosas gris
oliva, con una reducida cantidad de arena fina y restos de
organismos marinos, representando depdsitos marinos re-
lativamente modernos (Mouzo et al., 1978). Para este tra-
bajo se utilizé el tramo 10-230 cm, no disponiéndose de
material entre los niveles 50-80 cm y 110-150 cm.

El testigo fue muestreado a intervalos de 15 cm, aproxima-
damente. Se procesaron 40 gramos de sedimento me-
diante los métodos convencionales ponderandose la
cantidad de individuos presentes en 1 gramo de sedi-
mento. La clasificacion sistematica a nivel genérico se
basé en Loeblich y Tappan (1988). Para la identificacion
de las especies se sigui6 a Boltovskoy (1954), Boltovskoy
et al. (1980), Bertels et al. (1982), Cusminsky (1992), La-
prida (1998), Laprida y Bertels-Psotka (2003) y Malumian
(1972), entre otros.
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Se determind la abundancia total (A total) y la riqueza es-
pecifica (S). Se fotografiaron los ejemplares mas represen-
tativos mediante el microscopio electrénico de barrido
(Philips, Modelo SEM 515). Estos ejemplares se encuen-
tran depositados en el laboratorio de Micropaleontologia
del Museo de La Plata bajo el nimero MLP-Mi 1699 al
1710.

Se calcularon los indices de diversidad de Shannon-Wie-
ner (H’) (Buzas y Gibson 1969) y o« de Fisher (Fisher et al.,
1943; Murray 1991), que tienen gran utilidad en la deter-
minacién de paleoambientes.

Para ello se us6 el paquete estadistico TILIA Versién 2.1
(Grimm, 1991). Este andlisis se baso en las especies que
alcanzaron el 2 % o mas de abundancia relativa en al
menos 2 niveles del testigo. Se emple6 la transformacién
de datos por estandarizacién a media 0 y desviacion ti-
pica 1.

Se efectuaron dos analisis con el fin de inferir las condi-
ciones de paleooxigenacion del Golfo Nuevo. Se calculé
el indice de Kaiho o BFOI (indice de oxigenacién basado
en foraminiferos benténicos) para todas las muestras. Para
ello, se dividieron los foraminiferos benténicos calcareos
recuperados en tres grupos de indicadores: diséxicos, su-
béxicos y 6xicos, tomando como base la relacion entre
sus caracteristicas morfoldgicas especificas, los niveles de
oxigeno y sus microhdbitats (Kaiho, 1994, 1999). Com-
plementariamente, se obtuvo el indice mediante la si-
guiente ecuacion matematica: BFOI = {[O /(O + D)] x
100}, donde O y D nGmero de especimenes 6xicos y di-
sOxicos respectivamente. En las muestras donde el na-
mero de especimenes 6xicos fue nulo, O=0yD +S> 0,
donde S es la suma de ndmero de individuos subdxicos;
se aplicé la expresion BFOI ={[S / (S + D)] — 1}x 50. Los
valores del BFOI permitieron determinar las condiciones
de paleoxigenacion; cuando el indice del Kaiho es 55
(0-0,1 ml/l) la condicién es andxica; entre —=50 y —40 (0,1-
0,3 ml/l) la condicién es diséxica; entre —40 y 0 (0,3-1,5
ml/l) la condicién es suboxica; entre 0y 50 (1,5 — 3,0 ml/l)
la condicion es 6xica baja y entre 50 y 100 (3,0 - +6,0
ml/l) la condicién es 6xica alta (Kaiho, 1994, 1999).

Por otro lado, se determiné la relacion de individuos in-
faunales-epifaunales calculdndose el porcentaje de espe-
cies infaunales (Corliss, 1985; Corliss y Chen, 1988), para
cada muestra de los testigos de Golfo Nuevo.
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A fin de poder ubicar cronolégicamente el testigo se efec-
tud una datacién radimétrica de C'* AMS (Acceleration
Mass Spectrometry) en la Australian Nuclear Science y
Technology Organization (Ansto). Para ello se separaron
caparazones de foraminiferos benténicos sin retrabajo.

4. RESULTADOS

Se recuperaron individuos representantes de los Subérde-
nes Rotaliina (98 %), Lagenina (2 %) y Miliolina (0,01 %).

En general, la abundancia total fue mayor en los niveles
inferiores del testigo decreciendo un poco en los niveles
medios, aunque se registré un pico maximo de abundan-
cia en el nivel 80 cm. La abundancia de los niveles supe-
riores fue mucho menor. Las curvas de la riqueza
especifica S y del indice de diversidad de Shannon-Wie-
ner (H) tuvieron un comportamiento general coincidente
a excepcion de los niveles 160 cm y 80 cm que se com-
portaron en forma opuesta. La riqueza especifica fue muy
variable a lo largo de todo el testigo. En la curva de diver-
sidad H’ se determinaron valores relativamente homogé-
neos hasta el nivel 180 cm, a partir de alli hasta el nivel
150 cm los valores decrecen, siendo mas altos hacia el
tope del testigo (Fig. 3). Los valores del indice a de Fisher
varié entre 1,5y 5 en los niveles 100 cm y 30 cm, respec-
tivamente (Fig. 4).

A lo largo del testigo analizado se reconocié un predomi-
nio de la especie Buccella peruviana f. campsi (Boltovs-
(12-79  %).
representadas Buliminella elegantissima (d"Orbigny) (2-

koy) Ademds se encontraron bien
71 %), Bulimina patagonica d"Orbigny (7-30 %), Bolivina
pseudoplicata Heron-Allen y Earland (2-17 %), Bolivina
ordinaria Phleger y Parker (2-16 %), Bulimina marginata
d"Orbigny (1-11 %) y Cibicides dispars (d"Orbigny) (1-9
%). En los niveles superiores se destacaron pequefios ma-
ximos de abundancia de Nonionella auris (d"Orbigny) (1-
23 %), Nonion depressulus (Walker y Jacob) (2-9%) y
Bulimina gibba Fornasini (1-9 %). El resto de las especies

registraron proporciones menores al 5 % (Fig. 5).

Los valores del indice de Kaiho variaron entre -7 y 36 y el
contenido de oxigeno disuelto estimado vari6 entre 1,3 y
2,5 ml/l en los niveles 50 cm y 220 cm, respectivamente.
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Figura 3. Abundancia total (A total), riqueza especifica (S) e indice de di-
versidad de Shannon-Wiener (H’) para el testigo AU3C2.

Figure 3. Total abundance (Total A), Specific richness (S) and Shannon-
Wiener diversity (H’) for core AU3C2.

Figura 4. Valores del indice o de Fisher.

Figure 4. Values of Fisher’s index (a).

Esto estaria describiendo una fauna de foraminiferos cal-
careos constituida fundamentalmente por indicadores di-
soxicos, subdxicos y pocos indicadores éxicos sugiriendo
una condicién de oxigeno 6xica baja (1,5-3,0 ml/l); los
niveles 150 cm y 50 cm estarian compuestos de indicado-
res disoxicos y altos valores de indicadores subdxicos su-
giriendo una condicién de oxigeno subdxica (0,3-1,5
ml/l), (Fig. 6.1).
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Los porcentajes de los ejemplares infaunales variaron (Fig. 6.2).

entre 21 % en el nivel 150 cmy 87 % en el nivel 170 cm

Figura 5. Distribucion especifica de los foraminiferos en el testigo AU3C2.

Figure 5. Foraminiferal distribution in core AU3C2.

Figura 6. 1, Valores del indice de Kaiho (BFOI). 2, Porcentajes de individuos infaunales.

Figure 6. 1, Values of Kaiho’s index (BFOI). 2, Percent of infaunal individuals.
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5. EDAD DE LOS SEDIMENTOS

La edad del nivel 40 cm fue de 450+40 anos AP (Edad
convencional radiocarbénica). Sin embargo, los organis-
mos que obtienen su C del mar presentan generalmente
un envejecimiento aparente variable que se denomina
Efecto de Reservorio (ER), por el que es necesario efec-
tuar una correccion previa a fin de poder obtener final-
mente la edad sideral o calendario de la muestra en
cuestion, ya que la produccion de 14C en la atmésfera no
se ha mantenido constante a lo largo del tiempo. Si bien
para la costa atlantica de la Patagonia el valor de ER pre-
vio a las pruebas nucleares en la atmoésfera es descono-
cido, se cuenta con las estimaciones posnucleares
obtenidas por Cordero et al. (2003). Estos autores presen-
tan dos mediciones del ER posnuclear para el golfo
Nuevo, por lo que se empleé su valor promedio (230
afos) como correccion por ER. Una vez efectuada esta
correccion, programa CALIB 5. 0.2
(http://calib.qub.ac.uk/calib/) y considerando la base de
datos para Sudamérica (SHCal04, McCormac et al.,
2004), se obtiene un rango de edad calendario de 311-
142 APalo.

mediante el

6. CONSIDERACIONES )
PALEOECOLOGICAS Y DISCUSION

La asociacién de especies estuvo caracterizada funda-
mentalmente por Buccella peruviana f. campsi, Bulimine-
lla elegantissima y Bulimina patagonica. Buccella
peruviana f. campsi estd ampliamente distribuida a lo
largo de la plataforma continental argentina (Boltovskoy,
1976, 1979), mientras que el género Buliminella es reco-
nocido como un género infaunal (Murray, 1991; Corliss y
Chen, 1985; Kaiho, 1994). Buliminella elegantissima fue
mencionada como una especie predominante en areas
confinadas bajo condiciones de stress (Pdez y Zaniga,
2001). Esta especie estaria adaptada a ambientes o sub-
ambientes en condiciones disoxicos o andxicos (Vilela,
2003; Vilela et al., 2002). Su ocurrencia y abundancia
confirmarian su utilidad como una especie bioindicadora
(Vilela et al., 2003, 2004). Ademas, se registré la asocia-
cién de especies del género Bulimina tales como B. gibba,
B. marginata y Globobulimina affinis, como asi también
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una asociacion de especies del género Bolivina como ser
B. pseudoplicata, B. ordinaria 'y B. striatula (Fig. 7).

Bulimina es descripta como infaunal con dudas y Bolivina
como infaunal-epifaunal por Murray (1991), sin embargo
otros autores citan a estos dos Gltimos géneros como in-
faunales (Severin, 1983; Corliss, 1985; Corliss y Chen,
1988; Kaiho, 1994).

Siguiendo los criterios de Corliss y Chen (1988) y otros
investigadores, se reconoce en los sedimentos analizados,
un predominio de las formas infaunales. Segiin Sen Gupta
y Machain-Castillo (1993), la distribucion de estas espe-
cies estaria reflejando un ambiente con bajo contenido
de oxigeno. Dado que cuando los niveles de oxigeno co-
mienzan a volverse un factor limitante las primeras espe-
cies afectadas en abundancia son las especies epifaunales
mientras que las especies infaunales son més tolerantes a
prevalecer por largos periodos (Smart, 2002). Por ejem-
plo Buliminella elegantissima y Bulimina marginata han
sido consideradas como oportunistas, o sea capaces de
habitar zonas con bajo contenido en oxigeno Alve (1995),
Silva et al. (1996), Bernhard (1996), Sen Gupta et al.
(1997) y Malumian y Caramés (2002).

Se observo pirita sustituyendo la materia organica de los
caparazones, otorgandoles un aspecto metdlico, indi-
cando propiedades hidrodinamicas distintas siendo
menos susceptibles a una redistribuciéon postmorten co-
brando importancia en estudios paleoecolégicos (Murray,
1968). La piritizacion en los caparazones de foraminiferos
no es un indicador directo de aguas andxicas sino mas
bien de microambientes con bajas concentraciones de
oxigeno (Ferrero, 2006), razén por la que se procedi6 a
calcular el indice de Kaiho. Este indice, denoté poca va-
riabilidad en el testigo, determinando una condicién de
oxigeno baja bastante homogénea, entre 1,3 y 2,5 ml/l.
Los niveles con menor contenido de oxigeno fueron los
170 cm, 160 cm y 80 cm, donde predominaron los mor-
fotipos disoxicos y subdxicos, reconociéndose en parti-
cular en los niveles 170 cm y 160 cm un predominio de
Buliminella elegantissima.

Desde el punto de vista de los andlisis cuantitativos, los
bajos valores del o« de Fisher, menores a 5, indicarian un
ambiente marino marginal (Murray, 1991); mientras que
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los valores de H’, menores a 2,5, reflejarian ademds con-
diciones de alta inestabilidad (Buzas y Gibson, 1969; Ber-
tels, 1994) (Fig. 8).

Teniendo en cuenta las caracteristicas de las asociaciones
registradas, se infiere que uno de los factores que determi-
naron dicha composicién faunistica habria sido el oxi-
geno como se sefala en trabajos precedentes (Bernhard,
1986; Vilela, 1995; Smart, 2002; Sagasti y Ballent, 2002).
Ello indica que durante la depositacion de estos sedimen-
tos habrian prevalecido condiciones de menor oxigena-
cién que las actuales. Es asi que la presencia de ambientes
o microambientes con bajos contenidos de oxigenacion
puede inferirse no sélo a partir de la presencia de pirita en
parte del material sino también del hecho de que propor-
ciones importantes de las asociaciones presentaron afini-
dad con ambientes pobres en oxigeno, como lo hallado
por Ferrero (2006) para el Sudeste de la provincia de Bue-
nos Aires.

Las asociaciones faunisticas y los resultados de los andli-
sis cuantitativos indican, que en el pasado, en el golfo
Nuevo habrian prevalecido condiciones de poca oxige-
nacién, comportandose éste como una cuenca con carga
a nivel del umbral. Ello estarfa entonces evidenciando un
cambio en la dinamica circulatoria de este golfo, el cual
probablemente se haya debido a la ocurrencia de un des-
mejoramiento climatico persistente que condujo una dis-
minucién en la evaporacién, un aumento en las
precipitaciones y probablemente al incremento en la des-
carga fluvial adentro del golfo Nuevo.

Desde el punto de vista climatico originalmente se pensé
que el Holoceno era estable pero existen registros paleo-
climaticos bien datados que muestran que el clima holo-
ceno estuvo caracterizado por muchos eventos frios (de
Menocal, 2001). Estudios paleoustaticos y paleoambien-
tales del Holoceno sugieren fuertemente la ocurrencia de
desmejoramientos climaticos de escala global causados
por oscilaciones en la radiacion del sol que se agrupan
siguiendo un periodo del orden de los 2300 afios (Gomez,
2004; Goémez et al., 2005a y b, 2006). Dentro de este
ciclo, el Gltimo maximo frio se corresponderia con la de-
nominada Pequena Edad de Hielo (PEH), evento que esta
muy bien documentado principalmente en el hemisferio
Norte y que acontecié entre los 1300 y 1870 anos DC
(650 y 80 afos AP), aproximadamente.
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En Argentina, se han desarrollado varias investigaciones
que muestran desmejoramientos climéaticos coincidentes
con la PEH. Estudios dendrocronolégicos en los bosques
Fueguinos permitieron reconocer periodos frios alrededor
de los 1750-1780, 1820, 1875-1880, 1900-1945 y 1950
afos A.D, representando las primeras aproximaciones am-
bientales al desarrollo de la PEH en el extremo sur de Sud-
américa (Rabassa et al., 1986, 1992; Planas et al., 2002).

Para la provincia de Buenos Aires Rabassa et al. (1985), en
base a evidencias geoldgicas, histéricas y arqueolégicas,
mencionan la ocurrencia de un evento arido durante los
siglos 17 a 19 que se correlaciona con la PEH definida
para el hemisferio Norte. Martinez et al. (2000) hallaron
evidencias sedimentoldgicas, geomorfoldgicas y edaficas
de la PEH en ambientes sedimentarios del Sudeste Bonae-
rense comprendidos entre Santa Clara y Mar Chiquita.

El rango de edad calendario obtenido para la parte supe-
rior del testigo AU3C2 (311-142 afios AP) corresponde a
la finalizacion de la Pequena Edad de Hielo (PEH). Es por
ello que aunque aun no se cuente con otras mediciones
radiocarbdnicas del testigo, seria posible suponer que los
sedimentos ubicados por debajo del nivel de 40 cm se de-
positaron mayoritariamente durante el transcurso de tal
desmejoramiento climatico global. Es asi que la inversion
circulatoria del golfo Nuevo, evidenciada por una menor
oxigenacion que la que ocurre en la actualidad, habria
sido consecuencia de la PEH, siendo estos por lo tanto los

Figura 7. 1, Bolivina ordinaria Phleger y Parker, MLP-Mi. 1699. 2, Boli-
vina striatula Cushman, MLP-Mi.1700; 3, Buccella peruviana f. campsi
(Boltovskoy), vista umbilical, MLP-Mi. 1701. 4, Bulimina marginata
d’Orbigny, MLP-Mi. 1702. 5, B. marginata, MLP-Mi. 1703. 6, B. margi-
nata, MLP-Mi. 1704. 7, Bulimina patagonica d’Orbigny, MLP-Mi. 1705.
8, B. patagonica, MLP-Mi. 1706. 9, Buliminella elegantissima (d"Or-
bigny), MLP-Mi. 1707. 10, B. elegantissima, MLP-Mi. 1708. 11, Clobo-
bulimina affinis (d"Orbigny), MLP-Mi. 1709. 12, Uvigerina peregrina
Cushman, MLP-Mi. 1710. Escala = 50 pm (figuras 1, 6, 8, 10, 11, 12);
100 pm (figuras 2, 3, 4, 5, 7, 9).

Figure 7.1, Bolivina ordinaria Phleger y Parker, MLP-Mi. 1699. 2, Boli-
vina striatula Cushman, MLP-Mi.1700. 3, Buccella peruviana f. campsi
(Boltovskoy), umbilical view, MLP-Mi. 1701. 4, Bulimina marginata
d’Orbigny, MLP-Mi. 1702. 5, B. marginata, MLP-Mi. 1703. 6, B. margi-
nata, MLP-Mi. 1704. 7, Bulimina patagonica d’Orbigny, MLP-Mi. 1705.
8, B. patagonica, MLP-Mi. 1706. 9, Buliminella elegantissima (d"Or-
bigny), MLP-Mi. 1707. 10, B. elegantissima, MLP-Mi. 1708. 11, Globo-
bulimina affinis (d'Orbigny), MLP-Mi. 1709. 12, Uvigerina peregrina
Cushman, MLP-Mi. 1710. Scale = 50 ym (figures 1, 6, 8, 10, 11, 12);
100 pm (figures 2, 3,4, 5, 7, 9).



Emiliana Bernasconi, Gabriela Cusminsky y Eduardo A. Gémez. Foraminiferos benténicos del Holoceno del Golfo Nuevo,
Argentina: inferencias paleocliméticas

29



Revista Espafiola de Micropaleontologia / v. 41/ n° 1-2 / 2009

Figura 8. Posicion relativa del testigo respecto del nivel del mar con los
niveles en cm, edad de los sedimentos en afios AP y la interpretacién pa-
leoambiental.

Figure 8. Relative position with regard to the sea level (levels in cm, ages
in yrs. B.P. and paleoambiental interpretation).

primeros indicios de la influencia de este desmejora-
miento climdtico global en el ambiente marino en Sud-
américa.

7. CONCLUSIONES

Los andlisis cualitativos y cuantitativos de los foraminife-
ros benténicos provenientes del golfo Nuevo confirman
condiciones de ambientes marinos marginales como asi
también una circulacion inversa a la actual que habria
dado condiciones de menor oxigenacion que en el pre-
sente. Ello obedeceria a la ocurrencia de un desmejora-
miento climatico persistente que habria conducido a una
disminucion en la evaporacién, a un aumento en las pre-
cipitaciones y a un posible incremento en la descarga flu-
vial en el golfo Nuevo. La edad radiocarbénica obtenida
en el testigo AU3C2 indica que tal desmejoramiento cli-
matico se corresponderia con la denominada Pequefia
Edad de Hielo, por lo que estos resultados serian enton-
ces los primeros indicios de su influencia en el ambiente
marino de Sudamérica.
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APENDICE: LISTA DE ESPECIES

Orden FORAMINIFERIDA Eichwald, 1830

Quinqueloculina seminulum (Linné) = Serpula seminulum Linné, 1758.

Amphicoryna scalaris (Batsch) = Nautilus (Orthoceras) scalaris Batsch, 1791.

Lenticulina limbosa (Boltovskoy) = Robulina limbosa Reuss, 1863.

Lenticulina reniformis (d’ Orbigny) = Cristellaria reniformis d’ Orbigny, 1846.
Neolenticulina peregrina (Schwage) = Cristellaria peregrina Schwager, 1866.

Lagena aspera Reuss = Lagena aspera Reuss, 1861.

Lagena caudata (d’ Orbigny) = Oolina caudata d’ Orbigny, 1839.

Lagena clavata (d’ Orbigny) = Oolina clavata d’ Orbigny, 1846.

Lagena laevis (Montagu), f. tenuis = Ovulina tenuis Bornemann, 1855.

Lagena laevis (Montagu), f. typica = Vermiculum laeve Montagu, 1803.

Lagena substriata Williamson = Lagena substriata Williamson, 1848.

Lagena sulcata (Walker y Jacob) f. lyellii = Serpula sulcata Walker y Jacob, 1798.

Fissurina earlandi Parr = Fissurina earlandi Parr, 1950.

Fissurina laevigata Reuss = Fissurina laevigata Reuss, 1850.

Fissurina quadricostulata (Reuss) = Lagena quadricostulata Reuss, 1870.

Bolivina compacta Sidebottom = Bolivina robusta Brady var. compacta Sidebottom, 1905.
Bolivina ordinaria Phleger y Parker = Bolivina simplex Phleger y Parker, 1950.

Bolivina pseudoplicata Heron-Allen y Earland = Bolivina pseudoplicata Heron-Allen y Earland, 1930.
Bolivina striatula Cushman = Bolivina striatula Cushman, 1922.

Bolivina variabilis (Williamson) = Textularia variabilis Williamson, 1858.

Brizalina difformis (Williamson) = Textularia variabilis var. difformis Williamson, 1858.
Cassidulina carinata Silvestri = Cassidulina laevigata d” Orbigny var. carinata Silvestri, 1896.
Globocassidulina crassa (d” Orbigny) = Cassidulina crassa d’ Orbigny, 1839.
Globocassidulina subglobosa (Brady) = Cassidulina subglobosa Brady, 1881.

Bulimina elongata d” Orbigny = Bulimina elongata d’ Orbigny, 1826.

Bulimina gibba Fornasini = Bulimina gibba Fornasini, 1902.

Bulimina marginata d’ Orbigny = Bulimina marginata d’ Orbigny, 1826.

Bulimina patagonica d’ Orbigny = Bulimina patagonica d’ Orbigny, 1839.

Globobulimina affinis (d” Orbigny) = Bulimina affinis d’ Orbigny, 1839.

Buliminella elegantissima (d"Orbigny) = Bulimina elegantissima d” Orbigny, 1839.
Uvigerina peregrina Cushman = Uvigerina peregrina Cushman var. parvula Cushman, 1923.

Angulogerina angulosa f. occidentalis (Cushman) = Uvigerina occidentalis Cushman, 1923.
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Furksenkoina schreibersiana (Czjzek) = Virgulina schreibersiana Czjzek, 1848.

Discorbis peruvianus (d’Orbigny) Rosalina peruviana d’ Orbigny, 1839.

Discorbis williamsoni (Chapman y Parr) = Rotalina nitida Williamson, 1858.

Discorbis malovensis Heron-Allen y Earland = Discorbis malovensis Heron-Allen y Earland, 1932.
Discorbinella bertheloti (d” Orbigny) = Rosalina bertheloti d’ Orbigny, 1839.

Cibicides dispars (d" Orbigny) = Truncatulina dispars d’ Orbigny, 1839.

Cibicides fletcheri Galloway y Wissler = Cibicides fletcheri Galloway y Wissler, 1927.

Nonion depressulus (Walker y Jacob) = Nautilus depressulus Walker y Jacob, 1798.
Nonionella auris (d" Orbigny) = Valvulina auris d’ Orbigny, 1839.

Astrononion pussilum Hornibrook = Astrononion pussilum Hornibrook, 1961.

Melonis affine (Reuss) = Nonionina affinis Reuss, 1851.

Buccella peruviana f. campsi (Boltovskoy) = Eponides peruvianus f. campsi Boltovskoy, 1954.
Elphidium articulatum (d” Orbigny) = Polystomella auriculata d’ Orbigny, 1839.

Elphidium discoidale (d" Orbigny) = Polystomella discoidalis d’ Orbigny, 1839.

Elphidium excavatum (Terquem) = Polystomella excavata Terquem, 1876.

Elphidium incertum (Williamson) = Polystomella umbilicatula, var. incerta Williamson, 1858.

Elphidium magellanicum Heron-Allen y Earland = Elphidium (Polystomella) magellanicum Heron-Allen y Earland, 1932
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Resumen

Catorce especies pertenecientes a la familia Paradoxostomatidae, 6 especies de la familia Pectocytheridae y 15 especies y subespe-
cies de Trachyleberididae, pertenecientes a 5 de sus subfamilias (Trachyleberidinae, Arculacythereinae, Cytherettinae, Ruggieriainae
y Schizocytherinae) fueron registradas en las Islas Salomén. Todas ellas son discutidas o descritas e ilustradas en el presente trabajo.
Se describen un nuevo género, Hypocritecythere y 15 nuevas especies y subespecies: Paradoxostoma bilocus, P. dorsostriata, P. so-
phicos, Javanella dolichostracon, Keijia radiata, K. brachychthonus, Kotoracythere doratus, Hypocritecythere polymorphica, Neocau-
dites pacifica listrotus, Ponticocythereis pollostus, Arculacythereis polytrematus, Alocopocythere reticulata fultura, A. reticulata perfecta,
Australimoosella polypleuron 'y Ruggeria caryonautes ssp. nov. Once especies y subespecies han sido descritas previamente en las re-
giones Indo-Pacifica y Australasica, siete especies quedan en nomina aperta y dos paradoxostomatidos son referidos a, o comparados
con otras especies de la familia. En conjunto, estas tres familias constituyen un componente importante de la fauna de ostracodos ma-
rinos de las Islas Salomén, especialmente al presentar muchos taxones nuevos.

Palabras clave: Ostracodos marinos, Reciente, Islas Salomén, Paradoxostomatidae, Pectocythereidae, Trachyleberididae, nuevos taxo-
nes.

Abstract

Fourteen species of the family Paradoxostomatidae, 6 species of the Pectocytheridae and 15 species and subspecies of the family Tra-
chyleberididae, belonging to 5 of its subfamilies (Trachyleberidinae, Arculacythereinae, Cytherettinae, Ruggieriainae and Schizo-
cytherinae) have been encountered in the Solomon Islands. All are discussed or described and illustrated. One new genus,
Hypocritecythere and 15 new species and subspecies are described: Paradoxostoma bilocus, P. dorsostriata, P. sophicos, Javanella
dolichostracon, Keijia radiata, K. brachychthonus, Kotoracythere doratus, Hypocritecythere polymorphica, Neocaudites pacifica listro-
tus, Ponticocythereis pollostus, Arculacythereis polytrematus, Alocopocythere reticulata fultura, A. reticulata perfecta, Australimoosella
polypleuron and Ruggeria caryonautes ssp. nov. Eleven species and subspecies have been previously described from the Indo-Pacific
and Australasian regions and seven species are left in open nomenclature and 2 paradoxostomatids are referred to or compared with
other species. These three families make up an important component of the total Solomon Island fauna, especially since many of them
are new.

Keywords: Marine Ostracoda, Recent, Solomon Islands, Paradoxostomatidae, Pectocythereidae, Trachyleberididae new taxa.

1. INTRODUCTION of recent papers by the present authors (Titterton & What-

ley, 2005, 2006a&b and Warne et al., 2006). This contri-
Since the late 1980’s there has been a resurgence of stud- bution is the 6" paper in the current series on the Recent
ies of Ostracoda in the Indo-Pacific area. A listing of the marine Ostracoda of the Solomon Islands. Quaternary
most important publications is given in the introduction marine and brackish Ostracoda from the islands are the
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subject of an additional study (Whatley et al., in press).
Prior to this, apart from Harding’s (1962) study of species
recovered from the gut of freshwater fishes, and two pa-
pers by the present authors on marine taxa (Whatley & Tit-
terton, 1981; Titterton & Whatley, 1988), which dealt with
two trachyleberidid genera and the large fauna (21
species) of Bairdiinae respectively, the Ostracoda of the
Solomon Islands had been sadly neglected.

The Solomon Islands are situated to the NE of Australia
and to the SE of New Guinea between Lat. 5°-12°S and
Long. 155°-162°E and enjoy an oceanic tropical climate.
The samples on which this study is based were collected
off the islands of Guadalcanal and Shortland (Fig. 1). The
location of the samples is given in Figs 2 and 3. All of the
samples are of largely biodetrital sand, ranging from very
fine to medium in grain size. Much of the medium sand
originated from coral and the samples were collected with
a simple pipe dredge or by diving. Details of the individ-
ual samples can be found in Titterton (1984 MS) and Tit-
terton & Whatley (1988).

Figure 1. The Solomon Islands.
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The total ostracod fauna comprises some 160 species be-
longing to 56 genera. The overwhelmingly dominant
group are the Cytheroidea (63%) the remainder are
cyprids (15%), bairdiids (8%) and platycopids/clado-
copids (13%).

It appears that species of Paradoxostoma are geographi-
cally restricted but this may in part be because in the Re-
cent the genus is very diverse but with few individuals and
because of the difficulties in identification of species and
comparison with those already described. Over one hun-
dred and twenty species have been described from the
Southern Oceans and of these, only about 25 have been
found by subsequent authors. For example Kajiyama
(1913) described 7 new species from Japan; Schornikov
(1974) 10 new species from the Kurile Islands and (1975)
8 new species from Japan; Hartmann (1964) described 4
new species from the Red Sea; (1974) 6 new species from
South Africa; (1978) 17 new species from western Aus-
tralia; (1979) 10 new species and 2 new subspecies from
Southern Australia and (1980) 7 new species from south-
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Figure 2. Location of sample stations, Honiara Bay, N. Guadalcanal, Solomon Islands.

eastern Australia; Whatley et al. (2000) described 5 new
species of from Easter Island, one of which occurs in the
Pitcairn group where Whatley et al. (2004) encountered
no new species. Thirteen species of the genus were en-
countered in the present material, 6 appear to be new but
there is insufficient material to substantiate them as new
taxa. However, 2 species also occur in northeastern Aus-
tralia (Hartmann, 1981) and 3 other species have been
recorded as far away as the Java Sea (Watson, 1988 MS).
Other authors have described 3 or less new species.

The Pectocytherids are represented by 6 species includ-
ing the widely distributed species K. demissa and K. in-
conspicua but also by 1 new genus and 4 new species.
The Trachyleberididae are represented by 15 species and
make up some 8% of the total ostracod fauna. Notwith-
standing this relatively small percentage, this family is im-
portant with such very conspicuous species as the
‘armoured’ Ponticocythereis manis one of the most spec-
tacularly ornamented ostracods of all time. The character
of the trachyleberids is very much SW Pacific/Australasian,
although one species ranges as far afield as Kenya. How-
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ever, within the regional aspect of the fauna there is a dis-
tinct component apparently endemic to the Solomon Is-
lands with more than half the fauna being new.

2. SYSTEMATIC DESCRIPTIONS

The type specimens of all new taxa are housed in the col-
lections of the Natural History Museum, London to which
the catalogue numbers prefixed RT/SIR refer. Catalogue
numbers prefixed OS refer to specimens deposited in the
collections of the Department of Palaeontology, Natural
History Museum, London. Specimens are of adults unless
otherwise stated. All dimensions are given in millimetres
and the size convention for adults is as follows: <0.40 very
small, 0.40-0.50 small, 0.50-0.70 medium, 0.70-1.00 large,
> 1.0 very large. Other conventions used throughout are:
LV=left valve, RV=right valve, C=carapace, A=adult,
juv.=juvenile, rpc=radial pore canal, npc=normal pore
canal, LOC= line of concrescence, IM=inner margin,
OM=outer margin. All new taxa are fully described.
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Figure 3. Location of sample stations, Shortland Island, Solomon Islands.

Order PODOCOPIDA Miiller, 1894
Suborder PODOCOPINA Sars, 1866
Superfamily CYTHEROIDEA Baird, 1850
Family PARADOXOSTOMATIDAE Brady & Norman,
1889
Subfamily PARADOXOSTOMATINAE Brady & Norman,
1889

Genus Paradoxostoma Fischer, 1855

Type species.- Paradoxostoma dispar Fischer, 1855.
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Remarks.- Miiller (1894) believed shape to be the most
important character in distinguishing species of Paradox-
ostoma without soft-parts. He considered marginal pore
canals less reliable as they may vary in distribution within
a species. This may be because all the marginal pore
canals are false, their length depending on their position
relative to the line of concrescence. Normal pore canals
which occur under the free part of the inner lamella in
some specimens may appear in others as false marginal
pore canals if the fused zone of the inner lamella is wider.
It is, therefore, important to map the position of both mar-
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ginal and normal pore canals. Only two species, P. dorsos-
triata and P. sophicos spp. nov. occurred in the present
material in sufficient numbers to compare the distribution
of pore canals between individuals and in both species it
was found that the number and position of canals was
constant.

Paradoxostoma fuscumaculosus Hartmann, 1981
(Fig. 4, Nos 20, 21; PI. 1, Figs 12, 16, 17)

1981 Paradoxostoma fuscumaculosum Hartmann,
p. 12, Text-Figs 72-75.

Material.-14 valves, A-2 to adult.

Dimensions.-
Length Height

RV, RT/SIR/504 0.54 0.32
LV, RT/SIR/505 0.60 0.34
RV, RT/SIR/506 0.59 0.33
RV, RT/SIR/507 0.59 0.33
A-T RV 0.50 0.27
A-2 RV 0.39 0.21

Distribution.- Living on algae, Heron Island off the north-
eastern coast of Australia (Hartmann, 1981). Present study
samples: 1, 13, 14, 17, 20, 50, 55, OS6, Guadalcanal and
Shortland islands.

Remarks.- This species is translucent with large, variable
opaque patches, it is subtrapezoidal in lateral view and
subelliptical in dorsal view. It is most similar in size and
shape to P. hoppei Hartmann, 1978 (eulittoral, W Aus-
tralia) but there are differences in the number and posi-
tion of the marginal pore canals. Paradoxostoma sp. A of
the present study, also belongs to the same species group
but is less strongly caudate posteriorly.

Paradoxostoma heronislandensis Hartmann, 1981
(Fig. 4, No. 5; PI. 1, Fig. 34)

1981 Paradoxostoma heronislandensis Hartmann, p.
127, Text-Figs 76-79.

39

Material.- 1 adult valve.

Dimensions.-
Length
0.60

Height

RV, RT/SIR/538 0.25

Distribution.- Living on algae, Heron Island off the north-
eastern coast of Australia (Hartmannn, 1981). Present
study sample: 54, Guadalcanal.

Remarks.- The present species differs from P. dorsostriata
sp. nov. in being slightly larger, the fused zone of the inner
lamella is wider, the line of concrescence is gently sinu-
ous, particularly anteroventrally, and it lacks the an-
terodorsal striations. It is also similar in shape to
Paradoxostoma sp. 2 Whatley et al., 2004 (Henderson Is-
land, Pitcairn Group) although this species is much
smaller (L = 0.34).

Paradoxostoma sp. cf. P. mimicus Whatley et al., 2000
(Fig. 4, Nos. 18, 19; PI. 1, Figs 4, 5)

2000 Paradoxostoma mimicus Whatley et al., p. 156.
Material.- 3 adult valves.

Diagnosis.- A large, very thin-shelled, translucent species
of Paradoxostoma, elongate subelliptical in lateral view
and laterally compressed. Anterior margin sharply
rounded subdorsally, straight and sloping obliquely an-
teroventrally. Posterior margin very strongly caudate with
subdorsal extremity. Dorsal margin almost straight. Ven-
tral margin gently convex. Greatest length subdorsal;
greatest height at anterior quarter. Surface of valves

smooth.
Dimensions.-

Length Height
RV, RT/SIR/541 0.93 0.26
RV, RT/SIR/543 broken

Distribution.- Samples: 15, 14, Guadalcanal.

Remarks.- Although this species resembles certain bytho-
cytherids, it is unquestionably a paradoxostomatid in that
it possesses 4 rather than 5 adductor scars. There are a
number of similar species in the Australia/Indo-Pacific re-
gion which perhaps warrant a new genus to embrace
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them, all of which differ in important details of size, shape
and internal morphology from the present taxon. Among
the species referred to are: Paradoxostoma sp. 2 Warne et
al., 2006. (Port Darwin, N Australia); Xiphichilus
lanceaformis Mostafawi, 1992 (N Indonesia); Para-
cytherois sp. A Labutis 1977 MS (Great Barrier Reef); Para-
doxostoma aff. subtile Bonaduce et al., of Cabioch et al.,
1986 (New Caledonia);
Behrens, 1991 (Great Barrier Reef). However, it seems

Paradoxostoma lizardensis

closest to P mimicus Whatley et al., 2000 (Easter Island),
although it was absent from the Pitcairn Group fauna
(Whatley et al., 2004), from which it differs in details of
shape, mainly in being somewhat less rounded anteriorly.

Paradoxostoma sp. aff. P. angolensis Hartmann, 1974
(Fig. 4, No. 28; PI. 1, Figs 9-11)

1974 Paradoxostoma angolensis Hartmann, p. 333,
Text-Figs 775-785, Pls 108, 109.

Material.- 1 adult carapace and 1 adult valve.

Description.- Medium. Thin-shelled. Translucent with
opaque patches anteriorly and posteriorly. Subovate in lat-
eral view; laterally compressed. Anterior margin narrow,
well rounded; extremity just below mid-height. Posterior
margin slightly caudate; extremity well rounded, above
mid-height. Dorsal margin strongly arched towards pos-
terior: cardinal angles rounded. Ventral margin almost
straight. Greatest length at mid-height; greatest height at
posterior third; greatest width median. Surface of valves
smooth. Npcs few, small, regularly distributed. Inner
lamella wide, LOC and IM widely divergent, forming a
single large vestibulum. Approximately 11 anterior and 10
posterior rpc’s canals, all false, some short, simple straight.
Hinge lophodont. Four elongate adductor muscle scars;
frontal scar not observed.

Dimensions.-

Length  Height  Width
C, RT/SIR/512, 513 0.59 0.31 0.18
LV, RT/SIR/514 0.60 0.30

Distribution.- Sample: OS6, Shortland Island.
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Remarks.- The present species although very similar to P.
angolensis Hartmann, 1964 (Recent, Angola), differs in the
number and position of the marginal pore canals. It differs
from P. fuscumaculosum Hartmann, 1981 in being more
compressed laterally and less well calcified. Paradoxos-
toma sp. 1 Whatley et al., 2004 (Henderson Island, Pit-
cairn Group) differs in its less regular inner margin and
larger size (L = 0.64-0.65).

Paradoxostoma bilocus sp. nov.
(Fig. 4, Nos 23, 24; PI. 1, Figs 18, 19)

Derivatio nominis.- L. bi - two, plus locus - place. With
reference to the two geographically separated localities
where this species is found.

Holotype.- Female LV, RT/SIR/524. Plate 1, Fig. 18.

Type locality and horizon.- Shortland Island, sample OS6.
Exact locality unknown but thought to be from the inter-
tidal zone near a coral reef, on the NE coast of the island,

Figure 4. Internal lateral views. 1-2, Paradoxostoma sophicos sp. nov.1,
Left valve RT/SIR/521 x 61.3. 2, Right valve RT/SIR/520 x 61.3. 3-4, Para-
doxostoma sp. B 3, Left valve RT/SIR/515 x 57.7. 4, Right valve
RT/SIR/516 x 57.7. 5, Paradoxostonma heronislandensis Hartmann, 1981
right valve RT/SIR/538 x 60.8. 6-7, Paradoxostoma dorsostriata sp. nov.
6, Left valve RT/SIR/537 x 66.0. 7, Right valve RT/SIR/536 x 65.3. 8, 11,
Paradoxostoma sp. E 8, Left valve RT/SIR/539 x 61.7. 11, Right valve
RT/SIR/540 x 59.6. 9-10, Paradoxostoma sp. C 9, Left valve RT/SIR/522
x 60.3. 70, Right valve RT/SIR/523 x 58.2. 12-13, Paradoxostoma. sp. D
12, Left valve RT/SIR/532 x 66.7. 13, Right valve RT/SIR/530 x 62.1. 14-
17, Javanella dolichostracon sp. nov. 14, Right valve RT/SIR/552 x 59.6.
17, Left valve RT/SIR/551 x 63.8. 15-16, Paradoxostoma sp. F 15, Left
valve RT/SIR/546 x 57.4. 16, Right valve RT/SIR/544 x 60.0. 18-19, Para-
doxostoma sp. cf. Paradoxostoma mimicus Whatley et al., 2000 18, Left
valve RT/SIR/542 x 64.5. 19, Right valve RT/SIR/541 x 64.5. 20-21, Ja-
vanella dolichostracon sp. nov. 20, Left valve RT/SIR/505 x 55.0. 217,
Right valve RT/SIR/507 x 54.2. 22-25, Paradoxostoma sp. A 22, Left valve
RT/SIR/510 x 59.3. 25, Right valve RT/SIR/511 x 51.9. 23-24, Paradox-
ostoma bilocus sp. nov. 23, Holotype female left valve RT/SIR/524 x
53.8. 24, Paratype female right valve RT/SIR/526 x 50.8. 26-27, Hyp-
ocritecythere polymorphica gen. et sp. nov. 26, Left valve RT/SIR/686 x
48.6. 27, Right valve RT/SIR/687 x 51.5. 28, Paradoxostoma sp. aff. P. an-
golensis Hartmann, 1974 left valve RT/SIR/514 x 56.7. 29-30, Keijia de-
missa (Brady, 1868) 29, Male left valve RT/SIR/564 x 67.3. 30, Female
right valve RT/SIR/563 x 80.6. 31, 34, Keijia brachychthonus sp. nov. 31,
Left valve RT/SIR/571 x 66.7. 34, Right valve RT/SIR/572 x 61.2. 32-33,
Kotoracythere inconspicua (Brady, 1880) 32, Female left valve
RT/SIR/591 x 79.5. 33, Male right valve RT/SIR/593 x 80.0. 35-36, Ko-
toracythere doratus sp. nov. 35, Paratype left valve RT/SIR/596 x 78.0. 36,
Paratype right valve RT/SIR/597 x 73.3. 37-38, Keijia radiata sp. nov. 37,
Male left valve RT/SIR/583 x 70.2. 38, Male right valve RT/SIR/584 x
75.6.
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in the vicinity of Rokuai Island. Coarse-grained coral sand.
Recent.

Material.- 8 adult valves from the Solomon Islands and 15
adult valves from the Pulau Seribu in the Java Sea.

Diagnosis.- A medium, sexually dimorphic trapezoidal
species of Paradoxostoma with males proportionally more
elongate and less high than females. Most specimens with
elongate excavation medianly in posterior third.

Description.-Medium. Subtrapezoidal. Males proportion-
ally more elongate than females. Anterior margin narrowly
rounded with extremity well below mid-height. Posterior
margin wider and produced into a narrowly rounded cau-
dal process with apex narrowly rounded and above mid-
height; posteroventral slope straight, oblique and at an
obtuse angle to ventral margin. Dorsal margin a gently
convex arc. Ventral margin almost straight and shallow
oral incurvature just anterior of mid-length. Lateral sur-
face smooth but most specimens with elongate excava-
tion medianly in posterior third. Inner lamella broad with
large vestibulum around entire free margin. Seven short
npc’s anteriorly, 5 ventrally and 8-9 posteriorly. Hinge
lophodont. Four large adductor muscle scars and 2 small,
subovate frontal scars.

Dimensions.-
Length Height

Holotype female LV, RT/SIR/524 0.65 0.29
Paratype male RV, RT/SIR/525 0.62  0.27
Paratype female RV, RT/SIR/526 0.65 0.30
Paratype male RV, RT/SIR/527 0.63  0.29
Paratype female LV, RT/SIR/528 0.65 0.28

Distribution.- Samples: K40, K48, Pulau Kotok Kecil; PT2,
PT3, PT9, PT10, PTN20, PSM47, Pulau Petundang Kecil,
Pulau Seribu, Java Sea (Watson, 1988 MS). Present study
samples: 1, 14, 17, 20, 58, OS6, Guadalcanal and Short-
land islands.

Remarks.- The material described from the Java Sea is
somewhat smaller but clearly of the same species. The
present species belongs to the same Recent species group
as P. aculeoliferum and P. japonicum Schornikov, 1975,
(SE coast of Honshu, Japan) and P. brunneum Schornikov,
1974 (Kurile Islands), P. romei McKenzie, 1967 (S Aus-
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tralia), P. albaniensis Hartmann, 1979 (WSW Australia)
and P. heronsislandensis Hartmann, 1981 (E Australia), P
phaeophycicola Hartmann, 1974 (South Africa), P. atten-
uatum Scott, 1905 (Ceylon), P. subtile Bonaduce et al.,
1980 (Red Sea) and P. angustum Miiller, 1894 (Bay of
Naples). All these species differ in size, subtle details of
shape and outline and in their internal characters. Para-
doxostoma novaecaledoniae Brady, 1880 is very similar
in shape but is much longer (L=0.87).

Paradoxostoma dorsostriata sp. nov.
(Fig. 4, Nos 6, 7; PI. 1, Figs 31-33)

Derivatio nominis.- L. With reference to the longitudinal
striations parallel to the dorsal margin.

Holotype.- LV, RT/SIR/534. Plate 1, Fig. 33.

Type locality and horizon.- Shortland Island, sample OS6.
Exact location unknown but thought to be from the inter-
tidal zone near a coral reef, off the NE coast of the island,
in the vicinity of Rokuai Island. Coarse-grained, coral
sand. Recent.

Material.- 12 valves and carapaces A-2 to adult and 10
specimens from the Pulau Seribu, Java Sea described by
Watson (1988 MS).

Diagnosis.- A species of Paradoxostoma, subelliptical in
shape in lateral view: strongly compressed in dorsal view.
Anterior margin very narrow. Posterior cardinal angle ob-
tusely rounded, below which 4 or 5 very fine striations ex-
tend longitudinally parallel to dorsal margin. Fused area of
inner lamella narrow; inner margin gently sinuous anteri-
orly.

Description.- Small to medium. Very thin-shelled. Translu-
cent. Sexual dimorphism not observed. Subelliptical in lat-
eral view; compressed and elliptical in dorsal view.
Anterior margin very narrow, sharply rounded; extremity
below mid-height. Posterior margin broader; anterodorsal
and posterodorsal slopes meeting with a rounded right
angle; extremity at mid-height. Dorsal margin almost
straight, sloping towards anterior; anterior angle rounded,
posterior cardinal angle obtusely rounded. Ventral margin
almost straight with very slight oral concavity. Greatest
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length just below mid-height; greatest height at posterior
quarter; greatest width median. Valves subequal, RV over-
laps LV posteriorly. Surface of valves smooth except for 4
or 5 very fine striations immediately below posterior car-
dinal angle, extending longitudinally parallel to dorsal
margin. Npc’s few, small, regularly distributed. Inner
lamella moderately wide. A broad vestibulum around an-
terior, ventral and posterior margins; narrowest ventrally.
Fused area very narrow; inner margin gently sinuous an-
teriorly. Rpc’s few, widely spaced, short, simple canals;
approximately 10 anterior and ventral canals observed.
Hinge lophodont. Central muscle scar pattern comprises
4 elongate adductor scars, closely spaced; frontal scar not

observed.
Dimensions.-

Length Height Width
Holotype LV, RT/SIR/534 0.53  0.21
Paratype C, RT/SIR/533 0.54 0.23 0.14
Paratype RV, RT/SIR/535 0.53 0.21
RV, RT/SIR/536 0.49  0.20
Paratype LV, RT/SIR/537 0.50 0.20
A-1 RV 0.43 0.17
A-2 0.32 0.13

Distribution.- Samples: 24, 94, L5, Pulau Pari; K16, K29,
Pulau Kotok Kecil; PT1, Pulau Petundang Kecil, Pulau
Seribu, Java Sea (Watson, 1988 MS). Present study sample:
0OS6, Shortland Island.

Remarks.- The present species is somewhat similar in
shape to P. heronislandensis Hartmann, 1981 and Para-
doxostoma sp. B of the present study but may be distin-
guished by the very fine striations parallel on the dorsal
margin. The fused zone of the inner lamella is narrower
and the inner margin gently sinuous anteriorly.

Paradoxostoma sophicos sp. nov.
(Fig. 4, Nos 1, 2; PI. 1, Figs 26, 27, 30)

Derivatio nominis.- Gr. cofikog - sophikos, of wisdom.
With reference to the wisdom of Solomon and an allusion
to the type locality.

Holotype. - LV, RT/SIR/517. Plate 1, Fig. 26.

Type locality and horizon.- Shortland Island, sample OS6.
Exact locality unknown but thought to be from the inter-
tidal zone near a coral reef, on the NE coast of the island,
in the vicinity of Rokuai Island. Coarse-grained coral sand.
Recent.

Material.- 12 adult valves.

Diagnosis.- A species of Paradoxostoma, subtrapezoidal
in shape in lateral view. Anterior margin narrowly
rounded; posterior margin caudate; extremity subdorsal.
Smooth but with short, poorly defined longitudinal ribs at
end margins. Inner lamella wide; LOC and inner margin
almost coincident posteriorly and ventrally with 2 small
pocket-like vestibula; semicircular anterior vestibulum.

Description.- Medium. Thin-shelled. Translucent. Sub-
trapezoidal in lateral view; elliptical in dorsal view. Ante-
rior margin very narrow, sharply rounded; extremity
below mid-height. Posterior margin caudate; extremity
subdorsal; posteroventral slope long, obliquely sloping,
almost straight. Dorsal margin strongly arched; cardinal
angles rounded. Ventral margin almost straight. Greatest
length below mid-height; greatest height median; greatest
width median. Valves laterally compressed, smooth ex-
cept short, poorly defined longitudinal ribs at end mar-
gins. Npcs moderately numerous, small, evenly scattered.
Inner lamella wide, LOC and inner margin almost coinci-
dent posteriorly and ventrally, with 2 small, pocket-like
vestibula; divergent anteriorly with semicircular vestibu-
lum. Mpcs few; approximately 9 anterior and 8 posterior
canals, simple, straight; all false, some short, others almost
to OM. Hinge lophodont. Four elongate adductor scars;
frontal scar not observed.

Dimensions.-

Length Height
Holotype LV, RT/SIR/517 0.64 0.23
Paratype RV, RT/SIR/518 0.63 0.28
Paratype LV, RT/SIR/519 0.60 0.24
Paratype RV, RT/SIR/520 0.62 0.25
Paratype LV, RT/SIR/521 0.62 0.25

Distribution.- Sample: OS6, Shortland Island.

Remarks.- The present species is distinctive in that the
fused area of the inner lamella is broad posteriorly with 2
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small, pocket-like vestibula. Paradoxostoma trapezoideum
Mckenzie, 1967 (Recent, S Australia) is similar in shape
but is shorter (by almost 0.2 mm) than the present species
and possesses a single large posterior vestibule. Paradox-
ostoma sp. C of the present study differs in that the pos-
teroventral margin slopes more obliquely and merges with
the ventral margin.

Paradoxostoma sp. A
(Fig. 4, Nos 22, 25; PI. 1, Figs 13-15)

Material.- 7 adult valves.

Diagnosis.- A medium, moderately thin-shelled species of
Paradoxostoma, translucent with variable opaque patches;
1 large, median patch extending from dorsal almost to
ventral margin; smaller patches anteriorly and posteriorly.
Subovate in lateral view: elliptical in dorsal view. Anterior
margin narrow, well rounded, extremity at mid-height.
Posterior margin caudate, extremity subdorsal, pos-
terodorsal slope very short, posteroventral slope long and
convex. Dorsal margin strongly arched: cardinal angles
rounded. Ventral margin almost straight; very slight oral

concavity.
Dimensions.-

Length Height
LV, RT/SIR/508 0.55 0.30
RV, RT/SIR/509 0.57 0.33
LV, RT/SIR/510 0.54 0.29
RV, RT/SIR/511 0.52 0.30

Distribution.- Samples: 2, 17, OS5, OS6, Guadalcanal and
Shortland islands.

Remarks.- The present species belongs to the same species
group as P. bradyi Sars, 1928 and P. abbreviatum Sars,
1866 (both from Europe) but is distinguished in its more
dorsal caudal process. Paradoxostoma hoppei Hartmann,
1979, (eulittoral, S Australia), is also similar but the cau-
dal process is less well developed. Paradoxostoma aff.
caudatum Hartmann of Cabioch et al.,, 1986 (New Cale-
donia) has a similar posterior margin but is more elongate
and longer (L=0.68). Although the present species is prob-
ably new there was insufficient, well preserved material
on which to erect a new species.
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Paradoxostoma sp. B
(Fig. 4, Nos 3, 4; PI. 1, Figs 28, 29)

Material.- 2 adult and 1 juv. valves.

Diagnosis.- A medium, very thin-shelled and translucent
species of Paradoxostoma. Subelliptical in lateral view, lat-
erally compressed. Anterior margin narrow, sharply
rounded; extremity at mid-height. Posterior margin slightly
caudate; extremity well above mid-height. Dorsal margin
arched, cardinal angles rounded. Ventral margin almost
straight. Surface of valves smooth.

Dimensions.-

Length Height
LV, RT/SIR/515 0.52 0.19
RV, RV/SIR/516 0.52 0.20

Distribution.- Sample: 17, Guadalcanal.

Remarks.- The present species is similar in shape to P. al-
baniensis Hartmann, 1978 (eulittoral, SW Australia), how-
ever, it is smaller and the number and position of the
marginal pore canals differs between the two. The present
species also resembles P. sp. aff. P angolensis of the pres-
ent study, but is smaller, the posterior extremity more
rounded and the fused area of the inner lamella narrower.

Paradoxostoma sp. C
(Fig. 4, Nos 9, 10; PI. 1, Figs 24, 25)

Material.- 2 adult and 1 juv. valve.

Diagnosis.- A medium, very thin-shelled, translucent
species of Paradoxostoma. Subelliptical in lateral view, lat-
erally compressed. Anterior margin narrow, sharply
rounded; extremity sub-ventral. Posterior margin strongly
caudate; extremity sharply rounded just below mid-
height. Dorsal margin strongly arched, cardinal angles
rounded. Ventral margin gently biconvex with broad oral
concavity. Greatest length just below mid-height; greatest
height just posterior to mid-length; greatest width median.
Surface of valves smooth.
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Dimensions.-

Length  Height
LV, RT/SIR/522 0.68 0.26
RV, RT/SIR/523 0.67 0.26

Distribution.-Sample: OS6, Shortland Island.

Remarks.- Paradoxostoma promunturiumphsicicolum
Hartmann, 1979 (Recent, S Australia) resembles the pres-
ent species. The latter, however, is more strongly arched
dorsally, the fused area of the inner lamella is broader and
the marginal pore canals more numerous. Paradoxostoma
angustum Miller, 1894 (Recent, Europe) is also very sim-
ilar, but the posterior extremity is more dorsal.

Paradoxostoma sp. D
(Fig. 4, Nos 12, 13; PI. 1, Figs 20, 21)

Material.- 4 adult valves and 1 adult carapace.

Diagnosis.- A medium sized, translucent, thin-shelled and
trapezoidal species of Paradoxostoma which is very later-
ally compressed and narrowly rounded and sharply
rounded at each end with apices just below mid-height.
Dorsal margin arched towards posterior: cardinal angles
rounded. Ventral margin with gentle oral concavity. Sur-
face of valves smooth.

Dimensions.-

Length  Height  Width
C, RT/SIR/529 0.58 0.25 0.16
RV, RT/SIR/ 530 0.58 0.24
RV, RT/SIR/531 0.57 0.23
LV, RT, SIR/532 0.57 0.25

Distribution.- Samples: OS3, OS5, Shortland Island.

Remarks.- Similar to P. sophicos sp. nov. of the present
study but is less caudate posteriorly and the fused area of
the inner lamella is narrower anteriorly.

Paradoxostoma sp. E
(Fig. 4, Nos 8, 11; PI. 1, Figs 22, 23)
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Material.- 1 adult carapace (opened).

Diagnosis.- A medium sized species of Paradoxostoma,
subelliptical in lateral view; laterally compressed. End
margins narrow, well rounded. Dorsal margin strongly
arched; cardinal angles rounded. Ventral margin almost
straight; very gentle oral concavity. Greatest length well
below mid-height; greatest height and width median. Sur-
face of valves smooth.

Dimensions.-

Length Height
LV, RT/SIR/539 0.47 0.20
RV, RT/SIR/540 0.47 0.20

Distribution.- Sample: OS6, Shortland Island.

Remarks.- Similar in shape to P commune McKenzie,
1967 (Recent, S Australia) but differs in the structure of the
inner margin and radial pore canals. Paradoxostoma pro-
pearcuatum Hartmann, 1978 (Recent, W Australia) differs
in being more strongly arched dorsally.

Paradoxostoma sp. F
(Fig. 4, Nos 15, 16; PIl. 1, Figs 1-3)

Material.- 3 adult valves.

Diagnosis.- A large, elongate, subelliptical species of Para-
doxostoma. Anterior narrowly but well rounded. Posterior
margin strongly caudate; extremity subventral. Dorsal
margin strongly arched. Ventral margin almost straight.
Greatest length subventral; greatest height median. Sur-
face of valves smooth.

Dimensions.-

Length Height
RV, RT/SIR/544 0.70 0.19
LV, RT/SIR/545 0.68 0.19
LV, RT/SIR/546 0.68 0.19

Distribution.- Sample: R3, Palau Ringit Island, Pulau
Seribu, Java Sea (Watson, 1988 MS). Present study sam-
ples: 13, 60, OS6, Guadalcanal and Shortland islands.

Remarks.- The subventral position of the caudal process
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distinguishes this species. The present authors consider it
to be a new species but it must remain with open nomen-
clature because of the paucity of material.

Genus Javanella Kingma, 1948
Type species.- Javanella kendengensis Kingma, 1948.

Remarks.- We follow Keij (1957) and Warne et al., 2006
in separating this genus from the closely related Pellucis-
toma Coryell & Fields, 1937. Species of Javanella are more
angular than the more rounded species of Pellucistoma.
While the former genus is probably most common in the
Indo-Pacific, some clearly ovate species of Pellucistoma
also occur in the Pacific, such as Pellucistoma sp. Whatley
et al. (2004) from the Pitcairn Group (PI. 4, Figs 18-20).

Javanella dolichostracon sp. nov.
(Fig. 4, Nos 14, 17; PI. 1, Figs 6-8)

Derivatio nominis.- Gr. doAiyog - dolichos, long; plus oo—
Tpakov - ostrakon, a shell, meaning long shell. With ref-
erence to the elongate shape of this species.

Holotype.- LV, RT/SIR/548. Plate 1, Fig. 6.

Type locality and horizon.- Honiara Bay, Guadalcanal,
sample 40, 3,100 feet offshore, east of the Matanikau
River, 20 fathoms. Unconsolidated, medium-grained sand.
Recent.

Material.- 37 valves and carapaces, all adults.

Diagnosis.- A small to medium, notably elongate species
of Javanella, subelliptical in shape in dorsal and lateral
views. Dorsal margin almost straight; posterior caudal
process slightly downturned. Inner lamella broad with
large, semicircular anterior vestibulum.

Description.- Small to medium. Thin-shelled. Translucent.
Notably elongate subelliptical in lateral and dorsal views.
Anterior margin rounded extremity just below mid-height.
Posterior margin strongly and sharply caudate, extremity
just above mid-height. Dorsal margin very gently arched:
cardinal angles rounded. Ventral margin almost straight,
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obliquely sloping to caudal process. Greatest length just
above mid-height; greatest height and width medianly.
Valves subequal in size, evenly inflated medianly, narrow
anteriorly and posteriorly. Surface smooth. Npc’s numer-
ous, large, evenly distributed. Inner lamella moderately
wide with large semicircular anterior vestibulum and nar-
rower, crescentic posteroventral vestibulum. Inner margin
subparallel to outer margin. Approximately 19 anterior
and 18 posterior true mpc’s straight, slightly inflated me-
dianly; approximately 15 false canals, evenly spaced
about inner lamella. Selvage weak, peripheral anteriorly;
subperipheral posteroventrally. Hinge weakly merodont.
Central muscle scars towards anterior, 4 adductors, me-
dian 2 scars more elongate; heart-shaped frontal scar.

Plate 1. 1-3, Paradoxostoma sp. F 1, Left valve RT/SIR/546 external lat-
eral view x 67.6, 2, Left valve RT/SIR/545 internal view x 70.6, 3, Right
valve RT/SIR/544 external lateral view x 68.6. 4-5, Paradoxostoma sp.
cf. Paradoxostoma mimicus Whatley et al,, 2000. 4, Right valve
RT/SIR/541 external lateral view x 74.2. 5, Right valve RT/SIR/543 inter-
nal view x 76.3. 6-8, Javanella dolichostracon sp. nov. 6, Holotype left
valve RT/SIR/548 external lateral view x 89.6. 7, Paratype left valve
RT/SIR/549 internal view x 93.6. 8, Paratype carapace RT/SIR/547 dor-
sal view x 95.8. 9-11, Paradoxostoma sp. aff. P. angolensis Hartmann,
1974 9, 10, Carapace RT/SIR/512/513 9, external lateral view of RV x
55.9, 10, external lateral view of LV x 61.0, 17, Left valve RT/SIR/514 in-
ternal view x 58.3. 12, 16, 17, Paradoxostoma fuscumaculosus Hart-
mann, 1981. 72, Right valve RT/SIR/504 external lateral view x 61.1, 76,
Left valve RT/SIR/505 external lateral view x 58.3, 17, Right valve
RT/SIR/506 internal view x 57.6. 13-15, Paradoxostoma sp. A. 13, Right
valve RT/SIR/509 external lateral view x 54.4, 14, Left valve RT/SIR/508
external lateral view x 61.8, 15, Left valve RT/SIR/510 internal view x
68.5. 18-19, Paradoxostoma bilocus sp. nov. 18, Holotype female left
valve RT/SIR/524 external lateral view x 56.9, 19, Paratype male right
valve RT/SIR/525 internal view x 59.7. 20-21, Paradoxostoma. sp. D. 20,
Carapace RT/SIR/529, external lateral view of LV x 63.8. 21, Right valve,
RT/SIR/531, internal view x 63.2. 22-23, Paradoxostoma sp. E. 22, Left
valve RT/SIR/539 external lateral view x 70.2, 23, Right valve RT/SIR/540
external lateral view x 72.3. 24-25, Paradoxostoma sp. C. 24, Left valve
RT/SIR/522 external lateral view x 57.4, 25, Right valve RT/SIR/523 ex-
ternal lateral view x 58.2. 26, 27, 30, Paradoxostoma sophicos sp. nov.
26, Holotype left valve RT/SIR/517 external lateral view x 59.4, 27,
Paratype right valve RT/SIR/518 external lateral view x 60.3, 30, Paratype
left valve RT/SIR/519 internal view x 61.7. 28-29, Paradoxostoma sp. B.
28, Left valve RT/SIR/515 external lateral view x 73.1, 29, Right valve
RT/SIR/516 external lateral view x 73.1. 31-33, Paradoxostoma dorsos-
triata sp. nov. 31, Paratype carapace RT/SIR/533 dorsal view x 64.8, 32,
Holotype left valve RT/SIR/534 external lateral view x 66.0, 33, Paratype
right valve RT/SIR/535 external lateral view x 64.2. 34, Paradoxostoma
heronislandensis Hartmann, 1981, right valve RT/SIR/538 external lat-
eral view x 60.0.
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Plate 1
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Dimensions.-
Length Height Width

Holotype LV, RT/SIR/548 0.48 0.19
Paratype C, RT/SIR/547 0.48 0.19  0.17
Paratype LV, RT/SIR/549 0.47 0.19
Paratype LV, RT/SIR/550 0.46 0.18
LV, RT/SIR/551 0.47 0.19
RV, RT/SIR/552 0.47 0.19

Distribution.- Samples: 14, 29, 30, 40, 41, 53-58, 60, 61,
Guadalcanal.

Remarks.- The present species differs from other species of
the genus in being more elongate with an almost straight
dorsal margin, slightly down-turned caudal process and a
large anterior vestibulum. It is probably closest to Javanella
kendegensis Kingma, 1948 but differs in its greater length
and its more pointed posterior. It resembles Paradoxos-
toma rubrum Miiller, 1894 (Recent, Gulf of Naples) but
differs from the latter in that the caudal process is shorter,
the dorsal margin straighter, the marginal pore canals are
more numerous and the central muscle scars are undi-

vided.

Family PECTOCYTHERIDAE Hanai, 1957
Genus Keijia Teeter, 1975

Type species.- Cythere demissa Brady, 1868.

Keijia demissa (Brady, 1868)
(Fig. 4, Nos 29, 30; PI. 2, Figs 1-8)

1868 Cythere demissa sp. nov. Brady, p. 180,
Pl. 12, Figs 1, 2.

1990 Keijia demissa (Brady). Gou, p. 26, Pl. 3,
Fig. 38a, b.

2001 Keijia demissa (Brady). Titterton, Whatley &
Whittaker, p. 38, PI. 2, Figs 13-19 (g.v. for
synonymy).

2001 Keijia demissa (Brady). Mohan, Ravi, Hussain
& Rao, p. 2, PI. 1, Figs 14, 15.

2006 Keijia demissa (Brady). Warne, Whatley &
Blagden, PI. 6, Figs 7-9.
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Material.- 80 valves and carapaces, A-1 to adult.

Dimensions.-
Length Height Width

Female C, RT/SIR/553 0.39 0.18  0.15
Male C, RT/SIR/554 0.41 0.19 0.14
Male RV, RT/SIR/557 0.42 0.19
Female LV, RT/SIR/558 0.39 0.19
Female RV, RT/SIR 559 0.38 0.19
Male RV, RT/SIR/560 0.42 0.19
Female LV, RT/SIR 561 0.39 0.20
Female RV, RT/SIR 563 0.36 0.18
Male LV, RT/SIR 564 0.42 0.19

Distribution.- The species is widely distributed in the Indo-
Pacific, Australasia and also occurs in the Atlantic and
Caribbean. It does not, however, occur at Easter Island or
in the Pitcairn Group (Whatley et al. 2000 & 2004 respec-
tively). See Witte (1993) and Titterton et al. (2001) for ad-
ditional details of distribution. Present study samples: 1,
29, 30, 40-42, 53-58, 60, 61, Guadalcanal.

Remarks.- See Titterton et al. (2001).

Keijia radiata sp. nov.
(Fig. 4, Nos 37, 38; PIl. 2, Figs 9-15)

Derivatio nominis.- L. from the ribs of the surface orna-
ment which seem to radiate from a mid-dorsal position.

Holotype.- Female LV, RT/SIR/577. Plate 2, Fig. 9.

Type locality and horizon.- Honiara Bay, Guadalcanal,
sample 5, 800 feet offshore from the mouth of the River
Matanikau. 3 fathoms. Medium-grained sand. Recent

Material.- 337 valves and carapaces, A-2 to adults.

Diagnosis.- A small species of Keijia possessing a strong
reticulate ornament of which the muri parallel to the an-
terior, dorsal and posterior margins, are strengthened to
form ribs which arch over the subcentral area. A charac-
teristic, lipped, oval depression occurs just behind the
main antero-marginal rib.
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Description.- Small. Thick-shelled. Opaque. Female no-
tably shorter than male. Elongate, subrectangular in lat-
eral view; subelliptical in dorsal view. Anterior margin
obliquely rounded; in RV becoming gently concave an-
terodorsally, extremity mid-height. Posterior margin nar-
rower, truncated; extremity mid-height. Dorsal margin
straight, anterior cardinal angles rounded, posterior angle
almost a right angle. Ventral margin very gently biconvex;
oral concavity more pronounced in RV. Greatest length at
mid-height; greatest height at anterior cardinal angle;
greatest width at posterior third. Slight overlap of LV at an-
terior cardinal angle. Surface strongly reticulocostate with
peripheral preferred alignment parallel to margins. Over-
all laterally, the ribs present the form of a reclined sigma
and appear to radiate from about mid-dorsal, by virtue of
ribs that are parallel to the anterior, dorsal and posterior
margins then arch over the central area. A prominent an-
terior marginal rib extends subparallel to and at some dis-
tance from that margin and then extends along the ventral
margin. Immediately behind the antero-marginal rib, at
about mid-height, there is a small characteristic oval,
ribbed depression. Single width reticulae occupy the inter-
costal areas. Mpc’s few, small, evenly spaced on muri.
Inner lamella moderately wide, broadest anteriorly. Inner
margin subparallel to outer margin with a large, irregular
anterior and a narrow, crescentic posterior vestibulum.
Approximately 10 anterior and 7 posterior mpc’s, simple,
slightly sinuous. Hinge pentadont. RV anterior terminal
element an irregular elongate tooth; median element long
locellate groove widening distally; posterior terminal ele-
ment a small, strong ovate tooth. Four closely spaced ad-
ductor muscle scars in a vertical row, median 2 more
elongate; v-shaped frontal scar, open dorsally.

Dimensions.-
Length Height Width

Holotype female LV, RT/SIR/577 0.39  0.19
Paratype female C, RT/SIR/575  0.41 0.19 0.16
Paratype male C, RT/SIR/576 0.48 0.21 0.19
Paratype male RV, RT/SIR/578 0.45 0.20
Female RV, RT/SIR/580 0.41 0.20
Male LV, RT/SIR/581 0.45 0.20
Male LV, RT/SIR/583 0.47 0.21
Male RV, RT/SIR/584 0.45 0.20
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Distribution.- Samples: 1,2, 5,13, 14, 16, 17, 19, 40-42,
53-56, 58, 60-64, OS6, Guadalcanal and Shortland is-
lands.

Remarks.- The present species is somewhat similar to Pec-
tocythere? broomensis Hartmann, 1978 (Recent eulittoral,
W Australia) but they differ in the detail of the ornament.
In the former the dominant muri are concentric to the an-
terior, dorsal and posterior margins whereas in P?
broomensis they are more concentric to the ventral mar-
gin. Keijia parademissa Warne et al., 2006 (Port Darwin,
Australia) is very similar but differs in the details of the or-
nament and in particular it lacks the ribbed depression an-
teriorly, so characteristic of the present species. Three
specimens collected from Honiara Bay are presumed to
be females as they are smaller than all the other speci-
mens. The specimens from Shortland Island are conspic-
uously larger than those from Honiara Bay.

Keijia brachychthonus sp. nov.
(Fig. 4, Nos 31, 34; Pl. 2, Figs 16-22)

Derivatio nominis.- Gr. Bpayvs - brachys, short, plus
xpovog - cththonos, land, ground = shortland. With refer-
ence to the type locality of this species, Shortland Island.

Holotype.- LV, RT/SIR/566. Plate 2, Fig. 16.

Type locality and horizon.- Shortland Island, sample OS6.
Exact locality unknown but thought to be from the inter-
tidal zone near a coral reef, on the NE coast of the island,
in the vicinity of Rokuai Island. Coarse-grained coral sand.
Recent.

Material.- 23 valves and carapaces, all adults.

Diagnosis.- A small reticulo-costate species of Kejjia in
which the peripheral muri concentric to the margins are
strengthened forming ribs, dominated by a strong, ante-
rior submarginal rib. Two large fossae developed behind
anterior rib, dorsal one extending to just below anterior
cardinal angle. Marginal rib extending across ventrolat-
eral surface and also parallels dorsal margin. Fourth rib
from posterior margin extends ventrally to ventro-lateral
rib.
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Description.- Small. Thick-shelled. Opaque. Sexual dimor-
phism not observed. Elongate, subrectangular in lateral
and dorsal views. Anterior margin broadly rounded, ex-
tremity well below mid-height. Posterior margin narrower,
bluntly rounded, bearing 5 strong, spinose marginal den-
ticles on ventral half, extremity mid-height. Dorsal mar-
gin straight. Ventral margin biconvex with broad, oral
concavity. LV overlaps RV at anterior cardinal angle and
anterior margin. Greatest length well below mid-height;
greatest height through anterior cardinal angle; greatest
width at posterior third. Surface strongly reticulo-costate
with peripheral muri concentric to margins, strengthened
to form ribs, dominated by a strong anterior submarginal
rib that extends across the ventrolateral surface and then
parallels posterior margin. Two large fossae, separated by
a short horizontal rib, developed behind anterior rib; dor-
sal one extending to below anterior cardinal angle. The
fourth rib from the posterior margin extends ventrally to
the ventrolateral rib. The central area is largely covered
with rather chaotic reticulae. Npcs small, simple, moder-
ately numerous, regularly distributed. Inner lamella broad
anteriorly, narrower posteriorly. Inner margin subparallel
to outer margin with a mushroom-shaped anterior vestibu-
lum. Mpc’s few; 6-8 anterior and 5-6 posterior canals. Sel-
vage sub-peripheral with narrow flange around entire
margin. Hinge pentadont; RV anterior terminal element a
short ridge, dentate on dorsal edge; median element a
long, thin, finely crenulate groove; posterior terminal ele-
ment a subquadrate tooth comprising 3 denticles; LV com-
plementary. Four closely adjacent, subovate adductor
muscle scars with a large, almost v-shaped frontal scar.

Dimensions.-
Length  Height Width
Holotype LV, RT/SIR/566 0.48 0.24
Paratype C, RT/SIR/565 0.49 0.24 0.19
Paratype RV, RT/SIR/568 0.48 0.24
Paratype LV, RT/SIR/570 0.48 0.24
RV, RT/SIR/569 0.47 0.25
LV, RT/SIR/571 0.48 0.23
RV, RT/SIR/572 0.49 0.25

Distribution.- Samples: 13, 17, 40, 54-56, 60, OS6,
Guadalcanal and Shortland islands.
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Remarks.- The present species is similar to some of the
variants of Keijia demissa but none of these have the char-
acteristic vertically orientated apophysis of the 4th rib
from the posterior that extends to the ventrolateral rib, al-
though two of the specimens figured by Teeter, 1973, from
the Hawaiian Islands of that species Figs 2e, f (non Figs
2a-d) are most similar. However, the most similar species
is K. parademissa Warne et al,. 2006 (N Australia). This
species is a little smaller than the present one (L=0.40-
0.46) and has a much less chaotic central reticular field.
It also has the two large anterior fossae almost subdivided
by small horizontal riblets that are entirely absent in the
present species and the ventrally directed extension of the
4th from posterior rib is sometimes formed from the 3rd
such rib and is never of the same configuration of the pres-
ent species. There is no doubt, however, that the two
species are closely related. Another similar species is K.
australis Yassini et al., 1993, but the latter species bears
large marginal spines posteriorly and lacks the ribs that
parallel the dorsal margin. K. tjokrosapoetroi Dewi, 1997
is smaller (L = 0.40-0.42) and has ornament that differs
significantly in detail.

Plate 2. 1-8, Keijia demissa (Brady, 1868) 1, Female left valve RT/SIR/558
external lateral view x 102.6, 2, Female right valve RT/SIR/559 external
lateral view x 105.3, 3, Male right valve RT/SIR/560 internal view x 97.6.
4, 8, Female left valve RT/SIR/561 4, internal view x 105.1, 8, detail of
central muscle scar x 449.7. 5, Female carapace RT/SIR/553 dorsal view
X 97.4. 6, Male carapace RT/SIR/554 dorsal view x 97.6. 7, Male right
valve RT/SIR/557 external lateral view x 102.5. 9-15, Keijia radiata sp.
nov. 9, Holotype female left valve RT/SIR/577 external lateral view
x107.7. 10, Paratype male right valve RT/SIR/578 external lateral view x
91.1. 11, Male left valve RT/SIR/581 internal view x 93.3. 12, Paratype
female carapace RT/SIR/575, dorsal view x 100.0. 13, Paratype male
carapace RT/SIR/576, dorsal view x 79.2. 14, 15, Female right valve
RT/SIR/580 14, internal view x 97.6, 15, detail of central muscle scar x
329.7. 16-22, Keijia brachychthonus sp. nov. 16, Holotype left valve
RT/SIR/566 external lateral view x 83.3. 77, Paratype right valve
RT/SIR/568 external lateral view x 95.8. 18, 19, 22, Paratype left valve
RT/SIR/570 18, detail of posterior part of hinge x 359.7, 19, internal view
x 83.3, 22, detail of anterior part of hinge x 359.7. 20, Paratype carapace
RT/SIR/565, dorsal view x 81.6. 21, Right valve RT/SIR/569, internal view
x 85.1. 23-28, Kotoracythere inconspicua (Brady, 1880) 23, Female left
valve RT/SIR/587 external lateral view x 102.7. 24, Male right valve
RT/SIR/586 external view x 105.3. 25, 28, Male left valve RT/SIR/590,
25, detail of central muscle scars x 329.8, 28, internal view x 95.0. 26,
Male carapace RT/SIR/585, dorsal view x 105.3. 27, Female carapace
RT/SIR/592, dorsal view x 90.7. 29-34, Kotoracythere doratus sp. nov.
29, Paratype left valve RT/SIR/596 external view x 100.0. 30-34, Holo-
type carapace RT/SIR/594/595 30, external lateral view of RV x 95.0,
31, internal view of LV x 95.0, 32, dorsal view x 110.0, 33, internal view
of RV x 97.5, 34, detail of central muscle scars of LV x 411.4.
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Plate 2
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Genus Kotoracythere Ishizaki, 1966

Type species.- Cythere inconspicua Brady, 1880.

Kotoracythere inconspicua (Brady, 1880)
(Fig. 4, Nos 32, 33; PI. 2, Figs 23-28)

1880 Cythere inconspicua sp. nov. Brady, p. 70, PI.
13, Fig. Ta-d.

1990 Kotoracythere inconspicua (Brady). Gou, p.
26, Pl. 3, Fig. 37a, b.

1993 Kotoracythere inconspicua (Brady). Jellinek, p.
121, Pl. 7, figs 157-165; PI. 8, Figs 166-170.

1995 Morkhovenia inconspicua (Brady). Zhao, p.
71, Pl. 3, Figs 2a, b.

1995 Morkhovenia inconspicua (Brady). Tabuki &
Nohara, p. 343, PI. 4, Fig. 6.

1996 Kotoracythere inconspicua (Brady). Babinot &
Degaugue-Michalski, p. 361.

2001 Kotoracythere inconspicua (Brady). Titterton,
Whatley & Whittaker, p. 38, Pl 2, Figs 13-19
(g.v. for synonymy).

2006 Kotoracythere inconspicua (Brady). Warne,
Whatley & Blagden, PI. 6, Fig. 6.

Material.- 122 valves and carapaces, A-2 to adult.

Dimensions.-

Length Height Width
Male C, RT/SIR/585 0.38 0.20 0.19
Male RV, RT/SIR/586 0.37 0.19
Female LV, RT/SIR/587 0.37 0.19
Male LV, RT/SIR/ 590 0.40 0.20
Female LV, RT/SIR/591 0.39 0.20
Female C, RT/SIR/592 0.43 0.22 0.24
Male RV, RT/SIR/593 0.40 0.22

Distribution.- Widely distributed in tropical sublittoral envi-
ronments across the Indo-Pacific (except eastern Pacific)
and Australia. Believed by Witte & van Harten (1991) and
Witte (1993) to have been transported by passive dispersal
by ships (like K. demissa, into the Caribbean and Atlantic).
Fossil records Miocene-Pleistocene of Midway Island; Neo-
gene of the Andaman Islands and Quaternary of the
Solomon Islands. Present study samples: 1, 2, 13-17, 32,
40, 57, 58, OS6, Guadalcanal and Shortland islands.
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Remarks.- This species is readily distinguished from Ko-
toracthere doratus sp. nov. of the present study by its less
cribrose reticulation.

Kotoracythere doratus sp. nov.
(Fig. 4, Nos 35, 36; Pl. 2, Figs 29-34)

Derivatio nominis.- doparog doratos, a spear. With refe-
rence to the shape of this species in dorsal view.

Holotype.- RV, RT/SIR/594. Plate 2, Fig. 30.

Type locality and horizon.- Honiara Bay, Guadalcanal,
sample 2, 500 feet offshore, west of Point Cruz, 1.5 fath-
oms. Medium-grained, coral sand. Recent.

Material.- 4 adult valves and one A-1 juvenile from the
Solomon Islands plus 48 valves and carapaces from the
Pulau Seribu, Java Sea in the Watson Collection housed
in the NHM of which the type material bears the cata-
logue numbers KW/PS/717-722.

Diagnosis.- A very small to small, subrectangular species
of Kotoracythere with maximum height at the anterior car-
dinal angle and a gradual convergence to the posterior.
Hastate in dorsal view. Ornament robustly reticulo-
costate. Fossae non cribrose.

Description.- Very small to small. Thick-shelled. Opaque.
Sexual dimorphism not observed. Subrectangular in lat-
eral view; hastate in dorsal view. Anterior margin broadly
rounded; extremity at mid-height. Posterior margin nar-
rower, bluntly rounded to straight posterodorsally, better
rounded posteroventrally extremity at mid-height in RV,
subdorsal in LV. Dorsal margin almost straight, slightly
sloping posteriorly. Anterior cardinal angle obtusely
rounded, posterior cardinal angle almost a right angle.
Ventral margin almost straight, very gentle oral concavity.
Greatest length at mid-height; greatest height through an-
terior cardinal angle; greatest width through postero-ven-
tral inflation. LV slightly larger than RV with small overlap
at dorsal cardinal angle. Valves inflated posterodorsally
and posteroventrally. Eye tubercle inconspicuous. Surface
of valves strongly reticulate; fossae irregular in size and
shape, many coalesce. A coarse complex of fossae occurs
ventro-laterally, mostly posterior of mid-length. A strong,
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anterior submarginal rib extends from the ocular region
subparallel to the anterior margin and then extends
around the ventral, posterior and dorsal margins back to
the eye tubercle. Behind this rib anteriorly there are two
scalloped areas bisected by a short horizontal rib at mid-
height. A similar scalloped area, crossed by a number of
thin horizontal ribs occurs dorsally. Posterolaterally, three
short ribs are developed by the strengthening of the hori-
zontal component of the muri. Npcs few, small, evenly
distributed. Inner lamella broad, particularly anteriorly;
LOC and inner margin coincident except for very small
mid-anterior vestibulum; MPC’s few, complex, branching;
anteriorly a broad canal branches into 7-8 canals distally;
4 long, sinuous anterior canals and 7-8 long, sinuous pos-
terior canals which may merge proximally to form the nar-
row vestibulum. Hinge pentadont, RV anterior terminal
element a subovate tooth, median element a long locel-
late groove, posterior terminal element a strong ovate
tooth; LV complementary but with a small ovate tooth
below posterior distal end of median element accommo-
dated by a shallow socket in RV. A vertical row of 4 closely
spaced, subovate adductor scars; v-shaped frontal scar
with anterior arm reduced.

Dimensions.-

Length  Height
Holotype C, RT/SIR/594/595 0.40 0.20
Paratype LV, RT/SIR/596 0.41 0.20
Paratype RV, RT/SIR/597 0.40 0.19
Paratype A-1 LV, RT/SIR/598 0.35 0.19

Distribution.- Samples: 5, Pulau Pari; K9, K29, K39, K43,
K47, K58, K62; Pulau Kotok Kecil; PT2, PT5, PT12, PT15,
PT27, PSM47, Pulau Petundang Kecil; R2, R16, R17,
Pulau Ringit, Java Sea (Watson, 1988 MS). Present study
samples: 2, 17, 57, Guadalcanal.

Remarks.- The material from the Java Sea is rather smaller
than the type material, being always no longer than 0.40
mm. It is also somewhat less strongly ornate and the scal-
loped anterior depressions are less strongly developed.
This species differs from K. inconspicua in shape and or-
nament, especially in its lack of cribrose fossae. Kotora-
cythere cuneola (Brady, 1890) differs in shape and in its
cribrose fossae.
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Genus Hypocritecythere gen. nov.

Type species.- Hypocritecythere polymorphica gen. et sp.
nov.

Derivatio nominis.- Gr. vokpttns - hypocrites, an actor,
dissembler plus kv@epe - kythere = Hypocritecythere.
With reference to the fact that this species, although a
member of the Pectocythereidae, externally mimics a
number of genera of the Trachyleberididae.

Diagnosis.- A subrectangular genus, of the Pectocytheri-
dae, heavily calcified with a robust reticulo-costate orna-
Distinct
subcentral tubercle and anterior ocular rib; eye tubercle

ment with various nodes and tubercles.
small, glassy. Sieve-type normal pore canals. Inner lamella
well developed, avestibulate. Marginal pore canals closely
spaced, particularly anteriorly, moderately numerous,
slightly inflated medianly. Hinge pentadont. RV with an-
terior terminal boss; median locellate groove which ex-
pands distally and posterior terminal boss. Four adductor
scars with a large v-shaped frontal scar.

Distribution.- Miocene? to Recent, Caribbean? and
Solomon Islands.

Remarks.- Externally this genus superficially resembles a
number of trachyleberid genera such as Puriana Coryell
and Fields, 1953 and hemicytherid genera such as Uro-
cythereis Ruggieri, 1950. Puriana? congesticostata Bold,
1963 (Upper Miocene, Trinidad) possibly belongs in this
genus. The present genus differs from Munseyella Bold,
1957 in being much less acuminate posteriorly and less
expansively rounded anteriorly, while being less flared an-
teriorly.

Hypocritecythere polymorphica gen. et sp. nov.
(Fig. 4, Nos 26, 27; PI. 5, Figs 1-9)

Derivatio nominis.- Gr. mohvg polys, many plus uwopge
morphe, form, many forms. With reference to the variable
morphology demonstrated by individual members of this
species.

Holotype.- LV, RT/SIR/679. Plate 5, Fig. 1.
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Type locality and horizon.- Honiara Bay, Guadalcanal,
sample 2, 500 feet offshore, west of Point Cruz, 1.5 fath-
oms. Medium-grained, coral sand. Recent.

Material.- 53 valves and carapaces, adult to A-3 juv.

Diagnosis.- A medium to large species of Hypocrite-
cythere, elongate subrectangular in lateral and dorsal
views. Characterised by a reticulate ornament of irregular
reticulation and secondary riblets on crests of primary
muri; subcentral tubercle and posteriorly 3 tubercles in an
oblique row from posterior cardinal angle to ventral mar-
gin which vary in their development. Deep sulcus imme-
diately behind and parallel to broad anterior, submarginal
ocular ridge.

Description.- Medium to large. Very thick-shelled. Elon-
gate subrectangular in lateral and dorsal views. Anterior
margin broadly rounded with strong marginal frill antero-
ventrally: extremity below mid-height. Posterior margin
narrower strongly caudate posterodorsal slope slightly
concave; posteroventral slope straight, oblique, bearing 5
short, strong marginal denticles: extremity at mid-height in
male, just above mid-height in female. Dorsal margin
straight: anterior cardinal angle obtuse, posterior angle a
prominent, rounded right angle. Ventral margin broadly
through anterior cardinal angle; greatest width median,
LV > RV with overlap at cardinal angles and along
posterodorsal margin. Valves with subcentral tubercle and
inflated posteriorly into 3 tubercles in an oblique row from
posterior cardinal angle to ventral margin. Tubercles less
well developed in ?male LV; in ?male RV joined by a ridge.
?Male RV with a deep concavity posteroventrally. Deep
sulcus immediately behind and concentric to strong,
broad anterior submarginal ocular ridge. Eye-tubercle
conspicuous, small glassy. Surface of valves strongly retic-
ulate, muri broad, fossae irregular, restricted but deep.
Fine secondary reticulation on muri with secondary ribs
on crests of primary muri. Npcs large, sieve-type moder-
ately numerous, evenly distributed. Inner lamella well de-
veloped LOC and inner margin coincident and subparallel
to OM. MPCs moderately numerous; approximately 30
anterior and 25 posterior canals, straight, slightly inflated
medianly, closely spaced, particularly anteriorly. Selvage
very strongly developed except at posterior extremity, sub-
peripheral and subparallel to OM, well developed flange.
Hinge pentadont: RV anterior terminal element a strong
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boss; median element a long locellate groove which ex-
pands distally; posterior terminal element a strong boss,
LV complementary. Both valves with a strong ridge below
anterior half of hinge reflected externally by a deep retic-
ulum. Central muscle scars sited in subcentral depression,
comprises 4 adductors, dorsal scar ovate, ventral scars
more elongate, large v-shaped frontal scar open dorsally.

Dimensions.-
Length Height Width

Holotype LV, RT/SIR/679 0.76 0.39
Paratype C, RT/SIR/678 0.77 0.36 0.35
Paratype LV, RT/SIR/680 0.68 034 0.34
Paratype RV, RT/SIR/681 0.74 0.38
Paratype RV, RT/SIR/682 0.76 0.37
Paratype RV, RT/SIR/688 0.65 0.34
RV, RT/SIR/683 0.72 0.38
LV, RT/SIR/685 0.70 0.37
LV, RT/SIR/686 0.70 0.35
RV, RT/SIR/687 0.68 0.33

Distribution.- Offshore Quaternary marine deposits from
Guadalcanal (Williams, 1980 MS). Miocene, Nendg,
Guadalcanal (Hughes, 1977 MS). Present study samples 1,
2,5,13-17, 19, 29, 30, 40-42, 53, 55, 58, 61, 62, OS5,
Guadalcanal and Shortland islands.

Remarks.- The present species is more strongly tubercu-
late externally than Puriana congestocostata Bold, 1965
(Miocene, Trinidad). The reticulate ornament and three
posterior tubercles distinguish the present species from
Puriana pacifica Benson, 1959 (Recent, NW America).

Although two distinct size groups can be distinguished
which may reflect sexual dimorphism, morphology varies
within these groups. These variants are outlined below.

1. Large RV distinguishable by a conspicuous posterior rib
extending almost vertically from just behind the posterior
cardinal angle to the ventral margin. From this rib, a sec-
ond rib branches obliquely at mid-height to the pos-
teroventral margin. There is a marked concavity of the
valve ventrally, just posterior to mid-length. Similar LV are
also present, but this ventral concavity is less strongly de-
veloped.

2. Large RV and RV with ventral concavity absent but, al-
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Figure 5. Internal lateral views. 71-3, Alatahermanites hastatus Whatley and Titterton, 1981 1, Left valve RT/SIR/870 x 52.9. 2, Left valve RT/SIR/871 x
53.0. 3, Right valve RT/SIR/872 x 53.7. 4, Alatahermanites infundibulata (Brady, 1890) right valve OS 11765 x 54.7. 5-6, Neocaudites pacifica Allison
and Holden, 1971 listrotus sub sp. nov. 5, Paratype left valve RT/SIR/332 x 70.8. 6, Paratype right valve RT/SIR/331 x 68.0. 7, Cletocythereis rastromar-
ginata (Brady, 1880) female right valve RT/SIR/626 x 58.3. 8-9, Ponticocythereis manis Whatley & Titterton, 1981 8, Female left valve RT/SIR/882 x 48.6.
9, Male right valve RT/SIR/883 x 73.5. 10-11, Ponticocythereis pollostus sp. nov. 10, Female left valve RT/SIR/880 x 63.6. 71, Male right valve RT/SIR/881
X 69.4. 12-13, Ponticocythereis spinosa Whatley & Titterton, 1981.72, Holotype left valve OS 11750 x 47.9. 13, Paratype right valve OS 11749 x 52.2.
14-15, Ruggeria caryonautes sp. nov. 14, Female left valve RT/SIR/664 x 61.4. 15, Male right valve RT/SIR/668 x 64.8. 16-17, Arculacythere poly-
trematus sp. nov. 16, Female left valve RT/SIR/674 x 41.7. 17, Male right valve RT/SIR/673 x 41.5. 18-19, Neomonoceratina entomon (Brady, 1890)
18, Left valve RT/SIR/602 x 76.7. 19, Right valve RT/SIR/601 x 79.1. 20-21, Alocopocythere reticulata fultura subsp. nov. 20, Left valve RT/SIR/619 x
56.3. 21, Right valve RT/SIR/620 x 56.1. 22, Neomonoceratina koenigswaldi Keij, 1954 right valve RT/SIR/603 x 65.5. 23, Australimoosella polypleu-
ron sp. nov. paratype left valve RT/SIR/204 x 61.4. 24, Australimoosella sp. left valve RT/SIR/413 x 51.5. 25, Alocopocythere reticulata perfecta subsp.
nov. female right valve RT/SIR/614 x 55.6.
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most at the same position, a strong tubercle is developed.
The posterior rib is only developed in the dorsal half of its
length, terminating just posterior to a well developed tu-
bercle at mid-height.

3. Small RV and LV, similar in ornament to the second
variant but the reticulate ornament is becoming obscured
by heavier decalcification. Two carapaces were found in
the material, both with similar RV in which the posterior
rib and the posteroventral concavity were well developed.
However, the LV differed; consequently, the variation seen
in the larger valves can not be explained by sexual dimor-
phism. Nevertheless, it is believed that all the different
morphological forms belong to a single species.

Family TRACHYLEBERIDIDAE Sylvester-Bradley, 1948
Subfamily TRACHYLEBERIDINAE Sylvester-Bradley,
1948

Genus Alatahermanites Whatley and Titterton, 1981

Type species.- Alatahermanites hastatus Whatley and Tit-
terton, 1981.

Alatahermanites hastatus Whatley and Titterton, 1981
(Fig. 5, Nos 1-3; PI. 3, Figs 1, 3, 4, 8)

1981 Alatahermanites hastatus Whatley and
Titterton, p.164, Pl. 2, Figs 13-20.

1993 Alatahermanites beckeri Jellinek, p.128,
PI. 10, Figs 215-217.

Material.- 16 valves and carapaces, A-2 to adult.

Dimensions.-

Length  Height Width
Holotype LV, OS 11762 0.68 0.34
Paratype C, OS 11763 0.70 0.33  0.50
Paratype RV, OS 11764 0.67 0.33
LV, RT/SIR/870 0.68 0.34
LV, RT/SIR/871 0.69 0.34
RV, RT/SIR/872 0.67 0.33
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Distribution.-} ellinek (1993) encountered the species in
reef environments along the coast of Kenya. Present study
samples: 15, 29, 57, Guadalcanal.

Remarks.- This enigmatic blind trachyleberidid is dis-
cussed by Whatley & Titterton (1981: 64). The material de-
scribed by Jellinek is so similar to the present species that
we have no hesitation in considering it to be conspecific.

Alatahermanites infundibulata (Brady, 1890)
(Fig. 5, No. 4; PI. 3, Fig. 7)

1890 Cythere infundibulata Brady, p. 502, PI. 2,
Figs 15, 16.

1981 Alatahermanites sp. Whatley & Titterton,
p.165, Pl. 2, Figs 21, 22.

Material.- Adult RV.

Dimensions.-
Length Height

RV, OS 11765 0.64 0.32

Distribution.- Brady encountered the species from Fiji.
Present study sample: 15, Guadalcanal.

Remarks.- McKenzie (1986: 101) shows Alatahermanites
sp. of Whatley & Titterton to be the same as Brady’sspecies
Cythere infundibulata and illustrates the lectotype, a RV
(Hancock Museum, Reg. No. B451; pl. 2, fig. 9) and
Jellinek (1993: 129) also points this out.

Genus Cletocythereis Swain, 1963
Type species.- Cythere rastromarginata Brady, 1880.

Cletocythereis rastromarginata (Brady, 1880)
(Fig. 5, No. 7; PI. 3, Figs 2, 5, 6, 9)

1880 Cythere rastromarginata sp. nov. Brady (pars),
p.82, Pl. 16, Fig. 2a-d (non Fig. 1a-d).

2001 Cletocythereis rastromarginata (Brady).
Titterton et al., p. 39, PI. 3, Figs 5-9 (q.v.
for synonymy).
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Material - 2 AC, 3 ARV and 1 A-1.

Dimensions.-
Length Height Width

Female C, RT/SIR/621 0.65 0.32 0.28
Female RV, RT/SIR/622 0.65 0.31
Female RV, RT/SIR/623 0.61 0.32
Female C, RT/SIR/624 0.65 0.32 0.28
A-1 LV, RT/SIR/625 0.55 0.31
Female RV, RT/SIR/626 0.60 0.32

This material is rather smaller than type material in the
Natural History Museum, in which a female paralectotype
(BMNH no. 1988.383) is 0.68 mm long. The male lecto-
type is 0.77 mm long (see Titterton et al., 2001).

Distribution.- The species occurs in the Recent of the
Hawaiian Islands in sediments dredged off reefs at 40 fath-
oms (Brady, 1880). It has been recorded at 40 fathoms in
the Bass Straits and the eulittoral of the coast of southeast
Australia, from the Pleistocene of Midway Island and Sub-
recent? of the Hawaiian Islands (Holden, 1967). Present
study samples: 29, OS5, OS6, Guadalcanal and Shortland
islands.

Remarks.- Brady’s (1880) type material is illustrated by Tit-
terton et al., 2001 and a full discussion of the synonymy
is given and a discussion about the confusion between the
two species illustrated by Brady in 1880; Cythere rastro-
marginata and C. bradyi. In summary here, Cythere ras-
tromarginata is alate and C. bradyi is not, although it is
very similar in size, shape and ornament.

Genus Neocaudites Puri, 1960

Type species.- Neocaudites neviani Puri, 1960.

Neocaudites pacifica Allison and Holden, 1971 listrotus
sub sp. nov.
(Fig. 5, Nos 5, 6; PI. 3, Figs 17-21)

Derivatio nominis.- Gr. Alotpotog - listrotos, listrotos, lev-
elled, smoothed. With reference to the extent to which
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celation has smoothed the surface ornament of this sub-
species smoothed relative to the nominative subspecies,
N. pacifica pacifica Allison & Holden, 1971.

Holotype.- Carapace RT/SIR/329. Plate 3, Fig. 17.

Type locality and horizon.- Shortland Island, sample OS6.
Exact locality unknown but thought to be from the inter-
tidal zone near a coral reef, on the NE coast of the island,
in the vicinity of Rokuai Island. Coarse-grained coral sand.
Recent.

Material.- 2 valves and 13 carapaces, all adults.

Diagnosis.- A subspecies of Neocaudites pacifica in which
celation of the ornament has virtually rendered the lateral
surface smooth due to the infilling of the fossae.

Description.- Small to medium. Subrectangular in lateral
view; subelliptical in dorsal view valves inflated just ven-
tral to posterior cardinal angle. Anterior margin broadly
rounded, with strong denticles extending ventrally; apex
at mid-height. Posterior margin subcaudate, with three
strong spines postero-ventrally and apex below mid-
height. Dorsal margin straight with slight overreach by
dorsal rib medianly and sloping posteriorly. Ventral mar-
gin with wide, shallow oral concavity. A wide, shallow
vertical sulcus occurs just posterior to small glassy eye tu-
bercle. Surface of valves ornamented by ribs, intercostal
areas virtually smooth. A broad anterior, occular rib ex-
tends from the eye tubercle, continuing around the ventral
and posterior margins. Three less well developed ribs ra-
diate from the conspicuous posterodorsal swelling, one
subparallel to the dorsal margin to the sulcus; another
obliquely and anteriorly to the subcentral tubercle and the
third towards the posterior extremity, just failing to con-
nect to the peripheral rib. Npc’s few, irregularly distrib-
uted, usually in lines parallel to ribs, many as large pore
conuli. Inner lamella wide with narrow, crescentic ante-
rior vestibulum. Approximately 34 anterior and 24 poste-
rior rpc’s, majority bifurcating distally. Hinge
holamphidont, robust and with smooth posteromedian el-
ement. Central muscle scars comprise 4 adductor scars,
with dorsal scar indistinct, ovate and separate from other
3 scars, ventral scar almost subdivided; almost dumb-bell

shaped frontal scar.
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Dimensions.-
Length Height Width

Holotype C, RT/SIR/329 0.47 026 0.18
Paratype C, RT/SIR/328 0.50 0.26 0.18
Paratype C, RT/SIR/330 0.48 0.24 0.18
Paratype RV, RT/SIR/331 0.50 0.25
Paratype LV, RT/SIR/332 0.48 0.26

Distribution.- Samples: 2, OS6 Guadalcanal and Shortland
islands.

Remarks.- The subspecies differs from Neocaudites paci-
fica pacifica Allison and Holden, 1971 (Recent, Clipper-
ton Island) in that in the latter the intercostal areas are
ornamented by more numerous pits. Watson (1988 MS)
describes another subspecies from the Java Sea that dif-
fers in that the celation process is incomplete and fossae
of the ornament are only partly infilled. The present mate-
rial possess large pore conuli that are absent in N. terryi
Holden, 1967 (Neogene, Hawaii) and there is no short rib,
just posterior to the anterior ocular rib as in N. terryi, al-
though there is a small antero-ventral tubercle in the same
area.

Genus Ponticocythereis McKenzie, 1967

Type species.- Cythere militaris Brady, 1866.

Ponticocythereis manis Whatley & Titterton, 1981
(Fig. 5, Nos 8, 9; PI. 4, Figs 9-18)

1981 Ponticocythereis manis Whatley & Titterton,
p.162, PI.2, Figs.1-12.

1981 Actinocythereis verrucifera Hartmann, p. 104,
Pl. 4.

1986 Ponticocythereis manis Whatley & Titterton.
Cabioch et al., p. 26, PI. 9, Figs 1-4.

1996 Ponticocythereis manis Whatley & Titterton.
Warne & Whatley, p.167, Figs 1A, B, PI. 1,
Figs 1-5, 6a,b, 8a, b.

Material.- 121 valves and carapaces, A-3 to adult.
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Dimensions.-
Length Height Width

Holotype female LV, OS 11753  0.72  0.42 0.21
Paratype female C, OS 11754

(open) 0.78 0.45 0.23
Paratype male C, OS 11755

(open) 0.81 0.43 0.21
Paratype female RV, OS 11756  0.72  0.42 0.18
Paratype male LV, OS 11757 0.80 0.43 0.20
Female LV, RT/SIR/882 0.74 0.43
Male RV, RT/SIR/883 0.74  0.38
Mean Dimensions.-

Length Height Width

7 Female C  0.74(0.70-0.76) ~ 0.43(0.41-0.45) 0.41(0.39-0.42)
4 Male LV 0.79(0.78-0.80)  0.43(0.42-0.43)
16 A-1LV 0.58(0.56-0.62)  0.35(0.32-0.36)
13 A2 0.46(0.44-0.47)  0.27(0.26-0.28)
5A-3 0.37(0.36-0.37)  0.22(0.21-0.24)

Distribution.- Hartmann (1981) found only females living
on coral reefs and dead valves from coral sands, Heron
Island, NW Australia. Present study sample: OS6 Short-
land Island.

Remarks.- Hartmann (1981) placed the present species in
Actinocythereis. The present authors note that juvenile

Plate 3. 1, 3, 4, 8, Alatahermanites hastatus Whatley and Titterton, 1981.
1, Holotype left valve OS 11762 external lateral view x 60.3. 3, 8,
Paratype right valve OS 11764 3, internal view x 59.7, 8, detail of cen-
tral muscle scars x 408.6. 4, Paratype carapace OS 11763 external lat-
eral view of RV x 64.6. 7, Alatahermanites infundibulata (Brady, 1890)
right valve OS 11765 external lateral view x 58.6. 2, 5, 6, 9, Cleto-
cythereis rastromarginata (Brady, 1880) 2, Female carapace RT/SIR/624
external lateral view of left valve x 61.5. 5, female right valve RT/SIR/622
external lateral view x 64.6. 6, Female carapace RT/SIR/621 dorsal view
x 88.0. 9, Female right valve RT/SIR/623 internal view x 68.9. 70-16,
Ruggeria caryonautes sp. nov. 10, Holotype female left valve RT/SIR/661
external view x 62.3. 71, Male right valve RT/SIR/662 external view x
66.7. 12, 16, Female left valve RT/SIR/664 12, internal view x 73.7, 16,
detail of central muscle scars x 401.1. 13, Paratype female carapace
RT/SIR/658 dorsal view x 67.2. 14, Paratype male carapace RT/SIR/659
dorsal view x 71.9. 15, Paratype male right valve RT/SIR/665 internal
view x 79.2. 17-21, Neocaudites pacifica Allison and Holden, 1971
listrotus sub sp. nov. 17, Holotype carapace RT/SIR/329 external lateral
view of LV x 89.4. 18, Paratype carapace RT/SIR/330 external lateral
view of RV x 83.3 19, 21, Paratype left valve RT/SIR/332 19, internal
view x 83.3, 21, detail of central muscle scar x 411.6, 20, Paratype cara-
pace RT/SIR/328, dorsal view x 86.0. 22, 23, 25, 26, Neomonoceratina
entomon (Brady, 1890) 22, Left valve RT/SIR/599 external view x 93.3.
23, Right valve RT/SIR/600 external view x 95.5. 25, 26, Left valve
RT/SIR/602 25, internal view x 95.3, 26, detail of central muscle scars x
362.7. 24, 27, Neomonoceratina koenigswaldi Keij, 1954 right valve
RT/SIR/603 24, external view x 38.0. 27, internal view x 38.0.
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Plate 3
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valves clearly show the species to be Ponticocythereis. For
a full description and discussion the reader is referred to
Whatley & Titterton, 1981, p.162. The males of the pres-
ent species are relatively more elongate and slimmer than
the females.

Ponticocythereis spinosa Whatley & Titterton, 1981
(Fig. 5, Nos 12, 13; PI. 4, Figs 19-21)

1890 Cythere militaris. Brady, p. 504; Pl. 2, Figs

24-26.
21965 Trachyleberis militaris (Brady). McKenzie,

p. 448.

1981 Ponticocythereis spinosa Whatley & Titterton,
p.161, PI. 1, Figs 14-21.

1981 Actinocythereis lainensis Wouters, p. 6, Pl. 2,
Figs 1-44, P1. 3, Figs 2a-f.

Material.- 2 adult and 2 juv. valves.

Dimensions.-

Length Height Width
0.73 0.41  0.20
0.69 0.36  0.22

Holotype LV, OS 11750
Paratype RV, OS 11749

Distribution.- The species has been previously recorded
from the Recent of Australia (Brady, 1890 and McKenzie,
1965) from shallow water environments. Wouters (1981)
described it from the Recent of Hansa Bay, Papua New
Guinea. Present study samples: 17, 30, 32, Guadalcanal.

Remarks.- The authors disagree with McKenzie’s (1986:
101) suggestion that this is a junior synonym of P. quadris-
erialis (Brady, 1890). Although the two species have very
similar ornament, and we are aware of Brady’s note (1890:
504) “A very distinct and remarkable species, no two
specimens of which are exactly alike”, the size difference
is too great for them to be the same. The present adult ma-
terial is 0.69-0.73mm long, while Brady (1890) records
0.85 mm and McKenzie (1986) 0.80 mm.

Ponticocythereis pollostus sp. nov.
(Fig. 5, Nos 10, 11; Pl. 4, Figs 1-8)

1981 Ponticocythereis icthyoderma (Brady).
Whatley & Titterton, p. 160, PI. 1, Figs 1-13.
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non 1890 Cythere icthyoderma Brady, p. 503, PI. 2,
Figs 22, 23.

Derivatio nominis.- Gr. moAAoorog - pollostos, the small-
est, least. With reference to the fact that this is the small-
est known species of the genus.

Holotype.- Female LV, OS 10910. Plate 4, Fig. 1.

Type locality and horizon.- Honiara Bay, Guadalcanal,
sample 2, 500 feet offshore, west of Point Cruz, 1.5 fath-
oms. Medium-grained, coral sand. Recent.

Material.- 72 valves and carapaces, A-3 to adult.

Diagnosis.- A small to medium (but small for the genus)
species of Ponticocythereis with ornament of tuberculate
to spinose ribs with minutely punctate intercostal areas on
which occur large pore conuli.

Description.- Subrectangular in lateral view, subelliptical
in dorsal view. Sexually dimorphic with male shorter, pro-
portionally more elongate and more laterally compressed
than female. Anterior margin broadly rounded with well
developed frill of marginal denticles. These are spatulate
and anterodorsally in contact distally, becoming down-
turned, discrete and more pointed below the extremity at
mid-height. Posterior margin sub-caudate, more pointed
in male and with 6-8 spinose denticles; extremity above
mid-height. Dorsal margin straight, interrupted by spines
of dorsal rib. Ventral margin slightly biconvex; not over-
hung by valve tumidity. Greatest length just above mid-
height; greatest height at anterior cardinal angle; greatest
width through the sub-central tubercle. Eye tubercle large
glassy, hemispherical. Ornament of tuberculate to spinose
ribs with minutely punctate intercostal areas on which
occur large pore conuli. From the eye tubercle, a spinose
rib whose spines are directed dorsally, extend parallel to
the anterior margin: anteroventrally the spines become
subovate tubercles: the rib extends along the ventro-lat-
eral border, gradually diverging from the ventral margin
to its termination at about 1/3 the distance from the pos-
terior extremity. An elevated rib bearing dorsally 6 large
posteriorly directed spines extends from the dorsal margin
around the posterior and ventral margins to its anteroven-
tral termination. Along the latter margin, it bears strong
subovate to spatulate tubercles. A median rib bearing sim-
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ilar tubercles extends diagonally across the valve surface,
passing over the sub-central tubercle. Intercostal areas are
minutely punctate as are most of the tubercles and spines.
Some minute papillae occur around the bases of some
spines. Npc’s few, large, mostly exiting on conuli and ap-
parently open. Inner lamella strongly developed but rather
narrow. Avestibulate, inner margin and outer margin par-
allel. Rpc’s, fairly numerous, straight to slightly sinuous
and tending to be paired. On the inner lamella of the RV,
just above the posterior extremity, is a distinct striated,
shallow oval pit, rather reminiscent of a similar structure
in some Tertiary species of Argentinicytheretta Rose from
Patagonia. Hinge holamphidont, robustly developed. In
the LV, a small tooth is developed anterior to anterior ter-
minal socket (rather reminiscent of Abysocythere Benson,
1959 and Alatahermanites hastatus (Whatley & Titterton,
1981) and the posteromedian denticulate bar is expanded
and elevated posteriorly. A shelf-like anti-slip structure oc-
curs below the antero-median hinge element in each
valve. Muscle scars as for genus.

Dimensions.-
Length Height Width

Holotype female LV, OS 10910 0.48  0.35
Paratype male C, OS 10911 049 028 0.23
Paratype female C, OS 10912 0.55 0.32  0.29
Paratype female RV, OS 10913  0.57  0.32
Paratype male LV, OS 10914 0.49 0.24
Paratype male RV, OS 10915 0.48 0.26
Female LV, RT/SIR/880 0.55 0.32
Male RV, RT/SIR/881 049 0.26
Mean Dimensions.-
Length Height Width
9 Female C 0.55(0.52-0.57) 0.31(0.29-0.33) 0.28(0.26-0.29)
9 Male C 0.49(0.46-0.52) 0.26(0.25-0.28) 0.23(0.22-0.25)
10A-1 LV 0.44(0.40-0.47) 0.26(0.23-0.28)
3A-2 0.37(0.36-0.38) 0.22(0.21-0.22)
1A3 0.30 0.19

The longest specimen recorded by Williams (1980 MS)
from the Quaternary of the Solomon Islands is 0.59 mm.

Distribution.- The species occurs in Quaternary sediments
from offshore Guadalcanal (Williams, 1980 MS). Present
study samples: 1, 2, 5, 13, 14, 16, 32, 40-42, 54, 55, 58,
61, 62, Guadalcanal.
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Remarks.- Ponticocythereis icthyoderma (Brady) differs
from the present species in being substantially larger
(L=0.70 Brady, 1890; the lectotype illustrated by McKen-
zie, 1986, p. 99, pl. 2, fig. 14 is calculated to be 0.72 mm
long) and in the former species the intercostal areas are at
least partly micropapillate rather than mainly micropunc-
tate; apart from this, the ornament of the two species is
very similar. Despite this similarity, the discrepancy in size
is too great, exceeding 20% length for them to represent
the same contemporary species (see Whatley, 1983, 1985,
Whatley et al., 1983). Ponticocythereis pollostos differs
from P. militaris (Brady, 1890) mainly in size and in the tu-
berculation of the dorsal rib. In the present species (and in
P. icthyoderma) these tubercles are squamose, while in the
former species they are spinose and strongly backward di-
rected. Ponticocythereis pollostos sp. nov. seems to be the
smallest known species of the genus. An approximate
length for the other known species is given below:

— P. labiata (Brady, 1890) Brady gives 0.70mm; calculated
from McKenzie’s (1986) lectotype L= 0.72mm;

— P icthyoderma (Brady, 1890) Brady gives 0.77mm; cal-
culated from McKenzie’s (1986) lectotype L= 0.79mm;

— P. quadriserialis (Brady, 1890) Brady gives 0.85 mm; cal-
culated from McKenzie’s (1986) lectotype L= 0.80mm;

— P. militaris (Brady, 1890) Brady gives 0.77-0.79mm; P.
costata (Hartmann, 1978) from Hartmann, female
L=0.63-0.69mm; male L=0.67-0.76mm; from Howe &
McKenzie (1989: 41) L= 0.63-0.67mm; P. cristata
(Brady, 1880) calculated from Warne’s (2001) illustra-
tion of the lectotype, carapace BM 80.38.121, L=
0.78mm.

Subfamily ARCULACYTHEREINAE Hartmann, 1981
Genus Arculacythereis Hartmann, 1981

Type species.- Arculacythereis vacciformis Hartmann,
1981.

Remarks.- Hartmann (1981) noted that Labutis (1977 MS)
had named, illustrated and described this family from the
Great Barrier Reef, Eastern Australia but that this remained
unpublished. Hartmann placed the new subfamily in the
Trachyleberididae because of its weak but clearly hemi-
amphidont hinge. Arculacythereis shows some affinities
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with Moosella Hartmann, 1964 and Angolocythereis Hart-
mann, 1974 but differs in being blind.

Arculacythereis polytrematus sp. nov.
(Fig. 5, Nos 16, 17; PI. 4, Figs 22-28)

Derivatio nominis.- Gr. ;oAvg - many, plus tpnuarog poly-
trematos, perforated, many holes. With reference to the
secondary ornament of numerous, small but obvious cir-
cular puncta within the fossae of the primary reticulum.

Holotype.- Male LV, RT/SIR/675. Plate 4, Fig. 22.

Type locality and horizon.-Shortland Island, sample OS5,
from coral reefs to the east of Rokuai Island, off the NE
coast of the island. Recent.

Material.- Twenty-six valves and carapaces, A-2 to adult.

Diagnosis.- A strongly dimorphic species of Arculacythere,
elongate subrectangular, in lateral view. Characterised by
an ornament of polygonal reticulate with rather narrow
muri over entire surface, secondary punctation within pri-
mary fossae and a third order ornament of fine puncta
aligned along some primary muri, especially dorsally.

Description.- Large. Thick-shelled. Opaque. Sexually di-
morphic; female larger, more inflated posteriorly and an-
teriorly thus appearing more constricted medianly than
male. Elongate subrectangular in lateral view: sub-ellipti-
cal in dorsal view. Anterior margin broadly rounded bear-
ing a frill of small marginal denticles; extremity at
mid-height. Posterior margin slightly narrower, bluntly
rounded with frill-like marginal denticles; extremity at
mid-height. Dorsal margin straight; cardinal angles ob-
tusely rounded, anterior angle the more prominent. Ven-
tral margin gently biconcave with broad oral concavity.
Greatest length at mid-height; greatest height just anterior
to anterior cardinal angle; greatest width in posterior third.
Valves subequal. Eye-tubercle absent. Small, poorly de-
veloped subcentral tubercle. Surface of valves strongly
reticulate, muri rather narrow, fossae polygonal, irregu-
larly distributed over entire surface. Numerous secondary
puncta within primary fossae and a third order ornament
of fine puncta aligned along some primary muri, espe-
cially dorsally. Inner lamella wide, avestibulate, LOC sin-
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uous, differing between sexes: in male subparallel to outer
margin anteriorly and posteriorly and sinuous ventrally,
fused area narrowest orally; in female directed towards
selvage anterodorsally where the fused area is at its nar-
rowest, sinuous ventrally, curvature posteroventrally more
strongly developed than in male, subparallel to outer mar-
gin posteriorly. Rpc’s moderately numerous; 30-33 ante-
rior canals in male; approximately 24 in female;
approximately 14 posterior canals in both sexes, slightly
sinuous, some paired, inflated distally. Hinge weakly de-
veloped, hemiamphidont; RV anterior terminal element a
strong, elongate tooth; median element a long, smooth
groove; posterior terminal element a strong, quadrate,
quadrilobate bar; LV hinge complementary with dorsal ac-
commodation groove. Both valves with strong platform
for muscle attachment below and separate from anterior
half of hinge. Central muscle scars comprise 4 small, sub-
ovate adductor scars; dorsomedian scar more elongate,
on posterior rim of subcentral depression and small v-
shaped frontal scar open dorsally on anterior rim.

Plate 4. 1-8, Ponticocythereis pollostus sp. nov. 1, Holotype female left
valve OS 10910 external lateral view x 83.3. 2, Paratype male right valve
0S10915 external lateral view x 83.3 3, 4, Paratype male left valve OS
10914 3, detail of central muscle scars x 256.0, 4, internal view x 73.3.
5, Paratype male carapace OS 10911 dorsal view x 81.6. 6, Paratype fe-
male carapace OS 10912, dorsal view x 70.9. 7, 8, Paratype female right
valve OS 10913 7, internal view x 81.6, 8, detail of central muscle scars
x 256.0. 9-18, Ponticocythereis manis Whatley & Titterton, 1981. 9,
Paratype male left valve OS 11757, external view x 61.8. 10, Holotype
female left valve OS 11753, external view x 55.6. 11, Paratype female
right valve OS 11756, external view x 55.6. 12, 15, 16, 17, Paratype fe-
male carapace OS 11754 12, internal view of LV x 52.6, 15, internal
view of RV x 55.1, 76, detail of central muscle scars of RV x 250.0, 17,
detail of central muscle scars of LV x 251.0. 13, 14, 18, Paratype male
carapace OS 11755 13, internal view of LV x 50. 6, 74, internal view
of RV x 51.9, 18, detail of central muscle scars of right valve x 250.0. 19-
21, Ponticocythereis spinosa Whatley & Titterton, 1981, 19, 21, Paratype
right valve OS 11749 19, detail of central muscle scars x 67.8. 27, inter-
nal view x 66.1. 20, Holotype left valve OS 11750 external view x 56.2.
22-28, Arculacythere polytrematus sp. nov. 22, Holotype male left valve
RT/SIR/675 external lateral view x 48.2. 23, Paratype male right valve
RT/SIR/672 external view x 50.6. 24, 28, Female right valve RT/SIR/674
24, internal view x 42.9, 28, detail of central muscle scars x 212.8. 25,
Male left valve RT/SIR/673, internal view x 48.8. 26, Female carapace
RT/SIR/670 dorsal view x 49.4. 27, Paratype female right valve
RT/SIR/671, external view x 49.4.
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Plate 4
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Dimensions.-
Length Height Width

Holotype male LV, RT/SIR/675  0.83  0.37
Paratype female C, RT/SIR/670  0.85 0.42  0.38
Paratype female RV, RT/SIR/671 0.85  0.41
Paratype male RV, RT/SIR/672 0.79 0.38
Male RV, RT/SIR/673 0.82 0.37
Female LV, RT/SIR/674 0.84 0.41
A-1 RV, RT/SIR/676 0.69 0.32
Female RV, RT/SIR/677 0.84 0.41
Mean Dimensions.-

Length Height
3 Female LV 0.87(0.86-0.88) 0.42(0.41-0.43)
3 Male LV 0.82(0.82-0.83) 0.37
4 A-1 RV 0.68(0.67-0.69) 0.34(0.32-0.35)
3A-2 0.55(0.53-0.57) 0.29(0.28-0.30)

Distribution.- Samples: OS5, OS6, Shortland Island,

Remarks.- The present species differs from the type A. vac-
ciformis Hartmann, 1981 (Recent, NE Australia) in that the
reticulae are more complete anteriorly and posteriorly. Ar-
culacythereis polytrematus is also similar in size, shape
and ornament to Cythere ovalis Brady, 1880 (=Cythere
hardingi nom. nov. Puri and Hulings, 1976) but differs in
secondary punctate ornament and a more concave ventral
margin. Arculacythereis sp. of Howe & McKenzie, 1989
(N Australia) is notably smaller (L=0.68mm), has wider
and rounded muri in the reticulum and lacks the second-
ary punctation.

Subfamily CYTHERETTINAE Triebel, 1952
Genus Alocopocythere Siddiqui, 1971

Type species.- Alocopocythere transcendens Siddiqui,
1971.

Remarks.- Siddiqui (1971) erected the genus to accommo-
date seven early Tertiary species from Western Pakistan.
He also included Trachyleberis fossularis Lubimova &
Guha 1960, from the Miocene of Kutch, India. Subse-
quently, the genus has proved to be an important element
of Tertiary to Recent faunas in the Indo-West Pacific area.
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Gramann (1975, p.16) remarked that Alocopocythere
closely resembled Neocytheretta Morkhoven, 1963 in ex-
ternal morphology and structure of the hinge. However,
he argued that, although the latter possesses a Cytheretta-
like inner margin, as this structure was very deciduous, it
may be a junior synonym of Neocytheretta. Malz (1980)
discussed the differences in hard part morphology be-
tween these two genera from the Pliocene-Pleistocene of
Taiwan and demonstrated them in tabular form (p.48) and
concluded that Alocopocythere was a genus distinct from
Neocytheretta and this has been accepted by most subse-
quent workers.

Genus Alocopocythere Siddiqui, 1971
Alocopocythere reticulata (Hartmann, 1964)

1964 Bradleya reticulata Hartmann, p. 108, Figs
269, 274-278, Pls 46, 47, 49.

Alocopocythere reticulata fultura subsp. nov.
(Fig. 5, Nos 20, 21; PI. 5, Figs 10-15)

Derivatio nominis.- L. fultus - to prop up, support, buttress.
With reference to the vertically aligned, posteroventral pil-
lar-like rib that appears to buttress the posterolateral spine.

Holotype.- LV, RT/SIR/616. Plate 5, Fig. 10.

Type locality and horizon.- Honiara Bay, Guadalcanal,
sample 56, 1,900 feet offshore, east of Point Cruz, very
fine grained sand, 15 fathoms. Recent.

Material.- 43 valves and carapaces, A-2 to adult.

Diagnosis.- A reticulate sub-species of Alocopocythere
reticulata, the reticulation being continuous to the anterior
marginal ridge, being “stretched” longitudinally postero-
and ventrolaterally and with a vertically aligned postero-
lateral rib extending ventrally from the postero-lateral
spine.

Description.- Medium. Thick-shelled. Opaque. Sexual di-
morphism not observed. Subrectangular in lateral view:
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subovate, bispinose and flattened mid-laterally in dorsal
view. Anterior margin well rounded; 7 or 8 short, strong,
regularly spaced marginal denticles anteroventrally; ex-
tremity at mid-height. Posterior margin narrower; well
rounded in LV, asymmetrical and pointed in RV, with a
short concave posterodorsal slope and a long, gently con-
vex posteroventral slope, extremity above mid-height.
Dorsal margin straight, slightly overhung by dorsal lateral
surface; cardinal angles prominent except posterior angle
of RV. Ventral margin almost straight; subparallel to dorsal
margin gentle oral concavity in RV. Greatest length well
above mid-height; greatest height through anterior cardi-
nal angle; greatest width just anterior to lateral spine. LV
> RV. RV posterior cardinal angle over-reached by that of
LV. Surface of valves strongly reticulate with a short, back-
swept posteromedian spine. Reticulae rounded and rather
regular and symmetrical anteriorly and dorsally but very
angular and “stretched” longitudinally postero- and ven-
trolaterally. A submarginal rib extends from the eye tuber-
cle, as a rim around the anterior, ventral and posterior
margins with a single, peripheral row of reticula encroach-
ing on its proximal flank anteriorly. A vertically aligned
rib posteroventrally appears to buttress the posteromedian
spine. Eye furrow conspicuous, just posterior to promi-
nent, glassy eye tubercle. Secondary reticulation in solae
of juveniles. Npc’s numerous, simple, small evenly dis-
tributed on muri of reticulum. Inner lamella moderately
wide, LOC and inner margin coincident, subparallel to
outer margin. Rpc’s moderately numerous with approxi-
mately 50 anterior and 19 posterior canals, almost
straight, anteriorly some bifurcate, some cross, most dor-
sal pore posteriorly bifurcates. Hinge holamphidont, ro-
bust. RV anterior terminal element a slightly bifid tooth;
anteromedian element a deep locule; posteromedian ele-
ment al ong locellate groove; posterior terminal element
a rounded boss. Central muscle scars comprise 4 subo-
vate, small adductor scars in vertical row; single, ovate
frontal scar. Sexual dimorphism not apparent.

Dimensions.-

Length Height Width
Holotype LV, RT/SIR/616 0.65 0.34
Paratype C, RT/SIR/615 0.66 0.32 0.27
Paratype RV, RT/SIR/617 0.65 0.33
Paratype LV, RT/SIR/619 0.64 0.33
RV, RT/SIR/618 0.65 0.32
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LV, RT/SIR/619 0.64 0.33

LV, RT/SIR/620 0.66 0.33

A-1 LV, RT/SIR/621 0.50 0.28
Mean Dimensions.-

Length Height

6 RV 0.65(0.63-0.67) 0.33(0.31-0.35)
14 A-1 LV 0.48(0.47-0.50) 0.27(0.26-0.29)
2 A-2 0.37,0.39 0.23

Distribution.- Samples: 17, 40, 41, 52, 54-58, Guadal-
canal.

Remarks.- The present subspecies differs from A. reticu-
lata perfecta subsp. nov. of the present study, in that it pos-
sesses a conspicuous vertical rib extending ventrally from
the posteroventrolateral spine. Alocopocythere reticulata
indoaustralica Hartmann, 1978 (Recent, W Australia) also
has a posteroventolateral rib but it is not vertically inclined
as in the present subspecies, also in the former the retic-
ulation does not extend to the anterior marginal rim. The
present subspecies is somewhat similar to Neocytheretta
multilineata Zhao & Whatley, 1989 (SW Malay Peninsula)
but differs in its inner lamella and the details of the retic-
ulocostate ornament; the latter species also lacks the ver-
tical posteroventral buttress to the posteroventrolateral
spine.

Alocopocythere reticulata perfecta subsp. nov.
(Fig. 5, No. 25; PI. 5, Figs 16-26)

1986 Alocopocythere aff. reticulata indoaustralica
Hartmann. Cabioch et al., p. 26, PI. 8, Figs
15-19.

Derivatio nominis.- L. perfectus - complete, finished, per-
fect. With reference to the fact that in this subspecies, the
reticulate ornament extends onto the extreme anterior of
the lateral surface and is complete and quite regular over
virtually the entire lateral surface.

Holotype.- Female left valve RT/SIR/606. Plate 5, Fig. 17.

Type locality and horizon.- Honiara Bay, Guadalcana,
sample 29, 550 feet offshore, west of Point Cruz. Uncon-
solidated, fine-grained, coral sand. 19 fathoms. Recent.
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Material.- 32 valves and carapaces, A-3 to adult.

Diagnosis.- A dimorphic sub-species Alocopocythere
reticulata, the reticulation being continuous to the anterior
marginal ridge and very regularly distributed over virtu-
ally the entire lateral surface.

Description.- Medium. Very thick-shelled. Opaque. Sexual
dimorphism conspicuous; male longer, more quadrate
and less tumid posteriorly than female. Subquadrate in lat-
eral view; subhastate, bispinose in dorsal view. Anterior
margin well rounded; 7-8 short, strong, regularly spaced
marginal denticles anteroventrally; extremity at mid-
height. Posterior margin narrower; subrounded in LV;
asymmetrical in RV with short, concave posterodorsal
slope and long, gently curved posteroventral slope; ex-
tremity above mid-height. Dorsal margin straight, slightly
overhung by posterior tumidity in female. Cardinal angles
prominent, posterior angle of RV less so. Ventral margin
almost straight, parallel to dorsum in male; more inclined
in female very slight oral concavity. Greatest length above
mid-height; greatest height through anterior cardinal
angle; greatest width just anterior of lateral spine. LV > RV.
RV posterior cardinal angle over-reached by that of LV.
Surface strongly reticulate, reticulae slightly preferentially
orientated in horizontal plane in posterior half and ventro-
laterally and extending to anteromarginal ridge. A short,
conspicuous backswept spine occurs posteromedianly at
about mid-height. Strong anterior marginal rim continues
around ventral to posteroventral margin. Lateral reticulae
do not cross anterior rim, distal to which is a single row of
reticulae. Shallow eye furrow, oblique, just posterior to
prominent, glassy eye tubercle. Secondary reticulation in
juveniles only. Npc’s numerous, small, simple, evenly dis-
tributed on muri of reticulum. Inner lamella moderately
wide; LOC and inner margin coincident, subparallel to
outer margin. Rpc’s moderately numerous; approximately
27 anterior and 18 posterior canals, almost straight, ante-
riorly some bifurcate or trifurcate; dorsal most canal on
posterior margin bifurcate. Hinge holamphidont, robust.
RV anterior terminal element a weakly bifid tooth; antero-
median element a deep locule; posteromedian element a
locellate groove; posterior terminal element a large
rounded boss. Central muscle scars comprise 4 small,
ovate adductor scars, in compact vertical row; frontal scar
ovate.
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Dimensions.-
Length Height Width

Holotype female LV, RT/SIR/606 0.59  0.34
Paratype female C, RT/SIR/604  0.62  0.34 0.33
Paratype male C, RT/SIR/605 0.60 0.31 0.27
Paratype male RV, RT/SIR/609  0.62  0.32
Female RV, RT/SIR/607 0.61 0.33
Male LV, RT/SIR/608 0.60  0.32
A-1 LV, RT/SIR/610 0.48 0.29
Female RV, RT/SIR/611 0.61 0.34
Male RV, RT/SIR/612 0.62 0.32
Female LV, RT/SIR/613 0.60 0.34
Female RV, RT/SIR/614 0.63 0.32
Mean Dimensions.-

Length Height Width
3 Female C 0.63(0.62-0.64) 0.35(0.34-0.36) 0.33

7 Male LV 0.62(0.60-0.64) 0.33(0.31-0.34)
5A-1LV 0.47(0.46-0.48) 0.28(0.27-0.30)
1A-2 0.43 0.25
1A-3 0.36 0.23

Distribution.- Cabioch et al. (1986) encountered the sub-
species in New Caledonia. Present study samples: 13, 16,
17,29, 40, 41, 52, 53-59, 60 Guadalcanal.

Remarks.- The extension of the reticulae to the marginal
rim in this subspecies distinguishes it from A. reticulata in-
doaustralica Hartmann, 1978 (Recent, eulittoral W Aus-
tralia) and from A. reticulata reticulata (Hartmann, 1964)
(Recent, Red Sea). The reticulae of the present subspecies
are also somewhat smaller. Alocopocythere kendegensis
(Kingma, 1948) (Pliocene to Recent, SE Asia and China) is
rather similar in ornament although it is less elongate; it
differs mainly in being notable smaller (L= 0.53-0.56). It
differs from A. reticulata (Hartmann) 1964 morphotype A
of Gramann, 1975 (Recent, Burma) in that it does not bear
lateral nodes. Alocopocythere reticulata fulta subsp. nov.
differs from the present sub-species in possessing a dis-
tinctive vertical buttress extending ventrally from the pos-
teroventrolateral spine. Hartmann (1981) illustrated an
unnamed species, questionably assigned to Trachyleberis
which, in our opinion, is a species of Alocopocythere. It
differs, however, from the present subspecies in that the
reticulate ornament does not extend to the anterior mar-

gin.
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Genus Australimoosella Hartmann, 1978

Type species.- Australimoosella exmouthensis Hartmann,
1978.

Australimoosella polypleuron sp. nov.
(Fig. 5, No. 23; Pl 5, Figs 27, 28, 31, 35)

Derivatio nominis.- Gr. woAvg - poly, many, plus mAevpov
pleuron ribs, many ribs. With reference to the ornament of
numerous horizontal ribs in this species.

Holotype.- LV, RT/SIR/202. Plate 5, Fig. 31.

Type locality and horizon.- Honiara Bay, Guadalcanal,
sample 58, 500 feet offshore, east of Point Cruz. 7 fath-
oms, very fine unconsolidated sand. Recent.

Material.- 19 valves, A-1 to adult.

Diagnosis.- A medium, very elongate species of Austral-
imoosella characterised by its numerous longitudinal ribs,
separated by single or double rows of circular puncta.

Description.- Small to medium. Moderately thin-shelled.
Opaque. Elongate, subrectangular in lateral view, subel-
liptical in dorsal view. Sexual dimorphism not observed.
Anterior margin broadly rounded; extremity well below
mid-height. Posterior margin narrower, well rounded, be-
coming obliquely sloping posteroventrally; extremity
above mid-height. Dorsal margin straight: cardinal angles
prominent, obtusely rounded. Ventral margin almost
straight. Greatest length at mid-height; greatest height
through anterior cardinal angle; greatest width medianly.
Eye-spot inconspicuous but large. Surface of valves orna-
mented by some 12 fine, longitudinally aligned ribs with
delicate intercostal reticulopunctation in single or double
rows between each rib. Anteriorly, 3 broad ribs, subparal-
lel to the margin are developed, with larger reticulae
being produced by their interaction with the longitudinal
ribs. Posteriorly the longitudinal ribs do not extend to the
margin. This area bears delicate puncta and a large pore
conulus. Npc’s mainly small, moderately numerous, reg-
ularly distributed. Inner lamella moderately wide, LOC
and inner margin coincident and subparallel to outer mar-
gin. Rpc’s moderately numerous, about 25 anterior and
14-16 posterior canals, simple, almost straight, some false.
Selvage very strongly developed ventrally, becoming pe-

67

ripheral and weakly developed anteriorly. Hinge
holamphidont, fairly robust: LV anterior element a deep
socket bounded ventrally by a bar; anteromedian element
a small ovate tooth and a long denticulate posteromedian
bar becoming more strongly dentate posteriorly; posterior
terminal element a deep socket open to interior. Salvage,
immediately posterior to hinge, with small denticles. Cen-
tral muscle scars sited anterodorsally around a shallow
depression, comprising 4 small, closely spaced, subovate
adductor scars on posterior rim of depression and a small

v-shaped frontal scar, dorsally, on anterior rim.

Dimensions.-

Length Height
Holotype LV, RT/SIR/202 0.54 0.24
Paratype LV, RT/SIR/203 0.51 0.24
Paratype LV, RT/SIR/204 0.57 0.27
Paratype LV, RT/SIR/205 0.54 0.23
Paratype A-1, RV RT/SIR/206 0.40 0.19

Distribution.- Samples: 5, 16, 40, 54, 55, 57, 58, 60,
Guadalcanal.

Remarks.- The present species is very similar in size, shape
and ornament to Australimoosella liebaui Hartmann, 1978
(Recent eulittoral, W Australia) but differs in the detail of
the anterior and posterior ornament. Australimoosella ex-
mouthensis Hartmann 1978 (W Australia) has fewer, more
strongly developed lateral ribs. The present species is more
elongate, smaller and less acuminate posteriorly than Ben-
sonia knysnaensis (Benson and Maddocks, 1964) (Recent,
Knysna Estuary, South Africa) although the ornament is
somewhat similar. Australimoosella rockinghamensis Hart-
mann, 1979 differs in its coarser ribs and intercostal orna-
ment and Australimoosella (ex Yassinicythere Howe &
McKenzie, 1989 a junior synonym of Australimoosella)
bassiounii (Hartmann, 1979) in both shape and ornament.

Australimoosella sp.
(Fig. 5, No. 24; PI. 5, Figs 29, 30, 32-34)

Description.- Medium to large, thick-shelled. Opaque.
Sexual dimorphism not observed. Elongate, subrectangu-
lar in lateral view, subhastate in dorsal view. Anterior mar-
gin broadly rounded. Posterior margin slightly narrower
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and bluntly rounded. Dorsal margin almost straight; ante-
rior cardinal angles rounded; posterior angle obtusely
rounded. Ventral margin almost straight, gentle, broad oral
concavity. Greatest length at mid-height; greatest height
through anterior cardinal angle; greatest width at poste-
rior third. Eye tubercle absent. Valves inflated posteriorly
but with a narrow rim around posterior margin. A short,
deep sulcus just behind anterior cardinal angle, parallel
to dorsal margin, reflected internally. Surface of valves
strongly ornamented by a series of smooth lateral ribs that
extend obliquely anteroventrally to posterodorsally. The
ribs do not reach the end margins, being cut off by ribs
approximately at right angles, but anteriorly the dorsal-
most two lateral ribs curve downwards parallel to the an-
terior margin and continue laterally and posteriorly.
Behind the posterior marginal rib is a broad area orna-
mented by fine puncta. Intercostal areas elaborately orna-
mented by very deep often cribrose puncta, which are
variously orientated. Npc’s, small, on pore conuli posteri-
orly. Inner lamella broad. Rpc’s moderately numerous, ap-
proximately 23 anterior and 14 posterior, simple and
unbranching. Hinge modified entomodont, robust. Sulcus
reflected internally by a strong ridge below anterior part of
hinge. Central muscle scars appear to comprise a vertical
row of 4 small, ovate adductor scars with a v-shaped
frontal scar open dorsally.

Dimensions.-

Length  Height Width
LV, RT/SIR/413 0.66 0.32
C, RT/SIR/414 0.71 0.33 0.33
A-2 LV,RT/SIR/415 0.48 0.25

Distribution.- Samples: 14, 53, OS6, Guadalcanal and
Shortland islands.

Remarks.- The surface ornament of longitudinal ribbing is
more characteristic of Cytheretta Muller, 1894 but the in-
ternal characters are of Australimoosella. This species may
represent a new genus; therefore, a complete description
is given. It is tentatively placed in Australimoosella, be-
cause of the paucity of material. Cronin, in a preprint sent
to the authors on the Ostracoda of some Central Pacific
Atolls, has a similar species which he also refers to as Aus-
tralimoosella.
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Subfamily RUGGIERIAINAE Warne, Whatley & Blagden,
2006

Genus Ruggieria Keij, 1957
Type species.- Cythere micheliniana Bosquet, 1852.

Ruggeria caryonautes sp. nov.
(Fig. 5, Nos 14, 15; PI. 3, Figs 10-16)

Derivatio nominis.- Gr. kapvo-voutns one who sails in a
nut shell. From the two roots xapvov - any kind of nut or
kernel and vautrs - a sailor or seaman. With reference to
the resemblance of the carapace of the species to a kernel
of certain fruits and, therefore, to the condition of the an-
imal it encloses.

Holotype.- Female LV, RT/SIR/661. Plate 3, Fig. 10.

Type locality and horizon.- Honiara Bay, Guadalcanal,
sample 60, 2,000 feet offshore east of the Matanikau River.
24 fathoms. Unconsolidated, very fine-grained sand. Re-
cent.

Plate 5. 1-9, Hypocritecythere polymorphica gen. et sp. nov. 1, Holotype
left valve RT/SIR/679 external lateral view x 50.0. 2, Paratype right valve
RT/SIR/681 external view x 51.4. 3, 9, Left valve RT/SIR/685 3, internal
view x 54.3, 9, detail of central muscle scars x 365.6. 4, Paratype left
valve RT/SIR/680 external lateral view x 51.4. 5, Paratype carapace
RT/SIR/678 dorsal view x 50.6. 6, Paratype right valve RT/SIR/682, exter-
nal lateral view x 52.9. 7, Right valve RT/SIR/683 internal view x 51.4.
8, Paratype right valve RT/SIR/688 external lateral view x 55.4. 10-15,
Alocopocythere reticulata fultura subsp. nov. 10, Holotype left valve
RT/SIR/616, external view x 55.4. 11, Paratype right valve RT/SIR/617,
external view x 58.5. 12, 15, Paratype left valve RT/SIR/619 12, internal
view x 57.8. 15, detail of central muscle scars x 340.0. 73, Paratype cara-
pace RT/SIR/615, dorsal view x 65.2. 74, Right valve RT/SIR/618 inter-
nal view x 59.4. 16-26, Alocopocythere reticulata perfecta subsp. nov.
16, 25, Male left valve RT/SIR/608 16, detail of central muscle scars x
315.6, 25, internal view x 62.5. 17, Holotype female left valve
RT/SIR/606 external view x 61.0. 18, Paratype male right valve
RT/SIR/609 external view x 61.3. 19, Female left valve RT/SIR613 inter-
nal view x 58.5. 20, A-1 left valve valve RT/SIR/610 external view 77.1.
21, Paratype female carapace RT/SIR/604 dorsal view x 62.9. 22,
Paratype male carapace RT/SIR/605 dorsal view x 62.9. 23, Female right
valve RT/SIR/607 external view x 63.9. 24, Male right valve RT/SIR/612
internal view x 61.3. 26, Female right valve RT/SIR/611 internal view x
63.9. 27, 28, 31, 35, Australimoosella polypleuron sp. nov. 27, 28,
Paratype left valve RT/SIR/203 27, detail of central muscle scars x 340.5,
28, internal view x 82.4. 31, Holotype left valve RT/SIR/202 external lat-
eral view x 77.8. 35, Paratype A-1 right valve RT/SIR/206 external view
x 105.0. 29, 30, 32-34, Australimoosella sp. 29, 32, Left valve RT/SIR/413
29, external view x 62.1, 32, internal view x 62.1. 30, 33, Carapace
RT/SIR/414 30, external lateral view of RV x 56.3, 33, dorsal view x 57.7.
34, A-2 left valve RT/SIR/415 external view x 85.4.
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Plate 5
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Material.- 235 valves and carapaces, A-2 to adult.

Diagnosis.- A medium species of Ruggieria pear-shaped
in lateral view, characterised by its surface ornament of
longitudinally aligned reticulae. Short, posterolateral
spine, posteriorly directed, at about mid-height.

Description.- Medium. Thick-shelled. Adults opaque, juve-
niles translucent. Sexual dimorphism conspicuous; male
considerably smaller, less high and less tumid than female.
Pear-shaped in lateral view, subhastate and bispinose in
dorsal view. Anterior margin well rounded; anteroven-
trally bearing 10-12 marginal denticles, extremity at mid-
height. Posterior margin acuminate, asymmetrical; with a
short, slightly concave posterodorsal slope and a long gen-
tly convex posteroventral slope: extremity at about mid-
height bearing 4 short, strong marginal spines and 1
longer, robust denticle just ventral of caudal angle: ex-
tremity at about mid-height. Dorsal margin straight, in-
clined towards posterior, cardinal angles obtusely
rounded. Ventral margin gently biconvex, overhung by lat-
eral inflation so appearing gently convex in lateral view.
Greatest length about mid-height; greatest height through
anterior cardinal angle; greatest width just anterior of pos-
terolateral spine. LV> RV, overlap along dorsal margin.
Surface of valves strongly reticulate, reticulae aligned lon-
gitudinally, particularly anterodorsally. A broad smooth
marginal rim parallels the dorsal margin. A short, strong
posterolateral, posteriorly directed spine, occurs at about
mid-height. Small, inconspicuous eye-tubercle. Npc’s nu-
merous, small, simple, distributed on muri, some on small
pore conuli posterior to lateral spine. Inner [amella mod-
erately wide, avestibulate, LOC and inner margin coinci-
dent, subparallel to outer margin. Rpc’s numerous;
approximately 40 anterior and 10 posterior canals, closely
spaced anteriorly in clusters 2 or 3 associated with mar-
ginal spines, all straight, some cross, majority slightly
swollen medianly. Hinge pararaphidont, robust. RV ante-
rior terminal element a large dentate tooth with 5 lobes,
the anteromedian element is a small socket, the postero-
median element a long locellate groove and the posterior
terminal element a large 5 lobed tooth. Central muscle
scars comprise 4 small adductor scars in compact vertical
row; v-shaped frontal scar open anterodorsally.
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Dimensions.-
Length Height Width

Holotype female LV, RT/SIR/661 0.61  0.37
Paratype female RV, RT/SIR/660 0.58  0.34
Paratype female C, RT/SIR/658  0.58 0.36 0.34
Paratype male C, RT/SIR/659 0.57 031 0.28
Paratype male RV, RT/SIR/665 0.53 0.28
Male RV, RT/SIR/662 0.57 0.32
Female LV, RT/SIR/664 0.57 0.32
Male RV, RT/SIR/668 0.54 0.30
A-1 LV, RT/SIR/669 0.44 0.26
Mean Dimensions.-

Length Height Width
7 Female C 0.60(0.58-0.62) 0.36(0.34-0.38) 0.34(0.32-0.37)
6 Male C  0.55(0.52-0.57) 0.31(0.30-0.33) 0.29(0.28-0.29)
20A-1 LV  0.45(0.41-0.47) 0.28(0.25-0.30)
20 A-2 0.35(0.33-0.39) 0.22(0.20-0.24)

Distribution.- Offshore Quaternary, marine, shallow water
sediments, Guadalcanal (Williams, 1980 MS). Present
study samples: 29, 30, 40-42, 52-56, 58, 60, 61, Guadal-
canal.

Remarks.- The present species is very similar to Ruggeria
papuensis (Brady, 1880) from the Recent of Papua New
Guinea but differs in details of the reticulate ornament
which in the present species is notably aligned longitudi-
nally.

Subfamily SCHIZOCYTHERINAE Mandelstam, 1960
Genus Neomonoceratina Kingma, 1948

Type species.- Neomonoceratina columbiformis Kingma,
1948.

Neomonoceratina entomon (Brady, 1890)
(Fig. 5, Nos 18, 19; PI. 3, Figs 22, 23, 25, 26)

1890 Cytherura entomon Brady, p. 509, PI.3, Figs
26,27, 27a.

2001 Neomonoceratina entomon (Brady). Titterton
etal., p.41, Pl. 3, Figs 1-4 (g.v. for
synonymy).
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Material.- 4 adult valves.

Diagnosis.- A species of Neomonoceratina with 2 ventral,
delicate, sinuous ridges from posteroventral spine to ante-
rior, a median ridge across median sulcus. Intercostate
areas strongly reticulate and anteroventral margin with
narrow flange. Dimorphic, male more elongate and less
inflated with median rather than subdorsal caudal process
and less well developed posteroventral spine.

Dimensions.-

Length Height
LV, RT/SIR/599 0.45 0.25
RV, RT/SIR/600 0.44 0.24
RV, RT/SIR/601 0.43 0.24
LV, RT/SIR/602 0.43 0.23

Distribution.- The species is of common occurrence in In-
donesian waters (Keij, 1954 and Watson, 1988 MS). It also
occurs in, New Caledonia and Fiji (Brady, 1890). Present
study samples: 53, 60, Guadalcanal.

Remarks.-The present material and that of Watson, 1988
MS (Java Sea) differ slightly from the type material in that
they possess a small, crenulate postero-dorsal rib.

Neomonoceratina koenigswaldi Keij, 1954
(Fig. 5, No. 22; PI. 3, Figs 24, 27)

1954 Paijenborchella (Neomonoceratina)
koenigswaldi Keij, p. 359, T-fig. 1, Pl. 3, Figs
14-18.

1974 Neomonoceratina koenigswaldi Keij. Guha, p.
18, PI. 1, Figs 14, 15.

1978 Neomonoceratina koenigswaldi Keij.

Hartmann, p. 76, T.-figs 75-84, PI. 3,
Figs 1-8.

1981 Neomonoceratina koenigswaldi Keij.

Hartmann, p. 101, PI. 2, Figs 5-8.

Material.- 1 adult and 4 juvenile valves.

Diagnosis.- A species of Neomonoceratina ornamented
with a series of irregular riblets dominated by a strong lat-
eral oblique rib from anteroventral to posterodorsal across
median sulcus and a less dominant single rib along the
ventral ridge. Intercostate areas smooth.
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Dimensions.-

Length Height
RV, RT/SIR/603 0.55 0.31
A-1 LV 0.42 0.24

Distribution.- Lower Miocene, W India (Guha, 1974), Re-
cent, Philippines (Keij, 1954) and the eulittoral of the W
and E Australia (Hartmann 1978, 1981). Present study
samples: 5, 40, 54, Guadalcanal.

Remarks.- The present species is larger than N. entomon
and is less strongly ornamented. Neomonoceratina
koenigswaldi described by Keij (1954) and by Hartmann
(1978, 1981) has a more prominent ventral ridge.
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Resumen

El estudio polinico de un depésito higroturboso de origen periglacial localizado en el macizo de Pefalara (Sierra de Guadarrama. Ma-
drid) apoyado en 7 dataciones AMS de '*C, proporciona la primera reconstruccién de alta resolucion de la evolucion de la vegeta-
cion en el area durante los dltimos 1689 afos. Los resultados obtenidos reflejan la existencia de un paisaje vegetal dominado por el
estrato herbdceo, constituido fundamentalmente por Poaceae y Plantago lanceolata tipo. La masa forestal estd constituida por Pinus
sylvestris tipo y en menor proporcién Pinus pinaster tipo y Quercus, junto a presencias puntuales de Betula. El grupo arbustivo (Erica
arborea, Rosaceae, cf. Juniperus y Cistaceae), estd presente a lo largo de toda la secuencia sin Ilegar a tener un papel importante en
la estructura de la vegetacion. El andlisis de los microfésiles no polinicos (MNPs) ha permitido relacionar las variaciones de la vege-
tacion con la presion pastoral y los cambios tréficos en la turbera. Los valores del pH y de la conductividad del sedimento, constatan
los cambios detectados en la vegetacién y en los usos del suelo.

Palabras clave: Palinologia, vegetacion, actividad antrépica, Holoceno Reciente.

Abstract

[Landscape evolution during the last 1680 years BP in the Penalara Massif, Guadarrama Range, Madrid] A study of peat bog from
Pefialara (Guadarrama Range, Madrid) supported by 7 *C AMS dates provides the first high-resolution the vegetacion evolution dur-
ing the last 1680 years in the area. The landscape is dominated by herbaceous taxa, constituted mainly by Poaceae and Plantago
lanceolata. Shrubs such as Erica arborea, Rosaceae, cf. Juniperus and Cistaceae have certain role in the vegetation. Woodlands with
Pinus sylvestris type, also P. pinaster, Quercus and Betula are also noticeable throughout the sequence. Non-pollen palynomorphs are
used to infer the importance of erosive processes and changes in peat bog trophic condition. The information provided by pH and sed-
iment conductivity serves to assess vegetation and land uses changes.

Keywords: Palynology, vegetation, vnthropic activity, Late Holocene.

1. INTRODUCCION climética del medio continental. En el caso del macizo de

Pefnalara (Sierra de Guadarrama, Madrid), la actividad gla-
Los lagos constituyen una de las principales fuentes de in- ciar durante la dltima glaciacion (Centeno et al., 1983;
formacion en la reconstruccion paleoambiental y paleo- Pedraza et al., 2004; Pedraza y Carrasco, 2005; Acaso,
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2006) ha propiciado la formacién de numerosas cuencas
endorreicas de pequefio tamafo, que conservan las claves
para la deteccién de los cambios acaecidos en la vegeta-
cién, como respuesta al clima y/o a la actividad antrépica.
Bajo esta perspectiva el primer analisis palinolégico rea-
lizado, en el entorno de la laguna de Pehalara (Alia et al.,
1957), se llevé a cabo en la turbera “Tremedal de los
Hoyos” localizada a 1.900 m.s.n.m, en la denominada
Hoya de Pefialara; el analisis de 16 muestras correspon-
dientes a un sondeo de 250 cm de potencia, puso de ma-
nifiesto las fluctuaciones en la composicion del bosque
constituido fundamentalmente por Pinus, Betula y Quer-
cus, junto con el dominio de las gramineas en el estrato
herbaceo a lo largo del, segtin los autores, el Holoceno.

Posteriormente, Jiménez Ballesta et al. (1985) retomaron
las investigaciones palinolégicas en el area, comparando
la evolucion paleoambiental entre algunas turberas de las
sierras de Gredos y Guadarrama; en el caso de Pefalara,
estudiaron dos muestras procedentes del relleno de la de-
presién interior del arco morrénico principal, situado a
1.950 m.s.n.m. Los resultados mas relevantes se resumen
en el dominio del pinar sobre el bosque de quercineas y
en la similaridad de la vegetacion fésil con la actual. A
partir de 1986, el grupo de Palinologia de la Universidad
de Alcala de Henares (Ruiz Zapata et al., 1987, 1988) ini-
cia una serie de investigaciones sistematicas de cardcter
paleoambiental en la zona, a fin de poder establecer con
mayor precision cronolégica la secuencia vegetal y cli-
matica del area. El estudio preliminar de siete muestras,
procedentes de un sondeo realizado en la Hoya de Pefia-
lara, a 1930 m.s.n.m, situado a 50 m al este de la base
del escarpe del Refugio Zabala, revel6 la evolucién desde
paisajes de bosque, relativamente densos hasta la instala-
cion de un paisaje semejante al actual, destacando el
papel del estrato arbustivo y la presencia de gramineas;
dichos cambios en la estructura de la vegetacion, lo expli-
can como una respuesta tanto a las variaciones en las con-
diciones climaticas como a la actividad antrépica.

Anos mas tarde, Bentley (1991), presenté los resultados
del analisis polinico de siete muestras procedentes de un
perfil de 90 cm (sin ubicacion exacta conocida); conclu-
yendo, que la vegetacién a escala regional, esta caracte-
rizada por la existencia de bosques de Pinus, asi como
mixtos de pinares y quercineas. Este autor atribuye los
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descensos de Betula y Quercus, los cambios en los pina-
res, y la presencia de fases erosivas, a variaciones en el
uso del suelo (clareado y presion pastoral), sin descartar
alguin tipo de influencia climatica en ellos, dada la dificul-
tad para diferenciarlos en el diagrama polinico. Adicio-
nalmente, identifica, a nivel local, pastizales de gramineas
dedicados al ganado, en los cuales varia la presion pasto-
ral en el tiempo.

El analisis de 31 muestras, procedentes de un sondeo de
160 cm en la turbera localizada en la depresion de la len-
gua glaciar del estadio Wiirm B, en la Laguna Grande de
Pefalara (Vazquez, 1992; Vazquez y Ruiz Zapata, 1992),
corrobora las conclusiones de los trabajos previos y
aporta, por primera vez, dataciones radiocarbénicas. Asi
se establece que hacia 4.160 = 70 BP (Vazquez, 1992), el
paisaje local del hoyo de la Laguna Grande de Penalara
corresponde a un medio abierto no forestal con bosques
regionales de Pinus y Betula, que no se encontrarian muy
alejados del depésito, mientras que el robledal, también
de cardcter regional, se situaria a menor cota y atin menor
seria el limite altitudinal del encinar. Tras un periodo de
deforestacion, que afectaria el pinar y el abedular, atin du-
rante el Subboreal, ambas formaciones forestales mues-
tran una ligera recuperacion. Posteriormente, sefiala una
regresion del abedular, relacionada con la mejoria clima-
tica del Subatlantico (2.700-2.500 BP), paralela con la ex-
pansion de los pinares. A partir de 1.100 = 60 BP,
identifica otra retraccién del abedular provocada por con-
diciones climdticas, aunque la presion antrépica parece
afectar también, de manera temporal, a los bosques de
Pinus 'y Quercus. Con posterioridad a 1.100 BP, identifica
el proceso mds acusado de degradacion antrépica de los
bosques, si bien se detectan algunos episodios de recu-
peracion, debido a la disminucion de la presion antrépica
y quizas por la mejoria climatica de los siglos XI-XV d.C.
El deterioro climatico de la Pequefa Edad del Hielo (siglos
XV-principios XVIII d.C.), se detecta a través de una nueva
expansién de Betula que llega incluso a competir con
Quercus. Por otro lado, la disminucién del pastoreo,
como consecuencia de una menor productividad de pas-
tos, favoreceria el desarrollo del pinar regional, cuya pos-
terior caida podria estar relacionada con los efectos de las
desamortizaciones del siglo XIX d.C. Finalmente, la au-
tora sefiala que la recuperacion de los bosques, en el siglo
XX d.C., estaria relacionada con la politica proteccionista
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de los mismos y con la disminucién de las practicas agro-
pecuarias tradicionales.

Gracias a los trabajos palinolégicos, antes citados, se ha
podido establecer, de un modo general, la evolucién de la
vegetacion en el macizo de Penalara durante el Holoceno
reciente, que se caracterizaria por el transito desde for-
maciones de bosque, fundamentalmente pinares, abedu-
lares y melojares, hasta el desarrollo de espacios abiertos,
a través de fluctuaciones entre los taxa arbustivos y herba-
ceos, cuya dinamica responde a cambios en las condicio-
nes climdticas, asi como a una ocupacién y usos
antropicos del territorio. Lo expuesto evidencia el interés
paleoambiental de la zona, tanto a nivel paleoecolégico
como paleofitogeogréfico, por tratarse de un area de alta
montafa sensible tanto a los cambios climaticos holoce-
nos como a los mediados por la actividad humana.

En este sentido el trabajo que se presenta se aborda bajo
la perspectiva de un andlisis de alta resolucion, basado
en la identificacion de granos de polen y de palinomorfos
no polinicos, con el fin de poder relacionar los cambios
acaecidos en la vegetacion, tanto regional como local; el
andlisis del pH y la conductividad del sedimento permi-
tira conocer la respuesta de la propia cuenca de sedimen-
tacion, frente a los eventos de caracter climatico y/o
antrépico.

2. MATERIAL Y METODOS

El testigo analizado (PN) se obtuvo con una sonda ma-
nual tipo Rusa, alcanzando una profundidad de 154 cm
(Fig. 1); el muestreo se realizé cada 2 cm, suponiendo un
total de 78 muestras analizadas. Para la extraccion de los
granos de polen se utilizé la metodologia clasica (Codte-
aux, 1977; Faegri et al., 1989; Moore et al., 1991), consis-
tente en un ataque quimico mediante el empleo de acidos
(CIH y FH) y dlcalis (NaOH); el residuo fue sometido a
técnicas de enriquecimiento, mediante la concentracién
del polen por flotacién en licor denso de Thoulet (Girard
and Renault-Miskovsky, 1969; Goeury and Beaulieu,
1979).

La lectura y recuento del contenido polinico se llevo a
cabo de acuerdo al método propuesto por Cambon
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Figura 1. Situacién geogréfica de la secuencia PN.

Figure 1. Geographic location of PN sequence.

(1981). Para la determinacion de los tipos polinicos se
tomé como referencia la palinoteca de la Universidad de
Alcala y los manuales de Valdés et al. (1987), Moore et
al. (1991) y Reille (1992). La diferenciacion de Pinus pi-
naster tipo se basé en Arobba (1979) y Diaz-Laviada
(1989). Los microfésiles no polinicos (MNPs) se han iden-
tificado siguiendo la tipologia numérica y genérica esta-
blecida por la escuela de B. van Geel (van Geel, 1978;
van Geel et al., 1981, 2003; Lépez Saez et al., 2000,
2005; Lépez Sdez y Lépez Merino, 2007; Riera et al.,
2006).

La representacion grafica de los datos polinicos (Fig. 2) y
no polinicos, se expresan en frecuencias relativas, en el
denominado Diagrama Polinico, elaborado con el pa-
quete informatico TILIA®, TILIA GRAPH® y TGVIEW
1.6.2 (© Eric C. Grimm). Las frecuencias relativas de los
taxones arbéreos, arbustivos y herbaceos se calcularon a
partir de la suma base, que excluye el polen de la vegeta-
cién acudtica, las esporas y los MNPs; los porcentajes de
estos Gltimos se han realizado en base a la suma total del
contenido en granos de polen y palinomorfos no polini-
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cos de cada muestra y su representacion (Fig. 3) se com-
bina con el diagrama sintético del contenido en polen. En
este diagrama, salvo Pinus (que se representa individual-
mente), se han realizado las siguientes agrupaciones: Bos-
que perenne (Quercus ilex tipo y Cytisus tipo), Bosque
caduco (Quercus tipo y Prunus tipo), Bosque ripario

(Alnus, Fraxinus y Salix); para los taxones herbaceos se
contemplan los grupos de Nitréfilas antropozodgenas (Po-
aceae, Fabaceae, Caryophyllaceae, Fumariaceae, Brassi-
caceae, y Apiaceae), Nitréfilas antrépicas (Aster tipo,
Cichoriaceae, Dipsacaceae, Papaver rhoeas tipo, Boragi-
naceae, Rumex acetosa tipo, Solanaceae, Malvaceae, Ar-
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temisia), Nitrofilas (Urtica dioica tipo, Plantago lanceolata
tipo, Polygomun aviculare tipo, Rubiaceae, Geraniaceae y
Chenopodiaceae-Amaranthaceae). Para facilitar la lectura
del diagrama se han sefialado con presencias aquellos ta-
xones cuyos valores no superan el 5%. Con el fin de eva-
luar la diversidad biolégica del registro y estimar la
riqueza polinica (Fig. 4), se ha realizado un analisis de ra-
refaccion (Analytic Rarefaction 1.3; Bronk-Ramsey, 2000).

Las medidas de pH y conductividad (Fig. 4) se llevaron a
cabo de acuerdo con la norma ISO 10390:2005; para
ello, con las muestras de suelo, secadas al aire y tamiza-
das, se prepararon suspensiones en agua (1:5) que fueron
agitadas vigorosamente durante 10 minutos y a continua-
cién se mantuvieron en reposo para llevar a cabo las me-
didas de pH y conductividad en el sobrenadante. Dichas
medidas se han realizado utilizando un pH-metro Inolab
y un conductimetro Crison. En todo momento, la tempe-
ratura de trabajo ha sido 25+1° C.

Finalmente, teniendo en cuenta la alta resolucién emple-
ado en el anélisis polinico, se han llevado a cabo un total
de siete dataciones radiocarbdénicas AMS (Tabla 1). Las
dataciones han sido calibradas a partir de la datacién es-
tandar BP y su respectiva desviacion tipica, sirviéndonos
para la calibracion del programa OxCal v. 3.5 -©Bronk
Ramsey, 2000.

3. RESULTADOS E INTERPRETACION

El andlisis polinico llevado a cabo sobre las 78 muestras
de la secuencia PN, objeto de este trabajo, refleja los cam-
bios acaecidos en la vegetacion a partir de los 1680 + 40
BP. Se han identificado un total de 45 taxones, de los cua-
les 9 son arbdreos, 5 arbustivos y 25 herbaceos, junto a 6
taxa hidro-higréfitos, 4 MNPs y Filicales monoletes y tri-
letes (Fig. 2).

Desde el punto de vista de la vegetacion, los hechos mas
relevantes se resumen en el dominio de polen herbaceo,
representado fundamentalmente por Poaceae y diversos
taxa de afinidad nitréfila (Cichorioideae, Aster tipo, Papa-
ver rhoeas tipo, Rumex acetosa tipo, Urtica dioica tipo,
Plantago lanceolata tipo, Chenopodiaceae/Amarantha-
ceae) y Rubiaceae. El aumento de estos Gltimos asociado
al desarrollo de MNPs de afinidad copréfila, como es el
caso de los tipos tipo-55 A (Sordaria sp), tipo-113 (Sporo-
miella sp) y el tipo-368 (Podospora sp) (van Geel et al.,
2003; van Geel y Aptroot, 2006; Lépez Sdez y Lopez Me-
rino, 2007), permite definir momentos de mayor presién
pastoral. Del componente arbustivo, constituido basica-
mente por Erica arborea tipo, Prunus tipo, cf. Juniperus'y
Cistaceae, cabe destacar su presencia constante a lo largo
de toda la secuencia asi como su expansién hacia el techo
de la misma, con posterioridad a los 275+40 BP. En
cuanto a la masa forestal, estan representados los elemen-
tos de caracter regional que se documentan en otros es-
tudios polinicos de la Sierra de Guadarrama (Gil Garcia,
1992; Vazquez, 1992; Franco Mdgica, 1995), como es el

MUESTRA n° Laboratorio Profundidad cm 14C (BP) cal. BC/AD (2 ©) 95.4%
Pn-9 Beta-229289 25-27 80 = 40 turba 1680 AD — 1740 AD
1800 AD — 1940 AD
Pn-1 GdA-933 46-48 275 + 30 turba 1510 AD — 1600 AD
1610 AD - 1670 AD
Pn-5 Beta-223985 77-78 340 + 40 turba 1460AD - 1650AD (
Pn-2 GdA-934 107-108 755 + 30 turba 1215AD - 1285AD
Pn-6 Beta-223986 124-125 730 = 50 turba 1200AD - 1320AD
1350AD - 1400AD
PR-3 GdA-935 137-138 1300 = 30 turba 660 AD — 780 AD
Pn-7 Beta-229290 149-150 1680 + 40 turba 240 AD — 440 AD

Tabla 1. Dataciones '*C secuencia PN.

Table 1. Radiocarbon dating *C PN sequence.
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caso de Pinus sylvestris tipo, P. pinaster tipo, Quercus ilex
tipo y Quercus pyrenaica tipo, junto a presencias, en por-
centajes menores de Betula, Alnus, Castanea, Salix y Fra-
xinus. Las fluctuaciones en los valores de los elementos
arbéreos, y su ausencia/presencia, marca diversos episo-
dios climaticos que permiten corroborar los retrocesos y
avances de la linea superior de bosque (pinar), y la ex-
pansion o retroceso de melojares y abedulares en el Valle
del Lozoya a cotas altitudinales mas bajas (Ruiz Zapata et
al., 1987, 1988; Vazquez, 1992). Cyperaceae es el taxon
acuatico dominante y su presencia es constante en todo
el perfil, junto a el y de un modo puntual se detectan pre-
sencias de Epilobium, Myriophyllum, Ranunculaceae,
Typha monada y Typha tetrada y del MNP tipo-207 (Glo-
mus cf. fasciculatum), indicador de procesos erosivos.

El comportamiento de los granos de polen y de palino-
morfos no polinicos a lo largo de la secuencia PN, define
una sucesion de fases, materializadas en una zonacién
polinica, realizada con el tratamiento estadistico Coniss
(Grimm, 1987). Dicha zonacién separa tres grandes uni-
dades, cuyas peculiaridades se exponen a continuacion:

Zona Pi-1: abarca desde los 154 cm hasta los 101 cm del
registro sedimentario de PN, y estd constituido por un
lodo organico masivo con fragmentos liticos flotantes, de
tamano arena media-gruesa, de cuarzo que pasa gradual-
mente a una turba poco evolucionada con abundantes
restos vegetales de bridfitos y raices. En esta zona se han
realizado 4 dataciones: 149-150 cm (1680 + 30 BP), 137-
138 cm (1300 + 30 BP), 124-125 cm (730 + 50 BP) y 107-
108 cm (755 = 30 BP).

Domina el estrato herbaceo, constituido fundamental-
mente por Poaceae, que llega a alcanzar valores superio-
res al 30% y Plantago lanceolata tipo, y en proporciones
menores estan presentes Apiaceae, Artemisia, Aster tipo,
Brassicaceae, Caryophyllaceae, Chenopodiaceae-Ama-
ranthaceae, Cichorioideae, Papaver rhoeas tipo, Polygo-
num aviculare tipo, Rumex acetosa tipo, Saxifraga,
Valerianaceae y Violaceae. El grupo arbustivo esta cons-
tituido por Erica arborea tipo y Prunus tipo, y, en menor
medida, por Cytisus tipo y cf. Juniperus. Los elementos ar-
béreos presentes son Pinus sylvestris tipo, Pinus pinaster
tipo, Quercus pyrenaica tipo y Betula, acompanados por
presencias mas esporadicas de Alnus, Castanea 'y Quercus
ilex tipo. EI componente arbustivo estd constituido por
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Prunus tipo y Erica arborea tipo, acompanados por por-
centajes menores de cf. Juniperus. El taxén hidro-higro-
fito mejor representado es Cyperaceae y se detecta la
permanencia de Ranunculaceae. Estdn presentes los
MNPs tipo-55 A (Sordaria sp.), tipo-113 (Sporomiella sp.)
y el tipo-207 (Glomus cf. fasciculatum), acompanados de
Filicales monoletes vy triletes. En esta zona los valores de
diversidad polinica oscilan entre 11.9 = 0.09 y 19.5 =
0.01 (Fig. 4); los de pH entre 4.92 y 6; y la conductividad
entre 18.5y 145.8 pS cm-1 (Fig. 4).

El comportamiento de los taxones ha permitido diferen-
cias dos subzonas: Pii-1a, es la inferior y esta caracteri-
zada por presentar un mayor desarrollo y diversidad en el
componente arbéreo, bajos porcentajes de Poaceae y pre-
sencias de Epilobium y Typha tétrada, asi como los valo-
res mas altos en la diversidad, entre 15y 20. En base a las
dataciones se puede hablar de una tasa de sedimentacion
bastante lenta, pues el intervalo de 138-150 cm, repre-
sentan mas de 300 anos BP (1680+40-1300+30 BP). En
cuanto a la subzona Pii-1b, presenta un retroceso impor-
tante del elemento arbéreo debido tanto a la caida del
pinar como a la ausencia de los componentes del bosque
caduco y perenne lo que favorece la expansién del grupo
herbaceo (Poaceae). El grupo acudtico pierde igualmente
diversidad, no hay Filicales y si un ligero aumento del
MNPs tipo-55 A (Sordaria sp.) y en menor medida del
tipo-113 (Sporomiella sp.)y 207 Glomus cf. Fasciculatum).
Baja el indice de la diversidad, hasta valores proximos a
10. Las dataciones disponibles (730+50 BP y 755+30 BP)
permiten estimar una tasa de sedimentacion relativamente
alta en la turbera, (unos 25 afios para los 30 cm existen-
tes entre ambas dataciones).

En lineas generales, los datos expuestos permiten afirmar
que la vegetacion durante Pi-1, es decir entre 240-780
cal. AD (1680-755 BP), corresponderia a un paisaje que,
a nivel regional, se relaciona con un pinar denso y bien
desarrollado, en cuyo entorno abundarian especies pro-
pias de los matorrales mixtos de la alta montafia guadarra-
mica como Cytisus oromediterraneus y cf. Juniperus
communis. Los porcentajes relativamente elevados de Be-
tula, en la base de la zona, denotan una expansion del
abedular, ya que en los datos polinicos de la vegetacion
actual (Gémez, 2007) este tipo polinico no alcanza nunca
valores semejantes. Dicha abundancia podria estar rela-
cionada con la instalacién de unas condiciones climdticas
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de una mayor humedad, que a su vez propicio el desarro-
llo de Quercus pyrenaica tipo y las presencias de Casta-
nea. La caida, tanto cuantitativa como cualitativa del
grupo arboreo, en la parte superior de esta la zona poli-
nica, puede considerarse como la respuesta a una pérdida
tanto de la temperatura como de la humedad, propi-
ciando en zonas de alta montana el desarrollo de pastos,
que asociado al aumento de los MNPs copréfilos permi-
ten inferir que el desarrollo de la vegetacién estuvo con-
por tipo de presion pastoral,
probablemente del trasiego de ganados trashumantes pro-
venientes de la zona de fondo de valle, que alcanzarian
la laguna de Pefialara y su entorno en el estio.

dicionada cierto

Respecto al comportamiento de los parametros fisico-qui-
micos analizados, el pH pese a ser acido, debido al carac-
ter de la roca parental de la que deriva el depésito,
presenta ligeras oscilaciones; que contrastan con las fuer-
tes variaciones de los valores altos de conductividad. La
presion pastoral, podria ser la responsable del aumento
en la cantidad de nitratos y fosfatos disueltos en el medio,
hecho que coincide con el incremento de los MNPs indi-
cadores de presion pastoral.

El intervalo de 101 a 97 cm es estéril desde el punto de
vista polinico y marca el transito entre las zonas PA-1 y
PA-2. No resulta facil explicar esta falta de informacién,
maxime cuando no se aprecian grandes contrastes en el
desarrollo de la vegetacion a ambos lados de este nivel,
quiza podria estar relacionado con un corto periodo frio
que impidi6 la conservacion de los granos de polen.

La Zona Pi-2: abarca de los 97 a los 40 cm, y corres-
ponde a una turba poco evolucionada con abundantes
restos vegetales de bridfitos y raices. El estrato herbaceo
continda siendo el componente dominante, con porcen-
tajes que oscilan entre el 13% y mas del 60% de la suma
base polinica. Los hechos mds relevantes se resumen en
el ligero descenso, respecto a la zona anterior de Pinus
sylvestris tipo, el suave aumento de Pinus pinaster tipo, la
reintroduccion de Quercus pyrenaica tipo, Betula y en
menor medida Castanea y Alnus. Poaceae sigue siendo el
taxon herbaceo dominante, llegando a superar el 60%,
seguidos de Plantago lanceolata tipo, y en proporciones
menores Apiaceae, Artemisia, Aster tipo, Brassicaceae,
Caryophyllaceae, Chenopodiaceae-Amaranthaceae, Ci-
chorioideae, Papaver rhoeas tipo, Polygonum aviculare
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tipo, Rumex acetosa tipo, Saxifraga, Valerianaceae y Vio-
laceae, junto a presencias puntuales y discontinuas de
Campanula tipo, Dipsacus fullonum tipo y Scrophularia-
ceae, entre otros. El estrato arbustivo cuantitativa y cuali-
tativamente es muy similar al de la zona anterior, tan sélo
se detecta un ligero aumento de Cytisus tipo, asi como
una menor representacion de Prunus tipo. Cyperaceae
sigue siendo el taxdn hidro-higréfito mejor representado,
Ranunculaceae aumenta ligeramente y se detectan pre-
sencias de Myriophyllum, Typha monada vy tetrada. La
presencia del MNP tipo 133 (Sporomiella sp) es mas cons-
tante a lo largo de la zona que los tipos 55 A (Sordaria sp.)
y 207 (Glomus cf. fasciculatum). Los valores de diversi-
dad oscilan entre 8 + 0.07 y 23.5 = 0.01 (Fig. 4); el pH
entre 4.94 y 5.89; y la conductividad entre 15,3 y 106 pS
cm-1 (Fig. 4). Al igual que en el caso anterior tanto el
comportamiento de los palinomorfos, y la diversidad nos
definen dos subzonas, que a grandes rasgos repite el es-
quema evolutivo observado en la zona Pi-1; asi en la sub-
zona Pn-2a, desarrollada con anterioridad a los 340+40
BP, se aprecia un nuevo desarrollo del estrato arbéreo en
el que intervienen tanto los dos tipos de Pinus, como
Quercus pyrenaica tipo y Betula, en el grupo herbaceo
destaca la bajada porcentual de Poaceae; también se de-
tectan presencias de los dos tipos de Typha asi como el
aumento de Ranunculaceae. La diversidad alcanza los va-
lores maximos del perfil. El pH se recupera ligeramente,
con respecto a la zona Pi-1, estabilizdndose en valores
de 5 y los valores de la conductividad son bajos y con
tendencia al retroceso. En cuanto a la subzona Pn-2b, se
define para el intervalo de 40 a 75 cm, acumulados entre
340+40 y 275+30 BP, a lo largo de los cuales vuelve a
quedar patente el proceso de retroceso del componente
arbdreo, aunque en esta subzona no es tan drastico como
en la subzona Pi-1b. La composicion es muy similar a la
observada en Pii-2a; no obstante se detectan presencias
de Castanea y en menor medida de Fraxinus. En el grupo
arbustivo, desciende el porcentaje de Prunus, y de Erica
arborea tipo. Se observa un importante incremento de Po-
aceae, asociado a una pérdida de taxones herbdceos, al
igual que ocurre en el grupo acudtico, excepto a Cypera-
ceae. Estos hechos se manifiestan en el descenso general
de los valores de la diversidad. En cuanto a los MNPs au-
mentan tanto el tipo-55 A (Sordaria sp.) como el tipo-113
(Sporomiella sp.) mientras que el tipo-207 (Glomus cf. fas-
ciculatum) experimenta una fuerte caida. El pH tiende a
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descender ligeramente frente a un aumento de la conduc-
tividad.

En resumen, la zona Pi-2 presenta, un comportamiento
muy similar al observado en la zona Pi-1, en cuanto a la
estructura y composicion de la vegetacion, pudiendo ser
interpretado como un retorno a unas condiciones de
mayor humedad y la pérdida de este factor a lo largo de
este intervalo temporal. Respecto a la composicion, en la
zona PA-2b no se detecta la pérdida total de Quercus
pyrenaica tipo y Betula, apreciada en la subzona PAi-1b,
lo que podria ser indicativo de que se trata de un periodo
menos drastico que en el ciclo anterior. El aumento de los
tipos polinicos Sordaria sp. (tipo-55A) y Sporomiella sp.
(tipo-113), aboga como en el caso anterior, por el au-
mento de la presion ganadera en los pastos de altura, du-
rante esta etapa mas seca, y que origina un aumento de la
conductividad del sedimento.

La zona Pi-3 abarca los primeros 40 cm de la secuencia
y cuenta con una datacién, a 27 cm, de 80+40 BP. Los
aspectos mas notables de la misma radican en el dominio
del componente arbéreo debido a la expansién tanto de
Pinus sylvestris tipo, como mas discretamente de Pinus pi-
naster tipo y de Quercus pyrenaica tipo, asi como la au-
de de
considerablemente la representacién del estrato arbustivo,
debido al incremento de cf Juniperus y en el grupo herba-
ceo hay un descenso importante de todos sus componen-
tes incluido Poaceae, que sigue siendo el componente
principal. El grupo acudtico sélo esta representado por
Cyperaceae. Junto a Glomus (tipo-207), Sordaria sp. (tipo-
55A) y Sporomiella sp. (tipo-113) se detectan presencias
de Podospora sp. (tipo-368). La diversidad, aunque muy
fluctuante oscila entre valores similares a los de la sub-

sencia los taxones ribera. Aumenta

zona Pii-2b, sin embargo las fluctuaciones del pH y la
conductividad definen, al igual que el comportamiento y
composicion de la vegetacion, dos subzonas: Ph-3a,
cuyos rasgos distintivos son la presencia de Quercus pyre-
naica tipo y muy puntualmente de Alnus y Salix, asi como
el desarrollo de Glomus cf. fasciculatum; el pH, muestra
una tendencia hacia valores mas altos y mas bajos en el
caso de la conductividad. Sin embargo, en la subzona Pi-
3b aumenta Pinus pinaster tipo, desciende Pinus sylves-
tris tipo y no se detecta Quercus pyrenaica tipo. Aumentan
Cytisus tipo y cf. Juniperus, asociado a la caida de Erica ar-
borea tipo; el grupo herbaceo aparece muy empobrecido.
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Simultdneamente caen los valores de Cyperaceae, tnico
representante del elemento acuatico y aumentan consi-
derablemente los valores de Sordaria sp. (tipo-55A) y Spo-
romiella sp. (tipo-113), hay presencias de Podospora sp.
(tipo-368), y Glomus cf. fasciculatum (tipo-207) muestra
una fuerte caida porcentual. La diversidad, tras un ligero
aumento, tiende a disminuir, disminuyen los valores del
pH y se produce un fuerte incremento de la conductivi-
dad.

A lo largo de la zona Pi-3, los pinares montanos de Pinus
sylvestris tipo aunque mantienen un comportamiento mas
estable que en las zonas anteriores, presentan la misma
tendencia al retroceso, como respuesta a una antropiza-
cién continuada del entorno, y que en la zona de estudio
se fundamenta en una presion pastoral; este hecho favo-
rece la expansién del estrato arbustivo, de cf. Juniperus y
de Cytisus tipo. La caida de los pastizales de Poaceae, res-
ponden igualmente a la antropizacién, materializada en
el incremento de los pastizales antrépicos y antropozo6-
genos y que podria también explicar el aumento de Pinus
pinaster tipo. Sin embargo el aumento del bosque peren-
nifolio, la ausencia de registro de los taxones riparios, el
retroceso de Ericaceae y de los taxones acuaticos, parecen
revelar que junto a la actividad antrépica, se instalan unas
condiciones mas calidas y secas responsables igualmente,
del desarrollo del paisaje vegetal. En cuanto a la diversi-
dad, presenta los valores més bajos de todo el perfil, pero
con un intervalo de fluctuacién menor; los cambios en el
pH son poco representativos en esta zona, al contrario
que la conductividad que evoluciona desde los valores
mas bajos de la secuencia hasta casi alcanzar el valor ma-
ximo detectado en la subzona Pfi-1a, abogando por el au-
mento brusco de iones disueltos en el medio, debido al
aumento de la presion pastoral. Asi y aunque de un modo
mas atenuado que en las zonas anteriores, se repite la
pauta de pérdida de humedad asociada al aumento de
presion ganadera.

El dominio de Pinus, a lo largo de los dltimos 1.680+40
BP, no impide detectar el desarrollo de los elementos de
porte arbéreo, desarrollados a cotas latitudinales mas
bajas y cuyo comportamiento es capaz de reflejar las fluc-
tuaciones acaecidas desde el punto de vista climatico y/o
antrépico. Asi, en el seno de unas condiciones climaticas
de caracter mediterraneo, se han podido inferir variacio-
nes en la temperatura y humedad, fundamentalmente en
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base al desarrollo de taxones como Betula, taxones ripa-
rios y acudticos. Estas variaciones se producen de un
modo ciclico, definiendo las tres zonas polinicas identifi-
cadas, dentro de las cuales se aprecia el transito desde
unas condiciones mas frescas y himedas a mas templadas
y secas, y que a su vez se organizan en una tendencia ge-
neral a lo largo de la secuencia, hacia la instalacién de
unas condiciones mas célidas y secas.

Por otro lado, la evolucién de los pinares montanos de
Pinus sylvestris tipo, que muestran dentro de cada zona,
un proceso de regresion, puede interpretarse como una
respuesta a la antropizacién continuada del entorno de
Pefalara. Esta antropizacion en la alta montafia guadarra-
mica, se materializa basicamente en un aumento de la
presion pastoral, puesta de manifiesto a través del desarro-
llo de los MNPs de naturaleza copréfila (Sordaria sp. y
Sporormiella sp.) asi como del incremento de los pastiza-
les antrépicos y antropozodgenos, detectadas en la mitad
superior de cada zona polinica. Esto puede explicarse
como respuesta a la pérdida de humedad, que obliga la
busqueda de pastos en las zonas de alta montafa.

En la parte superior de la secuencia, se acentta el au-
mento de temperatura y el descenso de precipitacion, aso-
ciado a un aumento de la presion pastoral, que llega a
provocar el descenso de los pastizales de gramineas. La
expansion de los matorrales de enebros rastreros y piornos
podria igualmente explicarse bajo esta 6ptica dado que
la dispersion, al menos los piornos, es zodfila. En las sie-
rras de Gredos y Guadarrama, esta misma coincidencia
ha sido también sefnalada (Bentley, 1991; Gil Garcia,
1992; Vazquez, 1992), aunque puesta en correlacién con
procesos de incendio antrépico para eliminar el piornal
en la busqueda de claros avidos al pastoreo. Tales fuegos
habrian, a posteriori, provocado una extension mucho
mayor del piornal de la que tenia antes de los incendios,
dado su caracter piréfilo. En el caso de la secuencia PN
esta misma dinamica pudo haber actuado también en fe-
chas recientes, aunque de haber sido asi lo l6gico hubiera
sido documentar microfésiles no polinicos indicativos
precisamente de la ocurrencia de tales incendios. Sea
como fuere, la relacion entre aumento de la presion pas-
toral, deforestacion del pinary la cobertura arbérea regio-
nal, de pastizales
antropozodgenos, y, finalmente, extension del piornal, pa-

progresion los antrépicos vy

recen bastante evidentes.
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Por otro lado, las variaciones observadas en la diversidad
polinica, podrian obedecer posiblemente a la respuesta
de la vegetacion ante las perturbaciones antrépicas dis-
continuas en el drea y por ello, a techo de la secuencia,
donde la presién pastoral se acentia, se detecta un au-
mento importante de la diversidad. Finalmente, si se
atiende a las variaciones de los pardmetros fisico-quimi-
cos, frente a un pH fundamentalmente 4cido debido a la
naturaleza de la roca parental, la conductividad, interpre-
tada como la medida de la cantidad de nitratos y fosfatos
disueltos en el medio, presenta aumentos considerables
casi paralelamente al aumento de los MNPs coprofilos, y
de los pastizales antropozodgenos y nitrofilos.

4. CONCLUSIONES

El estudio polinico de un depésito higroturboso de origen
periglacial localizado en el macizo de Pefialara (Sierra de
Guadarrama, Madrid) apoyado en 7 dataciones AMS de
14C, proporciona la primera reconstruccion de alta reso-
lucién de la evolucién de la vegetacion en el drea durante
los Gltimos 1.689 afos.

Los eventos que se han identificado en el registro, por su
posicion temporal y ambito, permiten definir varios peri-
odos, en los que se infieren las variaciones climaticas, los
usos del suelo y por ende el impacto antrépico sobre el
paisaje de la zona.

El primero de ellos, desde el punto de vista cronocultural,
el inicio de la secuencia de Penalara (parte inferior de PA-
1a) se corresponderia con el imperio romano. Los roma-
nos crearon nuevas vias para el avance militar y para la
rapida explotacion econémica de las tierras conquistadas,
desarrollando una nueva ordenacién administrativa que
favoreciese sus intereses. En el caso de la Sierra de Gua-
darrama existié una red viaria romana de cierta importan-
cia (Fernandez Troyano, 1994), que permiti6 el trasiego
de ganado de corto (trasterminante) y largo recorrido (tras-
humante) durante la dominacion romana en Madrid. Los
datos polinicos y de los MNPs del perfil de Pefalara
muestran un impacto antrépico sobre el paisaje, obser-
vandose una importante deforestacion, asi como la exis-
tencia de presion pastoral local ocasionada por el trasiego
ganadero hacia los pastos de la alta montafia guadarra-
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mica en época estival, no descartandose que se viera in-
crementada por la permanencia del ganado en la zona en
periodos algo mas largos. Este es el mismo panorama que
muestran los datos polinicos de la zona de Guadarrama
en época romana, como los de Rascafria (Franco Mdgica,
1992), Puertos de Canencia y Morcuera (Gil Garcia,
1992) o Lomas de Penas Crecientes (Vazquez, 1992).
Desde el punto de vista climatico, en el seno de este in-
tervalo cronoldgico se documenta el Periodo Célido Ro-
mano (ca 250 cal BC-450 cal AD) (Desprat et al., 2003;
Dominguez Castro et al., 2006). En nuestra secuencia no
resulta facil detectar este periodo debido a la amplia an-
tropizacion del territorio, pero una primera aproximacion
permitiria relacionar cierta recuperacion, poco aparente,
de la masa arbérea como es la mayor preponderancia de
las formaciones de quercineas perennifolias (encinas en
este momento.

Seguidamente tenemos informacion para el intervalo cro-
nolégico que se corresponderia a grandes rasgos con la
Edad Media (parte superior de Ph-Ta, PA-1b y parte infe-
rior de PR-2a). La zona superior de Pii-1a corresponderia
con la época visigoda donde se aprecia una relativa
menor presion pastoral, lo que estaria refrendado por el
cambio desde el modo de vida agropecuario en el pe-
riodo romano a otro de granja dispersa (Martin, 1999 a 'y
b). Estos datos también quedan reflejados en otras secuen-
cias polinicas como en la del Puerto de Canencia y Pico
del Lobo (Gil Garcia, 1992), Hoya de Pepe Hernando
(Ruiz et al., 1988) y Pefialara (Vazquez, 1992). Desde un
punto de vista paleoclimatico corresponde a un periodo
de deterioro climético denominado Periodo Frio Altome-
dieval, entre los siglos V-VIII (Desprat et al., 2003; Domin-
guez Castro et al., 2006). La desaparicion antes
mencionada del abedul y el melojo podria ser indicativa
de este evento climatico, a lo que habria que anadir el
aumento porcentual de taxa xer6filos como Artemisia o
Cichoriodeae que se aprecia en nuestra secuencia.

La informaciéon que tenemos para el transito entre el
mundo isldmico y la posterior conquista de los cristianos,
es decir entre los siglos X y XV d.C., puede establecerse
gracias a las dataciones radiocarbénicas y se correspon-
deria con la zona PA-1b y zona inferior de la PA-2a. En di-
chas zonas existen evidencias de la existencia de trasiego
de ganado en los aledanos a la turbera por la abundancia
de hongos coprofilos de los géneros Sordaria sp., Sporor-
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miella sp. A esta fuerte presion pastoral, contribuyeron,
sin duda, los privilegios que otorgé la Mesta, favoreciendo
el incremento de las cabafas ganaderas y las vias de paso
de varias cafadas reales por las inmediaciones del dep6-
sito. Esta nada despreciable presién pastoral también se
observa en las secuencias del Puerto de Morcuera (Gil
Garcia, 1992), Pefalara, Lomas de Pefias Crecientes y
Hoyos de Pinilla (Vazquez, 1992) y Rascafria (Franco M-
gica, 1995). En todas estas secuencias se deduce que las
épocas isldmica y cristiana fueron claves para el mode-
lado del paisaje natural en la zona, por la intensa activi-
dad ganadera que entonces se produjo y que
practicamente se mantiene de forma mds o menos conti-
nua aunque con diferente intensidad hasta nuestros dias.

A nivel paleoclimatico, la dominacién musulmana coin-
cidiria con el denominado Periodo Frio Altomedieval, ya
comentado. En cuanto a la época cristiana coincidié con
un periodo ciertamente benigno, conocido como Periodo
Calido Bajomedieval (Desprat et al., 2003; Dominguez
Castro et al., 2006) entre los siglos X-XIV, que podria re-
lacionarse con la proliferacion de abedul y del roble me-
lojo que observamos en la zona Pi-2a.

En el Gltimo intervalo cronolégico correspondiente a la
Edad Moderna y Contemporanea que queda representado
en la parte superior de Pi-2a, Pi-2b, Pii-3a y Ph-3b se
puede ver como la regién sufrié in incremento paulatino
de la presién ganadera llegando a su maxima expresion
en los niveles mas superficiales (Pii-3b). La vocacion ga-
nadera de la Sierra de Guadarrama, en época moderna y
contemporanea se aprecia con claridad por el importante
desarrollo de los MNPs indicativos de presion pastoral.
Estos resultados coinciden plenamente con los datos ob-
tenidos en el resto de secuencias polinicas estudiadas en
dicha sierra (Franco Mdgica, 1995, Gil Garcia, 1992, Vaz-
quez, 1992). Desde el punto de vista climatico se ha po-
dido reconocer un evento importante como es el
denominado Pequena Edad de Hielo (PEH) (ca 1400-1850
cal AD) (Desprat et al., 2003; Dominguez Castro et al.,
2006; Gil Garcia et al., 2006) que ha sido descrita tam-
bién en algunas secuencias polinicas de la Sierra de Gua-
darrama (Gil Garcia, 1992; Vazquez, 1992). En nuestra
secuencia, las fechas disponibles de 275+30 BP (zona Pf-
2b) y 80+40 BP (zona Pi-3a) permiten claramente definir
el marco temporal de la PEH entre ambas, que se mani-
fiesta por numerosas fluctuaciones en el porcentaje de
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Pinus sylvestris tipo y Poaceae, como respuesta posible-
mente a las oscilaciones climaticas. A lo que habria que
anadir la relativa abundancia de Artemisia, la desapari-
cion del aliso, abedul, castano y fresno y la reduccion del
melojo.

El estudio de caracter polinico de alta resolucién, llevado
a cabo en la secuencia PN, procedente de un dep6sito hi-
groturboso del Macizo de Pefialara, ha permitido inferir
algunos hechos relevantes durante los Gltimos 1.680+40
BP, podemos establecer las siguientes conclusiones:

e El andlisis paleopalinolégico unido al estudio de los
MNPs nos ha permitido establecer con precision tanto
la cronologia como la tipologia de las actividades antr6-
picas sobre el paisaje asi como su posible relacion con
eventos climaticos abruptos de corta duracion.

e Los principales eventos antrépicos en Pefalara se rela-
cionan con el establecimiento de cabafas ganaderas y
la presion pastoral creciente, y, finalmente, con la ex-
plotacién maderera en épocas mas recientes. La antro-
pizacion continuada ha dejado su huella en la
configuracion de un paisaje manipulado y transformado
por la mano del hombre.

e Ha quedado establecido la importancia de las forma-

ciones de pinos y melojos en la zona, que progresiva-
ha debido
fundamentalmente a la notable actividad antrépica,

mente se visto  diezmadas,
pero sin descartar la influencia de las variaciones cli-

maticas detectadas.

e Las variaciones en la diversidad polinica, observadas en
el andlisis de rarefaccién, parecen estar relacionadas
con perturbaciones de cardcter antrépico como res-
puesta a la influencia del hombre en el paisaje vegetal

e Las fluctuaciones detectadas en las medidas electroqui-
micas estan directamente relacionadas con los cambios
sufridos en la vegetacion y en los usos del suelo.

e Se han podido detectar los eventos climaticos del final
del Holoceno que son similares a los registrados en
otras areas de la Peninsula Ibérica (Periodo célido Ro-
mano, Periodo Frio Altomedieval, Periodo Céalido Bajo-
medieval, Pequena Edad de Hielo). Si bien estas
fluctuaciones climaticas han quedado en cierta manera
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enmascaradas por la interferencia de las actividades an-
tropicas, puede decirse que se manifiestan de un modo
ciclico, con una tendencia general es hacia condiciones
cada vez mds seco.

e Los datos obtenidos en nuestro estudio ponen de mani-
fiesto que el paisaje actual debe explicarse no sélo por
factores climaticos y geograficos (topografia y vegeta-
cién), sino también humanos, como evolucion de la es-
tructura de la propiedad o los cambios de uso del
territorio.
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Resumen

Se presentan los resultados preliminares del andlisis palinolégico de la turbera de El Payo (Salamanca, Espana), situada en el sector
occidental del Sistema Central en la Peninsula Ibérica. La datacién obtenida para la base es de 3.825 cal BP. La vegetacién dominante
hasta fechas muy recientes es el abedular de Betula alba, lo que supone una clara transicion entre los robledales mas himedos de la
Serra da Estrela y los pinares-abedulares mas continentales de la Sierra de Béjar. Se describe el impacto de las actividades humanas
y se discute la presencia de especies relictas eurosiberianas como el castafio, el roble carballo, el tejo o el olmo, y otras menciona-
das en el drea como el haya, el tilo o el carpe.

Palabras clave: Paleopalinologia, Holoceno, Paleofitogeografia, Sierra de Gata, Caceres, Salamanca, Espafa.

Abstract

[Vegetation changes in Sierra de Gata (Cdceres-Salamanca, Spain) over Late Holocene. Biogeographic implications] Preliminary re-
sults are presented on the pollen analysis of El Payo mire (Salamanca, Spain), located in the western sector of the Central System of
the Iberian Peninsula. The date obtained at the base is 3825 cal BP. Vegetation until recent times has been dominated by birch (Betula
alba) forest, which shows a clear transition between more humid oak forests from Serra da Estrela and more continental pine-birch
forests from Béjar mountain range. The impact of human activities is described and the presence of eurosiberian relic species in the
pollen diagram like sweet chestnut, pedunculate oak, yew or elm, and in the area like beech, lime and hornbeam is discussed.

Keywords: Palaeopalynology, Holocene, Palaeophytogeography, Gata Range, Caceres, Salamanca, Spain.

1. INTRODUCCION da Estrela, en Portugal (Janssen & Woldringh, 1981; van

den Brink & Janssen, 1985; van der Knapp & van Leeu-
Los trabajos paleopalinolégicos realizados en el sector oc- wen, 1994, 1995, 1997) y en la Sierra de Béjar (Atienza,
cidental del Sistema Central de la Peninsula Ibérica son 1983). También se han estudiado un buen ndmero de de-
numerosos, aunque se han centrado sobre todo en la Serra positos en la Sierra de Gredos (e.g. Dorado, 1993; An-
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drade, 1994; Franco Mugica, 1995), en la Sierra de Gua-
darrama (e.g. Gil Garcia, 1992; Vazquez, 1992; Ruiz del
Castillo, 1993; Franco Mdgica, 1995) y en la Sierra de
Aylléon (Gil Garcia, 1992; Franco Mdgica, 1995; Franco
Mdgica et al., 2001). Sin embargo, son escasos los estu-
dios tanto en la vertiente meridional del Sistema Central
(Lépez Saez et al., 1997) como en extensas areas occi-
dentales, especialmente en la Sierra de Francia (Atienza,
1993; Lépez Jiménez & Lépez Saez, 2005), y, mas concre-
tamente, en la Sierra de Gata, en la que hasta la fecha no
se ha acometido ningln trabajo.

La situacién de la turbera de El Payo (Fig. 1), junto al
Puerto de Santa Clara, que separa ambas vertientes de la
Sierra de Gata, y la localizacién de esta sierra entre las
Sierras da Estrela al oeste y la de Béjar-Francia al este, pro-
porcionan un interesante marco de estudio para una
mejor comprension del gradiente oceanidad-continenta-
lidad que, de occidente a oriente, determina la fisonomia
de los bosques del Sistema Central (Peinado Lorca &
Rivas-Martinez, 1987; Franco Mugica, 1995; Costa Teno-
rio et al., 1997). De este modo, en el periodo Subboreal,
dominan los robledales en la Serra da Estrela, se observa
la codominancia de pinos y abedules en la Sierra de Béjar,
el dominio de los pinos en las Sierras de Gredos y Gua-

Figura 1. Situacién del drea de estudio.
Figure 1. Location of study area.
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darrama (Franco Mugica, 1995) y, en el sector mas orien-
tal, la Sierra de Ayllén, se da una codominancia entre el
pinar y el melojar (Gil Garcia, 1992).

El drea de estudio anade a este importante interés bioge-
ografico la presencia actual de especies relictas, situadas
en el limite de su area de distribucién. El interés es aln
mayor cuando en las sierras aledafas, como la Serra da
Estrela y la Sierra de Béjar, se han encontrado en el regis-
tro paleopalinolégico holoceno especies desaparecidas
en la regién como Fagus, Carpinus o Tilia (van den Brink
& Janssen, 1985; Atienza, 1993; Pulido et al., 2007), o por
la explicacion de antiguas citas en la zona sobre la pre-
sencia de Fagus sylvatica (Rivas Mateos, 1898).

2. MARCO GEOGRAFICOYY FiSICO

La turbera de El Payo (Fig.1) se encuentra muy préxima al
Puerto de Santa Clara, que separa las provincias de Cace-
res y Salamanca (UTM: 29TPE 689552/4458271), en el
sector salmantino de la Sierra de Gata, a 1.000 m de alti-
tud, junto al cauce del Arroyo del Mostajo, que, junto con
otros cauces de pequena entidad, forman el rio de Payo,
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tributario del rio Agueda que, tras pasar por Ciudad Ro-
drigo (Salamanca), desemboca en el rio Duero.

La Sierra de Gata se encuentra en el sector occidental del
Sistema Central, entre la Sierra de la Pefia de Francia y la
Serra da Estrela, ya en Portugal, que constituye el macizo
mas occidental de la cordillera. Supone el limite adminis-
trativo entre las provincias de Salamanca y Caceres, entre
Espafia y Portugal, y, como el resto del Sistema Central,
la divisoria de las cuencas del Duero y del Tajo.

Los materiales geoldgicos dominantes son los granitos y
las pizarras precambricas, dispuestos en bandas paralelas
de orientacion NO-SE, que se fracturan en direccién NE-
SO facilitando la formacién de las diversas cuencas que
vierten a uno u otro lado del macizo (IGME, 1982; San-
chez del Corral, 1994). Comparte con el resto del Sistema
Central la diferente altitud del nivel de base en sus ver-
tientes septentrional y meridional, aunque presenta una
menor media altitudinal, situada aproximadamente en
1.000 m, con cotas maximas de 1.523 m (Bolla Grande)
y de 1.493 m (Jalama).

La estacion meteorologica mas proxima al drea de estu-
dio, Navasfrias, en la provincia de Salamanca, situada a
902 m de altitud, sefiala una temperatura media anual de
11,3°C y una precipitacién anual de 1.263 mm anuales,
lo que situaria el drea de estudio en el piso bioclimético
supramediterraneo inferior con un ombroclima hdmedo
(Peinado Lorca & Rivas-Martinez, 1987). El régimen de
los vientos dbregos hace que se produzca un notable in-
cremento de la precipitacién en las dreas mas orientales
y occidentales del Sistema Central, por lo que la Sierra de
Gata se sitGia entre las dreas mas himedas de la cordillera.

El caracter fronterizo de la Sierra de Gata se refleja clara-
mente en su vegetacion, ya que se sitda en el limite de las
provincias corolégicas Carpetano-lbérico Leonesa y Luso-
Extremadurense, y se enriquece con numerosos elemen-
tos atlanticos resultado de la influencia ocednica que
supone su situacién geografica (Peinado Lorca & Rivas-
Martinez, 1987).

La vegetacion potencial esta constituida por melojares ha-
medos de la Holco mollis-Quercetum pyrenaicae (Peinado
Lorca & Rivas-Martinez, 1987), caracteristicos de este piso
en el sector mas occidental del Sistema Central, que se si-
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tdan, en las vertientes meridionales, por encima de los
melojares subhimedos luso-extremadurenses de la Ar-
buto unedonis-Quercetum pyrenaicae, y en las septentrio-
nales, por encima de los melojares subhimedos
carpetano-leoneses de la Genisto falcatae-Quercetum
pyrenaicae. Es caracteristica la presencia de elementos
atlanticos como Linaria triornitophora, Erythronium dens-
canis, Physospermum cornubiense, Omphalodes nitida,
Simethis planifolia, etc., que se anaden a los procedentes
de las formaciones de cada una de las provincias corol6-
gicas citadas. Las orlas arbustivas estan dominadas por
Genista florida y Cytisus striatus o, sobre suelos con menor
capacidad de retencion hidrica, por Cytisus multiflorus y
Echinospartum ibericum. En los brezales seriales la espe-
cie principal es Erica australis.

En la actualidad el drea de estudio se encuentra dentro de
un melojar degradado por la actividad ganadera, préximo
a recientes repoblaciones de Pinus sylvestris. En las zonas
de mayor altitud el paisaje esta dominado por el matorral,
en el que destacan las distintas formaciones de Echinos-
partum ibericum, Cytisus oromediterraneus, C. striatus y
Erica australis. Junto a los cauces se desarrollan alisedas
abiertas entre las que alin podemos observar ejemplares
aislados de Betula alba, quiza vestigios de antiguos abe-
dulares que cubririan amplias extensiones de la Sierra de
Gata.

En la vertiente meridional del Puerto de Santa Clara se en-
cuentra el célebre castafiar de O’Soitu, que alberga otras
especies lefiosas como Quercus robur, llex aquifolium,
Sorbus latifolia, Ulmus glabra y una enorme variedad de
herbaceas que pueden considerarse relictos de caracter
eurosiberiano (Pulido et al., 2007), junto a elementos
luso-extremadurenses como Arbutus unedo, Viburnum
tinus, Cytisus multiflorus, etc.

3. MATERIAL Y METODOS

El sondeo de la turbera de El Payo se realizé mediante una
sonda rusa de 5 cm de didmetro, con la que se obtuvo un
testigo sedimentario de 100 cm de profundidad, por de-
bajo de la cual aparecian niveles de arenas y gravas. Las
muestras para analisis polinico se estudiaron con un grado
de resolucion de 5 cm, por lo que se sometieron a anali-
sis polinico 20 muestras en dicha turbera.
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Se ha efectuado una caracterizacion de la turbera de El
Payo (Fig. 2) en funcién del tipo de sedimentos presentes
en la muestra, con el fin de aclarar determinados aconte-
cimientos relevantes en su formacién y, por ende, en la
evolucion del paisaje de su entorno, para lo que se ha uti-
lizado el sistema de Aaby & Berglund (1986), en el que se
describen las turberas en funcién de las propiedades fisi-
cas, el grado de humificacion vy la naturaleza de los de-
positos.

En este estudio preliminar de la turbera de El Payo se ha
realizado, por el momento, una sola datacién radiocar-
boénica (AMS) en la base del testigo (100 cm.) para la que
se ha obtenido una fecha de 3.560 = 40 BP (Beta-
230841), la cual, una vez calibrada por el propio labora-
torio mediante la curva INTCALO4 (Reimer et al., 2004),
ofrece una fecha media, en el intervalo de mayor proba-
bilidad, de 3.825 cal BP (1875 cal BC) a 2 o (cal BP 3.970
a 3.810y cal BP 3.800 a 3.720).

El método quimico utilizado para la extraccién de polen,
esporas y microfésiles no polinicos de las muestras ha

Figura 2. Esquema estratigrafico de la turbera de El Payo.
Figure 2. El Payo peat bog sedimentation graphic.
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sido el clasico para este tipo de sedimentos (Faegry & Iver-
sen, 1989; Moore et al., 1991), utilizando licor de Thou-
let para la separacion densimétrica de los microfésiles
polinicos y no polinicos (Goeury & Beaulieu, 1979). Ade-
mas, al comienzo de cada tratamiento se anadi6 a cada
muestra una pastilla de Lycopodium, elemento exégeno
usualmente empleado para poder estimar la concentra-
cién polinica (Stockmarr, 1971). El tratamiento de datos y
representacion grafica se ha realizado con ayuda de los
programas TILIA y TGView (Grimm, 1992, 2004). Para la
zonacion polinica se ha realizado una clasificacién divi-
siva con el programa CONISS (Grimm, 1987) incluido en
el paquete TILIA.

Para la elaboracion del diagrama polinico (Fig. 3) se han
excluido de la suma base (500 granos) los taxa hidro-hi-
gréfitos y los microfésiles no polinicos, considerados de
caracter local o extra-local, por lo que suelen estar sobre-
rrepresentados (Wright & Patten, 1963), aunque su por-
centaje relativo se ha calculado respecto a aquella.
También se incluye un diagrama de concentracién poli-
nica (Fig. 4) simplificado de los distintos palinomorfos y
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Figura 3. Diagrama polinico sintético de la turbera de El Payo.

Figure 3. El Payo peat bog synthetic pollen diagram.
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microfésiles no polinicos para facilitar la interpretacion
de los resultados.

4. RESULTADOS

Segln la datacién obtenida se puede afirmar que la tur-
bera de El Payo se formé hace unos 3.825 afos. En la gra-
fica de sedimentacién (Fig. 2) se observa la formacion
continua de turba desde la base del perfil, excepto en una
corta seccién de la columna, entre 62 y 72 cm., en la que
no aparece turba, sino limos.

En el diagrama polinico de la turbera (Fig. 3), mediante la
ayuda del programa CONISS, se han separado las siguien-
tes zonas:

4.1. Zona PYA (100-78 cm)

En esta zona el porcentaje de polen arbéreo es el més alto
de todo el perfil, llegando incluso al 95% a 80 cm. El
taxén dominante es Betula (40%) acompafiado en la base
por Quercus caducifolio (24%), que experimenta una
fuerte regresion hasta el 10%; y hacia el final de la zona
por Alnus, que aparece en la base para alcanzar el 31 %
final. Conviene destacar la notable presencia en esta sub-
zona de Castanea tipo, que llega a alcanzar un 2,6%; de
Pinus sylvestris tipo (1%) y de Quercus ilex tipo (<1%), asi
como la aparicién puntual de Corylus, Fraxinus, Taxus y
Ulmus. Entre las especies arbustivas destaca Erica arborea
tipo, que llega a alcanzar el 11%, junto a Cytisus tipo
(1%). También superan el 1% en esta subzona llex tipo y
Salix, mientras que, de manera mdas puntual, aparecen
Frangula alnus y Cistus tipo. Entre las herbaceas domina
Poaceae, que desciende desde el 12% inicial hasta el 2%,
acompanada de Fabaceae, Brassicaceae, Rumex acetose-
lla tipo y Apiaceae, con porcentajes en torno al 1%, y, en
menor medida, de otros taxa antropozo6genos como Ur-
tica dioica tipo, Cichorioidae, Aster tipo y Plantago sp.
Cyperaceae mantiene bajos niveles (1%) entre las hidro-
higréfitas y Pteridium aquilinum (<1%) entre los helechos.
No aparecen microfésiles no polinicos, a excepcién del
tipo 7A (Chaetomium).
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4.2. Zona PYB (78-13 cm)

A lo largo de esta zona se producen hasta tres abruptos
descensos de los niveles de polen arbéreo, con posterio-
res recuperaciones hasta llegar a un 84% final.

4.2.1. Subzona PYB1 (78-63 cm)

La curva de esta subzona se inicia con el primer gran des-
censo de polen arbéreo, que desciende hasta el 60%. Be-
tula reduce su presencia a la mitad, al igual que Quercus
caducifolio, mientras Alnus pasa del 31 al 19%. La curva
del resto de arbdreas no sufre alteraciones significativas.
Conviene destacar la presencia puntual de Taxus y Junipe-
rus tipo. Las especies arbustivas, por el contrario, aumen-
tan su representacién gracias a la expansion de Erica
arborea tipo, que alcanza el 10%. El resto de taxa man-
tiene sus niveles o los reduce significativamente como
ocurre con llex tipo y Salix. Dentro del espectacular cre-
cimiento de los niveles de polen no arbéreo, Poaceae al-
canza el 31%, acompafado de Fabaceae (2%) y Rumex
acetosella tipo (1%). El resto de taxa mantienen sus nive-
les, mientras que cabe destacar la aparicion de Artemisia,
Liliaceae y de Asphodelus albus tipo. Cyperaceae man-
tiene sus niveles, mientras que Pteridium aquilinum expe-
rimenta cierta expansion (2,4%). Entre los microfésiles no
polinicos hay que destacar la aparicion del tipo 55A (Sor-
dariaceae).

4.2.2. Subzona PYB2 (63-33 cm)

Tras una fase de recuperacion hasta los niveles previos al
acusado descenso de practicamente todos los taxa, se pro-
duce un nuevo y abrupto declive del polen arbéreo (90-
71%) entre 60 y 55 cm de profundidad. Betula reduce
significativamente sus porcentajes (33-18%) y aiin mas
Alnus (36-10%). Por el contrario, Quercus caducifolio re-
cupera sus porcentajes hasta el 10% al igual que lo hacen,
en menor medida, Quercus ilex tipo (2%) y Pinus sylves-
tris tipo (1%). En esta subzona se inicia la curva continua
de Olea europaea tipo, mientras que Castanea tipo al-
canza sus maximos (7,5%). Puntualmente aparecen Ju-
glans y Juniperus tipo y, hacia el final de esta fase, Taxus
y Ulmus. Erica arborea tipo aumenta sus valores hasta el
20%, acompafada por Cytisus tipo, Calluna vulgaris y, de
forma mas esporddica, por Cistus tipo, todos ellos con
porcentajes en torno al 1%. Comienza la curva continua



Daniel Abel Schaad, Ana M?* Herndndez Carretero, José Antonio Lopez Saez, Fernando Javier Pulido Diaz, Lourdes Lépez Merino y Antonio Martinez
Cortizas. Evolucién de la vegetacion en la Sierra de Gata (Caceres-Salamanca, Espaia) durante el Holoceno reciente. Implicaciones biogeograficas.

Figura 4. Diagrama sintético de concentracion polinica. Se muestran sombreadas las zonas de minima concentracién polinica.

Figure 4. El Payo peat bog synthetic pollen concentration diagram. Areas of minimum pollen concentration are shady shown.
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de Arbutus unedo y la desaparicion progresiva de llex
tipo. En cuanto a las herbaceas, Poaceae experimenta un
gran desarrollo (hasta el 22%), acompanada fundamen-
talmente por Fabaceae y Rumex acetosella tipo, con apro-
ximadamente el 2%. Cyperaceae experimenta un fuerte
descenso inicial (0,4%) y se va recuperando progresiva-
mente (2%), mientras que Pteridium aquilinum aparece
de forma cada vez mas puntual. Entre los microfésiles no
polinicos, el tipo 7A (Chaetomium) aparece esporadica-
mente mientras se inician las curvas continuas del tipo
55A (Sordariaceae) y del tipo 18.

Se produce una nueva y espectacular recuperacién del
polen arbéreo (92%) protagonizada por Betula (40%),
Alnus (25%) y Quercus caducifolio (12%), frente a una
acusado descenso de Erica arborea tipo (8%), Poaceae
(4%), y de practicamente todos los taxa asociados a la ac-
tividad ganadera.

4.2.3. Subzona PYB3 (33-13 cm)

Tras este episodio puntual de recuperacién arbérea vuelve
a producirse un nuevo evento de deforestacion acusada.
Descienden los porcentajes de Betula (19%) y, en menor
medida, los de Alnus (18%) y Quercus caducifolio (9%).
También se reduce la presencia del resto de taxa arbéreos:
Castanea tipo, Olea europaea tipo, Pinus sylvestris tipo
(que llega a desaparecer) y Quercus ilex tipo. Aparecen,
de forma muy puntual, Ulmus y Taxus. Por el contrario,
Erica arborea tipo alcanza sus maximos (24%). El resto de
especies arbustivas mantienen sus niveles con significa-
tiva presencia de Cistus tipo, Calluna vulgaris y Arbutus
unedo. En la misma linea, Poaceae vuelve a recuperar
altos valores (16,5%) junto al resto de taxa antropozod-
genos. Cyperaceae practicamente desaparece mientras se
da la puntual aparicién de Pteridium aquilinum. Entre los
microfésiles no polinicos, el tipo 55A retoma los valores
que habia alcanzado en la fase anterior.

La subzona finaliza con una dltima recuperacion del nivel
de polen arbéreo (hasta el 84%) liderada por Betula
(33%), Alnus (25%) y Quercus caducifolio (9%), con la
pequefia aportacién de Castanea tipo (2,5%), Olea euro-
paea tipo, Pinus sylvestris tipo y Quercus ilex tipo (en
torno al 1%). Todas las especies arbustivas reducen su pre-
sencia, especialmente Erica arborea tipo (10%), excepto
Arbutus unedo, que se mantiene en bajos niveles (<1%).
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También decae Poaceae, con varios altibajos hasta si-
tuarse en el 5%, junto al resto de herbaceas. En esta fase
se producen los maximos de Cyperaceae (5%) y se hace
continua la curva del tipo 207 (Glomus cf. fasciculatum).

4.3. Zona PYC (13-0 cm)

En esta zona se igualan los valores mas bajos de polen ar-
béreo (60%) que se produjeron al inicio de la subzona
anterior. Betula (19%) y Alnus (15%) siguen siendo las
protagonistas entre las especies arbdreas, seguidas de
Quercus caducifolio (8%). Ademas, se observan los maxi-
mos de Olea europaea tipo (5%), Pinus sylvestris tipo
(3%), y Quercus ilex tipo (2,6%). También aparece Pinus
pinea tipo (5,6%) mientras que Castanea tipo se mantiene
en bajos niveles (2,6%) y Corylus alcanza el 1%. En la
muestra mds superficial aparece Taxus. Entre las especies
arbustivas se produce cierta expansion final de Erica arbo-
rea tipo (11%) y de Cytisus tipo (1,7%), con bajos porcen-
tajes de Arbutus unedo y Salix (en torno al 1%). Poaceae
experimenta un fuerte crecimiento (24%), acompaﬁada
de Fabaceae, Apiaceae, Brassicaceae, Cichorioidae,
Rumex acetosella tipo y Urtica dioica tipo, que superan el
1%. Cyperaceae reduce sus porcentajes (2%), mientras
crecen los de Pteridium aquilinum (>1%). En esta subzona
se dan los maximos del tipo 55A y del tipo 207, asi como
la aparicién de Pseudoschizaea circula.

Respecto al diagrama de concentracién polinica (Fig. 4),
se observa un notable acontecimiento entre 72 y 62 cm
en el que se producen los minimos de concentracién po-
linica de todo el perfil. Se registra, ademas, un nuevo mi-
nimo entre 50 y 45 cm.

5. DISCUSION

5.1. El inicio de la formacion de la turbera y
la documentacion de relictos
eurosiberianos

La turbera de El Payo comenz6 a formarse hacia 3.825 cal
BP, es decir, en la segunda mitad del periodo Subboreal,
fecha muy reciente en comparacién con la época de for-
macién del resto de turberas del sector occidental del Sis-
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tema Central (Franco Mdgica, 1995). La practica totalidad
de las turberas estudiadas en la Serra da Estrela tienen su
origen en el periodo Boreal y en los inicios del Atlantico,
mientras que en la Sierra de Béjar comenzaron a desarro-
[larse algo mas tarde, a finales del periodo Boreal y en
pleno periodo Atlantico. Segln nos desplazamos hacia el
este el inicio de la formacién de las turberas del Sistema
Central va siendo mas reciente, salvo contadas excepcio-
nes. De este modo, la turbera de El Payo comenzaria a
formarse en épocas similares a las de un buen nimero de
turberas de las vertientes septentrionales de la Sierra de
Gredos, fase que parece coincidir con un periodo neogla-
cial de caracter global (Font Tullot, 1988). La escasa anti-
gliedad de la turbera estudiada puede explicarse por la
menor altitud del area de estudio respecto al resto de las
turberas occidentales, aunque no debe descartarse que la
acumulacién de turba en El Payo se haya debido a las mo-
dificaciones hidrolégicas (aumento de la escorrentia y el
encharcamiento superficial) inducidas por el aclarado de
los bosques producto de las actividades humanas en la
zona (Franco Mugica, 1995).

El paisaje estaba dominado en esas fechas por los abedu-
lares, gracias a las condiciones frias de ese periodo (Font
Tullot, 1988; Lépez Garcia, 1997; Jalut et al., 2000) y a la
influencia de la humedad derivada de su proximidad al
océano Atlantico. En la Serra da Estrela (Portugal) se pro-
ducen en esta época los minimos de Betula alba en el de-
posito de Charco da Candeira (Van der Knaap & van der
Leeuwen, 1995), mientras mantiene porcentajes similares
a los del drea de estudio en Lagoa Comprida (Janssen &
Woldringh, 1981). En la Sierra de Candelario el abedul
no supera el 6% bajo el dominio de Pinus, mientras en la
Sierra de Béjar también domina Betula, que inicia su de-
clive en favor de Pinus (Atienza, 1993)

El aumento de las temperaturas en las Gltimas fases del
periodo Subboreal (Font Tullot, 1988) habria favorecido
la potente expansién del aliso en los numerosos cauces y
vaguadas del area, que pasa de estar ausente a alcanzar
un 31 % de presencia en el diagrama polinico, fenémeno
que, a menor escala, también se produce en la misma
época en el registro de Charco da Candeira en la Serra da
Estrela (van der Knaap & van der Leeuwen, 1995). Este
fulgurante desarrollo de las alisedas discurre paralelo al
intenso declive de los robledales, en los que la participa-
cién de Quercus robur debié ser, sin duda, mucho mas

99

importante que en la actualidad. Apoya esta afirmacién
la presencia de otros elementos atlanticos como el acebo,
el tejo, el castaio, el avellano, el olmo o el arracléan, aso-
ciados en la actualidad a los bosques de roble carballo
(Costa Tenorio et al., 1997).

Los reducidos niveles de Pinus sylvestris tipo y de Quer-
cus ilex tipo no permiten pensar en su presencia local. Los
pinares presentes en el Subboreal en la Sierra de Béjar
(Atienza, 1993) y los encinares de las zonas llanas meri-
dionales parecen las dreas de distribucién mas probables
de una y otra especie.

El territorio ya sufria en esta época los primeros sintomas
de deforestacion, en detrimento sobre todo de los roble-
dales, pero también de los abedulares, para la apertura de
pastizales sobre los que se desarrolla la incipiente gana-
deria, mediante el uso del fuego, como atestigua la pre-
sencia del microfésil no polinico de ecologia carbonicola
Chaetomium (tipo 7A) (van Geel, 1978; Kuhry, 1985). El
impacto de esta actividad es moderado, lo que permite
pensar en una ganaderia no estante, sino de tipo estival o
temporal, como corresponde al tipo de uso de la transi-
cion del Calcolitico a la Edad del Bronce (Stevenson &
Harrison, 1992; Lépez Jiménez & Lopez Saez, 2005; Gil-
Romera, et al., 2008). En estas fechas el paisaje del Charco
da Candeira en la vecina Serra da Estrela (Portugal) entra
dentro de una dindmica de “bosque antropogénico” (van
der Knaap & van der Leeuwen, 1995).

La presencia del castano se observa desde la base de la
turbera de El Payo. Ademads, aparece en Lagoa Comprida
(Serra da Estrela) hacia 5770 cal BP (van der Brink & Jans-
sen, 1985) y en épocas prerromanas en la dehesa de Can-
delario, en la Sierra de Béjar (Atienza, 1993) o en la Sierra
de Francia (Lépez Jiménez & Lopez Saez, 2005), lo que
permite pensar en areas de refugio en la zona occidental
del Sistema Central para esta especie, aparte de las pro-
puestas por Krebs et al. (2004) y como corroboran otros
trabajos (Conedera et al., 2004; Benito Garzén et al.,
2007; Garcia-Amorena et al., 2007).

No se ha encontrado polen de Fagus, Carpinus vy Tilia en
la turbera de El Payo. En el caso del haya, la cuestion es
clara dada su ausencia en zonas mas occidentales, a pesar
de las citas contemporaneas de la especie en la Sierra de
Gata (Rivas Mateos, 1898) y de su localizacién en el re-
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gistro polinico de la turbera de La Garganta (Sierra de
Béjar, Caceres) (Pulido et al., 2007). Parece ser que, a
pesar de su rapida expansién por la Peninsula Ibérica du-
rante el Holoceno Medio (Costa Tenorio et al. 1990; Mar-
tinez Atienza & Morla Juaristi, 1992; Ramil-Rego et al.,
2000; Lépez-Merino et al., 2008), no lleg6 a alcanzar
estas zonas occidentales del Sistema Central antes de que
el intenso impacto de las actividades humanas dificultase
su extension (Costa Tenorio et al., 1997). No ocurre lo
mismo con el carpe, cuyo polen se ha localizado tanto en
la Sierra de Béjar entre 6000 y 4525 cal BP (Atienza,
1993) como en la Serra da Estrela entre 4940 y 3515 cal
BP (Van den Brink & Janssen, 1985). Las aridas y frias con-
diciones climaticas del evento 4,0 ka BP (4.500-4.100 cal
BP), que provocaron el declive de los taxa mesdfilos (Jalut
et al., 2000; Carrién, 2002; Arroyo et al., 2004) acabaron
con su presencia en la Sierra de Béjar. Su caracter termo-
filoy pionero (Gardner & Willis, 1999; Willis et al., 2000)
permitieron una presencia mas dilatada en el tiempo en la
Serra da Estrela, gracias a una mayor influencia ocednica.

El tilo aparece en el periodo Subboreal en la Serra da Es-
trela (Janssen & Woldringh, 1981), y en el periodo Sub-
atlantico en la Sierra de Béjar (Atienza, 1993), aunque
siempre de forma testimonial. Un estudio de mayor reso-
lucion en la secuencia de la turbera de El Payo podria fa-
cilitar su localizacion en el drea, ya que su presencia suele
ser esporadica y muy puntual en los diagramas polinicos
debido a su dispersion zodfila y a su baja produccién po-
linica (Turner, 1962; Bueno et al., 1993).

Tampoco se ha encontrado polen de cereal en la secuen-
cia, lo que parece indicar cierta lejania de las zonas aptas
para su cultivo, ya que, en cambio, aparece de forma con-
tinua desde el periodo Atlantico en la Serra da Estrela (van
der Knaap & van der Leeuwen, 1995), desde los inicios
del Subatlantico en la Sierra de Francia (Lépez Jiménez &
Lépez Saez, 2005), y de forma esporadica desde Epoca
Romana en la Sierra de Béjar (Atienza, 1993).

De este modo, nos encontramos en esta primera fase de
desarrollo de la turbera, en la segunda mitad del periodo
Subboreal, durante la Edad del Bronce, con un paisaje de
transicién entre unas condiciones mas suaves y himedas
en la Serra da Estrela, que favorecieron el desarrollo de
los robledales, y otras mas continentales en la Sierra de
Béjar que permitieron el dominio de los pinares sobre el
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abedular, siguiendo el gradiente de mayor continentali-
dad hacia el este del Sistema Central (Franco Mugica,
1995; Costa Tenorio et al., 1997). La antropizacién en las
cercanias de El Payo es moderada, consistiendo Unica-
mente en una baja presién pastoral no continuada.

5.2. El evento 2.800 cal BP y la mayor huella
antrépica durante la Edad del Hierro, la
Epoca Romana y la Edad Media

La siguiente zona viene determinada por el inicio de un
nuevo periodo, el Subatlantico, marcado por un abrupto
evento climatico ocurrido a escala planetaria, definido
por unas repentinas condiciones mds frias y himedas, que
se sitla en torno a 2.800 cal BP (Van Geel et al., 2004),
periodo en el que se datan numerosos eventos extremos,
en especial, crecidas e inundaciones en la Peninsula Ibé-
rica (Benito, 2006). En la turbera parece detectarse este
acontecimiento a pesar de la ausencia de dataciones ra-
diocarboénicas.

En este periodo se produce el minimo de concentracion
polinica del diagrama, junto con un significativo cambio
en la sedimentacién de la turbera que pasa de acumular
turba a un nivel de limos humificados, probable conse-
cuencia de la inundacién de la turbera y la deposicién de
materiales de arrastre erosionados de la cuenca.

Los abedulares y el resto de formaciones arbéreas reducen
notablemente su extension, permitiendo una gran expan-
sién de los brezales y un incremento de los pastizales.
Esta apertura de claros muestra, ademds, una clara in-
fluencia antrépica, ya que se produce una intensificacion
de los usos ganaderos, como sefalan los aumentos en los
niveles de Artemisia, Rumex acetosella tipo o del micro-
fosil no polinico de ecologia coprdfila tipo 55A (Sorda-
riaceae) (van Geel, 1978; van Geel et al., 2003), que
indicaria el establecimiento de las cabanas ganaderas in
situ (Lopez Saez et al., 2000; Lépez Sdez & Lopez Merino,
2007). En el mismo sentido, el de la apertura del paisaje,
hablan la presencia de ciertos tipos relacionados con el
uso del fuego, tales como Asphodelus albus tipo y el au-
mento de Liliaceae. Por lo tanto, asistimos en esta época
a la extension de los pastizales mediante el uso del fuego,
que favorece la instalacion de nuevas comunidades hu-
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manas en la zona, en un periodo marcado por una gran
inestabilidad climatica (Font Tullot, 1988; Desprat et al.,
2003).

En estos inicios del periodo Subatlantico la Serra da Es-
trela ya habfa sufrido una intensa deforestacion, ya que
aparecen los primeros sintomas de sobrepastoreo y los
brezales ocupan amplios espacios del paisaje (van der
Knaap & van der Leeuwen, 1995). En la Sierra de Béjar, la
deforestacién permite un postrero desarrollo de los abe-
dulares en detrimento de los pinares en las zonas altas y
de los robledales en zonas medias (Atienza, 1993).

Tras esta fase de ocupacion del territorio se produce una
intensa recuperacion del arbolado, favorecida por unas
condiciones mas himedas, tal y como indica la presencia
desde entonces del microfésil no polinico correspon-
diente a ascosporas flingicas tipo 18 (van Geel, 1978), re-
lacionado con un aumento de la humedad (Mighall et al.,
2006), y por el abandono de la actividad ganadera, ya que
desaparece el tipo 55A.

La llegada de la cultura romana cambia de nuevo la fiso-
nomia del paisaje del area de estudio. La introduccién de
nuevos cultivos arbéreos como el castafio y el olivo, y la
intensificacion de la actividad ganadera, tras el corto pe-
riodo de abandono, fueron acompanadas por una nueva
deforestacién, mas prolongada en el tiempo que la ante-
rior, que afectd sobre todo a los abedulares y a las alise-
das. Se extendieron los brezales y los pastos graminoides,
que llegaron a constituir entre ambos la mitad de la suma
base polinica en este periodo.

A este intenso impacto antrépico en Epoca Romana hay
que anadir el aumento de las temperaturas (Lépez Gar-
cia, 1997; Desprat et al., 2003). Estos dos factores unidos
provocan la sustitucién progresiva de los robledales atlan-
ticos, probablemente con mayor presencia de Quercus
robur, y con presencia de llex aquifolium en el sotobos-
que, por melojares de Quercus pyrenaica, en los que se
data a partir de estas fechas la presencia continua del ma-
drono, mas adaptados al fuego y a la accién antrépica.
Este hecho de cambio en la composicion del sotobosque
es una informacién muy valiosa a tal respecto, puesto
que, desafortunadamente, el polen de las especies cadu-
cifolias de Quercus no puede diferenciarse. También se
ven favorecidas durante este periodo mas calido otras es-
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pecies como la encina e incluso el pino silvestre, que au-
menta ligeramente su presencia en las zonas altas veci-
nas de la Sierra de Béjar (Atienza, 1993). También el
matorral va cambiando su composicién, lo que indica una
creciente degradacién de los suelos, con una mayor pre-
sencia de brecina, jaras y jaguarzos y una probable susti-
tucion de Erica arborea por Erica australis.

La actividad ganadera es mas continua y sostenida en el
tiempo, como indica la continuidad de la curva de Sorda-
riaceae (tipo 55), lo que favorecié la extension de pastos.
Asi lo sefiala el incremento y la continuidad de las curvas
de practicamente todos los taxa antropozo6genos asocia-
dos a tal actividad, ademas de la utilizacion, también rei-
terada, del fuego, como indica Chaetomium (tipo 7A). Se
trata de un cambio sincrénico en todas las secuencias li-
mitrofes al area de estudio, aunque varia la intensidad de
la accién antrépica en cada una de ellas. En Serra da Es-
trela las formaciones arbéreas se sittan por debajo del
30%, con una extensiéon de los brezales de hasta el 35%
(van der Knaap & van der Leeuwen, 1995), mientras que
la intensidad deforestadora es menor en las Sierras de
Béjar y Francia (Atienza, 1993) donde el arbolado nunca
retrocede por debajo del 50%, al igual que ocurre en la
Sierra de Gata.

Tras una nueva etapa de regeneracién del arbolado como
consecuencia del abandono de las actividades agrogana-
deras y de unas condiciones mas frias e inestables, corres-
pondientes al Episodio Frio Altomedieval (Font Tullot,
1988) o “Dark Ages” (Desprat et al., 2003), en la que apa-
recen de forma puntual olmos vy tejos, se produce un
nuevo evento deforestador que coincide, con toda proba-
bilidad, con la época de las repoblaciones-colonizacio-
nes de los reinos cristianos en el inicio del Il milenio AD,
favorecidas por las éptimas condiciones climaticas del
Episodio Calido Medieval (Desprat et al., 2003). Esta fase
se corresponde con la destruccién del bosque en Serra da
Estrela (van der Knaap & van der Leeuwen, 1995) y con el
Segundo Periodo Agricola en la Sierra de Béjar (Atienza,
1993). Ambas tienen en comun un acusado declive de las
formaciones arbéreas y la extension de brezales y pastiza-
les.

En nuestra zona de estudio se reduce el area de todas las
formaciones arboreas hasta los niveles de deforestacion
que se alcanzaron en Epoca Romana, por lo que se sigue
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manteniendo una mayor cobertura arbérea que en las sie-
rras adyacentes. Sin embargo, hay que destacar el espec-
tacular avance de los brezales y, en menor medida, de los
jarales, y no tanto de los pastizales, probablemente de-
bido al uso como estivaderos de las zonas aledafias a la
turbera. Apoyando los indicios de esta mayor huella antré-
pica durante la Edad Media, se observa también en esta
fase un incremento de los cultivos de castafio y olivo.

Tras esta fase de deforestacion se produce una nueva
etapa de regeneracion arbérea, protagonizada casi en ex-
clusiva por el caracter pionero (David & Barbero, 1995) y
la gran capacidad de regeneracién frente a los incendios
del abedul (Costa Tenorio et al., 1997), que recupera te-
rreno frente a los brezales, favorecido quiza por las con-
diciones més frias de la Pequefia Edad del Hielo
(Manrique & Fernandez-Cancio, 2000; Mauquoy et al.,
2002).

5.3. Las caracteristicas del paisaje subactual y
la intensificacion del impacto humano

La zona mas superficial de la turbera se caracteriza por
nuevos minimos en la cobertura arbérea, a pesar de las re-
poblaciones realizadas con pinos y la expansién de la en-
cina y de los cultivos del olivo y, en menor medida, del
castano.

Tanto el abedul como el aliso registran sus minimos por-
centuales en todo el diagrama. En el caso del abedul po-
demos afirmar que es en esta fase mds reciente cuando se
da el paso de formaciones boscosas de abedular hacia co-
munidades de caracter mas ripario en compaiifa del aliso,
el sauce, el avellano o el fresno, tal y como podemos ob-
servar en la actualidad. Conviene recordar que esta situa-
cién se da hacia el final del periodo Subboreal tanto en la
Serra da Estrela (Van der Brink & Janssen, 1985; Janssen &
Woldringh, 1981) como en la Sierra de Béjar (Atienza,
1993), por lo que la pervivencia de los abedulares en la
Sierra de Gata es muy posterior.

Las repoblaciones de pino se realizaron a costa de los ex-
tensos brezales que, si bien reducen su area inicialmente,
vuelven a recuperar sus niveles junto con una notable ex-
pansion de los escobonales, favorecidos por la apertura
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de claros en los bosques. Queda patente también la in-
tensa erosion provocada por las tareas de repoblacién a
gran escala, como atestiguan los indicadores de procesos
erosivos Pseudoschizaea circula y Glomus cf. fascicula-
tum (van Geel et al., 1989; Pantaleén-Cano et al., 1996),
asi como la desaparicion de los madrofios en la compo-
sicion del matorral. También en esta Gltima zona polinica,
los pastizales alcanzan su maximo desarrollo, asi como
los indicadores de actividad ganadera anteriormente co-
mentados y los taxa asociados a esta actividad, lo que de-
nota una ganaderia de tipo estante en las inmediaciones
de la turbera, tal como ocurre en la actualidad

6. CONCLUSIONES

— La turbera de El Payo comenzé a formarse en la segunda
mitad del periodo Subboreal, ca. 3.825 cal BP, época
en la que ya se observa cierta actividad antrépica ba-
sada en la ganaderfa.

— La formacién vegetal dominante hasta épocas muy re-
cientes ha sido el abedular, mientras que los robledales
de Quercus robur debieron ser mas abundantes que en
la actualidad, aunque desempefiaron un papel secunda-
rio. En la actualidad los abedules s6lo aparecen aislados
asociados a enclaves himedos. Pinares y encinares tu-
vieron un caracter regional, hasta el desarrollo de las
repoblaciones contemporaneas.

A lo largo del perfil de la turbera pueden datarse, de
forma relativa, acontecimientos climaticos extremos
como el evento 2.800 cal BP e intensos impactos an-
trépicos, especialmente los producidos en cronologia
romana y la época de expansién de los reinos cristia-
nos en el medioevo. Todos ellos han dejado su huella en
el registro fésil en forma de deforestacion, sobre todo
mediante el uso del fuego para la apertura de claros que
permitieron el desarrollo de los pastizales y la instala-
cién de cultivos, principalmente castafos y olivos.

La mayor intensidad de las actividades humanas ha ocu-
rrido en los Gltimos siglos, en los que el bosque se en-
cuentra completamente aclarado y el matorral domina
en las zonas altas.

— La Sierra de Gata supone un area de transicion entre la
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Serra da Estrela y las Sierras de Béjar y Francia en el gra-
diente de oceanidad-continentalidad de oeste a este que
presenta el Sistema Central, con unas caracteristicas de
alta humedad y baja temperatura que favorecen el des-
arrollo de los abedules, frente a la mayor termicidad es-
trellense que permite la expansién de los robledales, y
la mayor aridez bejarana que facilita el establecimiento
de los pinares montanos.

Aunque no puede diferenciarse la morfologia del grano
de polen de las distintas especies de roble, a lo largo de
la secuencia parece producirse la sustitucién de los ro-
bledales mas atlanticos de roble carballo, acompana-
dos de acebo, por melojares acompanados de madrofio,
favorecida por el ascenso de las temperaturas durante
el Periodo Célido Romano y por el uso del fuego aso-
ciado secularmente a las actividades humanas.

No se han encontrado muestras de polen de Fagus, Car-
pinus o Tilia en la secuencia, por lo que se emprendera
un estudio de mayor resolucién para aclarar esta situa-
cién. Otros taxa como Ulmus, Corylus o Taxus presen-
tan un caracter testimonial.

La presencia de polen de castaiio previa a la ocupa-
cién romana en esta turbera, asi como en depdsitos pro-
ximos, permite pensar en la posibilidad de un area de
refugio para esta especie en el sector occidental del Sis-
tema Central.

7. BIBLIOGRAFIA

Aaby, B. y Berglund, B.E. 1986. Characterization of peat and lake depo-
sits. En: Berglund, B.E. (Ed.), Handbook of Holocene Palaeoecology
and Palaeohydrology, John Wiley & Sons Ltd., Chichester, 231-246.

Andrade, A. 1994. Dindmica de la vegetacion durante los dltimos 3.000
BP en las Sierras de la Paramera, La Serrota y Villafranca (Avila) a par-
tir del andlisis polinico. Tesis Doctoral, Universidad de Alcala de He-
nares, Alcald de Henares.

Arroyo, )., Carrién, J.S., Hampe, A. y Jordano, P. 2004. La distribucién de
las especies a diferentes escalas espacio-temporales. En: Valladares,
F. (Ed.), Ecologia del bosque mediterraneo en un mundo cambiante.
Ministerio de Medio Ambiente, Madrid, 27-67.

Atienza Ballano, M. 1993. Evolucion del paisaje vegetal en las Sierras
de Béjar y Francia durante el Holoceno, a partir del andlisis polinico.
Tesis Doctoral, Universidad de Alcald de Henares, Alcald de Hena-
res.

Benito, G. 2006. Riesgos de inundaciones: tendencias histéricas y pers-

103

pectivas de acuerdo con el cambio climético. Cuaternario y Geomor-
fologia, 20(3-4), 29-44.

Benito Garzén, M., Sanchez de Dios, R. y Sainz Ollero, H. 2007. Pre-
dictive modelling of tree species distributions on the Iberian Penin-
sula during the Last Glacial Maximum and Mid-Holocene.
Ecography, 30, 120-134.

Bueno, A., Vera, M.L. y Fernandez, M.A. 1993. Estudio palinolégico del
género Tilia L. (Tiliaceae) en la Cornisa Cantdbrica. Anales de la Aso-
ciacion de Palinélogos de Lengua Espafola, 6, 51-57.

Carrién, J. S. 2002. Patterns and processes of Late Quaternary environ-
mental change in a montane region of southwestern Europe. Quater-
nary Science Reviews, 21, 2047-2066.

Conedera, M., Krebs, P., Tinner, W., Pradella, M. y Torriani, D. 2004. The
cultivation of Castanea sativa (Mill.) in Europe, from its origin to its di-
fusién on a continental scale. Vegetation History and Archeobotany,
13, 161-179.

Costa Tenorio, M., Garcia Antén, M., Morla Juaristi, C. y Sainz Ollero,
H. 1990. La evolucién de los bosques de la Peninsula Ibérica: una in-
terpretacion basada en datos paleobiogeogréficos. Ecologia, Fuera
de serie, 1, 31-58.

Costa Tenorio, M., Morla Juaristi, C. y Sainz Ollero, H. (Eds.) 1997. Los
bosques ibéricos. Una interpretacion geobotanica. Planeta, Barce-
lona.

David, F. y Barbero, M. 1995. De I'histoire du genre Betula dans les
Alpes Francaises du Nord. Review of Palaeobotany and Palynology,
89, 455-467.

Desprat, S., Sdnchez Goiii, M.F. y Loutre, M.F. 2003. Revealing climatic
variability of the last three millennia in northwestern Iberia using po-
llen influx data. Earth and Planetary Science Letters, 213, 63-78.

Dorado, M. 1993. Evolucién de la vegetacion durante el Holoceno en el
Valle de Amblés (Avila). Tesis Doctoral, Universidad de Alcald de He-
nares, Alcala de Henares.

Faegri, K. e Iversen, J. 1989. Textbook of Pollen Analysis. 4t Edn. John
Wiley & Sons, Chichester.

Font Tullot, I. 1988. Historia del clima de Espana. Cambios climaticos y
sus causas. Instituto Nacional de Meteorologia, Madrid.

Franco Mugica, F. 1995. Estudio palinoldgico de turberas holocenas en
el Sistema Central: reconstruccion paisajistica y accion antropica.
Tesis Doctoral, Universidad Auténoma, Madrid.

Franco Mdgica, F., Garcia Antdn, M., Maldonado Ruiz, J., Morla Juaristi,
C. y Sainz Ollero, H. 2001. Evolucién de la vegetacion en el sector
septentrional del Macizo de Ayllén (Sistema Central). Andlisis poli-
nico de la turbera de Pelagallinas. Anales del Jardin Boténico de Ma-
drid, 59 (1), 113-124.

Garcia Amorena, |, Gémez Manzaneque, F., Rubiales, .M., Granja,
H.M., Soares de Carvalho, G. y Morla, C. 2007. The Late Quaternary
coastal forests of western Iberia: A study of their macroremains. Pa-
laeogeography, Palaeoclimatology, Palaeoecology, 254, 448-461.

Gardner, A. R. y Willis, K.J. 1999. Prehistoric farming and the postgla-
cial expansion of beech and hornbeam: a comment on Kdster. The
Holocene, 9(1), 119-122.

Gil Garcia, M.J. 1992. Dindmica de la paleovegetacion en el sector
oriental del Sistema Central espafiol durante el Holoceno, en base al



Revista Espafiola de Micropaleontologia / v. 41/ n° 1-2 / 2009

andlisis polinico. Implicaciones climdticas. Tesis Doctoral, Universi-
dad de Alcala de Henares, Alcald de Henares.

Gil Romera, G., Garcia Antén, M. y Calleja, J.A. 2008. The late Holocene
palaeoecological sequence of Serrania de las Villuercas (southern
Meseta, western Spain). Vegetation History and Archaeobotany, 17,
653-666.

Goeury, C.y Beaulieu, J. L. de 1979. A propos de la concentration du po-
llen a I'aide de la liqueur de Thoulet dans les sédiments minéraux. Po-
llen et Spores, 21, 239-251.

Grimm, E.C. 1987. Coniss: a Fortran 77 program for stratigraphically
constrained cluster andlisis by the method of incremental sum of
squares. Computers & Geosciences, 13 (1), 13-35.

Grimm, E.C. 1992. Tilia, version 2. Springfield. IL 62703. USA: Illinois
State Museum. Research and Collection Center.

Grimm, E.C. 2004. TGView. lllinois State Museum, Springfield.

IGME, 1982. Plasencia. Mapa Geoldgico de Espaiia, E. 1:200.000. Mi-
nisterio de Industria, Servicio de Publicaciones, Madrid.

Jalut, G., Amat, A.E., Bonnet, L., Gauquelin, T. & Fontugne, M. 2000.
Holocene climatic changes in theWestern Mediterranean, from
south-east France to south-east Spain. Palaecogeography, Palaeoclima-
tology, Palaeoecology, 160, 255-290.

Janssen, C. y Woldringh, R.E. 1981. A preliminary radiocarbon dated
pollen sequence from the Serra da Estrela, Portugal. Finisterra, 16
(32), 299-309.

Krebs, P., Conedera, M., Pradella, M., Torriani, M., Felber, D. y Tinner, W.
2004. Quaternary refugia of the sweet chesnut (Castanea sativa Mill.):
an extended palynological approach. Vegetation History and Arche-
obotany, 13, 145-160.

Kuhry, P. 1985. Transgression of a raised bog across a coversand ridge
originally covered with an oak-lime forest. Palaeoecological study of
a Middle Holocene local vegetational succession in the Amstven
(northwest Germany). Review of Palaeobotany and Palynology, 44,
303-353.

Lépez Garcia, P. (Ed.) 1997. El Paisaje Vegetal de la Comunidad de Ma-
drid durante el Holoceno Final. Serie Arqueologia, Paleontologia y
Etnografia, Monografico 5, Consejeria de Educacién y Cultura de la
Comunidad de Madrid, Madrid.

Lépez Jiménez, O. y Lopez Sdez, J.A. 2005. Paleoambiente y formacion
de los paisajes antiguos de la comarca de la Sierra de Francia (Sala-
manca, Espafia): de la estructura social a la creacién del paisaje. Co-
nimbriga, 44, 5-24.

Lépez-Merino, L., Lépez Sdez, J.A., Ruiz Zapata, M.B. y Gil Garcia, M.].
2008. Reconstructing the history of beech (Fagus sylvatica L.) in the
north-western Iberian Range (Spain): From Late-Glacial refugia to the
Holocene anthropic-induced forests. Review of Palaeobotany and
Palynology, 152, 58-65.

Lépez Saez, J.A., Lépez Garcia, P. y Macias Rosado, R. 1997. Accién
antrépica y reconstruccién de la vegetacién durante el Holoceno re-
ciente en el valle del Tiétar, Sierra de Gredos (Avila). Cuaternario y
Geomorfologia, 11, 43-54.

Lépez Saez, J.A. y Lépez Merino, L. 2007. Coprophilous fungi as a
source of information of anthropic activities during the Prehistory in

the Amblés Valley (Avila, Spain): the archaeopalynological record.
Revista Espafiola de Micropaleontologia, 39 (1-2), 103-116.

Lopez Séez, J.A., van Geel, B. y Martin Sanchez, M. 2000. Aplicacién de
los microfésiles no polinicos en Palinologia Arqueolégica. En: Oli-
veira Jorge, V. (Ed.), Contributos das Ciéncias e das Technologias para
a Arqueologia da Peninsula Ibérica, Actas 3° Congresso de Arqueolo-
gia Peninsular, vol. IX. Adecap, Oporto, 11-20.

Manrique, E. y Fernandez-Cancio, A. 2000. Extreme climatic events in
dendroclimatic reconstructions from Spain. Climatic Change, 44,
123-138,

Martinez Atienza, F. y Morla Juaristi, C. 1992. Aproximacioén a la Paleo-
corologia Holocena de Fagus en la Peninsula Ibérica a través de datos
paleopolinicos. Investigaciones Agrarias, Fuera de serie, 1, 135-145.

Mauquoy, D., van Geel, B., Blaauw, M. y van der Plicht, J. 2002. Evi-
dence from northwest European bogs shows ‘Little Ice Age’ climatic
changes driven by variations in solar activity. The Holocene, 12 (1),
1-6

Mighall, T., Martinez Cortizas, A., Biester, H. y Turner, S.E. 2005. Proxy
climate and vegetation changes during the last five millennia in NW
Iberia: pollen ad non-pollen palynomorph data from two ombrotro-
phic peat bogs in the North Western Iberian Peninsula. Review of Pa-
laeobotany and Palynology, 141, 203-223.

Moore, P. D., Webb, J. A. y Collinson, M. E. 1991. Pollen analysis. Black-
well Scientific Publications, Londres.

Pantale6n-Cano, L., Pérez-Obiol, R., YII, E.I. y Roure, J.M. 1996. Signi-
ficado de Pseudoschizaea en secuencias sedimentarias de la vertiente
mediterranea de la Peninsula Ibérica e islas Baleares. En: Ruiz Za-
pata, M.B. et al. (Eds.), Estudios Palinoldgicos, XI Simposio de palino-
logia (A.P.L.E.). Universidad de Alcala de Henares, Alcald de
Henares, 101-105.

Peinado Lorca, M. y Rivas-Martinez, S. (Eds.). 1987. La vegetacion de
Espafa. Coleccién Aula Abierta, Universidad de Alcald de Henares,
Alcald de Henares.

Pulido, F,, Sanz, R., Abel, D., Ezquerra, J., Gil, A., GonZzélez, G., Hernan-
dez, A., Moreno, G., Pérez, )., y Vazquez, F. 2007. Los bosques de
Extremadura, evolucién,ecologia y conservacion. Junta de Extrema-
dura. Mérida.

Ramil-Rego, P., Rodriguez Guitian, M.A., Mufioz Sobrino, C. y Gomez-
Orellana, L. 2000. Some considerations about the postglacial history
and recent distribution of Fagus sylvatica in the NW Iberian Penin-
sula. Folia Geobotanica, 35, 241-271.

Reimer, PJ., Baillie, M.G.L., Bard, E., Bayliss, A., Beck, J.W., Bertrand,
C.J.H., Blackwell, P.G., Buck, C.E., Burr, G.S., Cutler, K.B., Damon,
P.E., Edwards, R.L., Fairbanks, R.G., Friedrich, M., Guilderson, T.P,,
Hogg, A.G., Hughen, K.A., Kromer, B., McCormac, G., Manning, S.,
Ramsey, C.B., Reimer, R.W., Remmele, S., Southon, J.R., Stuiver, M.,
Talamo, S., Taylor, EW., van der Plicht, J. y Weyhenmeyer, C.E. 2004.
IntCal04 Terrestrial Radiocarbon Age Calibration, 0 to 26 cal Kyr BP.
Radiocarbon, 46, 1029-1058.

Rivas Mateos, M. 1898. Flora de la provincia de Céceres. Anales Insti-
tuto Botanico A.J. Cavanilles, 30, 235-255

Ruiz del Castillo, J. 1993. Andlisis palinolégico de nueve perfiles turbo-
sos cuaternarios en el sector oriental del Sistema Central Espariol.
Tesis Doctoral, Universidad Complutense, Madrid.



Daniel Abel Schaad, Ana M?* Herndndez Carretero, José Antonio Lopez Saez, Fernando Javier Pulido Diaz, Lourdes Lépez Merino y Antonio Martinez
Cortizas. Evolucién de la vegetacion en la Sierra de Gata (Caceres-Salamanca, Espaia) durante el Holoceno reciente. Implicaciones biogeograficas.

Sanchez del Corral Jiménez, A. 1994. El contacto montafia-superficies
inferiores en la vertiente Sur de la Sierra de Gata (Sistema Central es-
pafiol, Caceres). Cuaternario y Geomorfologia, 8(1-2), 45-55.

Stevenson, A. C.y Harrison, R.J. 1992. Ancient forests in Spain: a model
for land-use and dry forest management in South-west Spain from
4000 BC to 1900 AD. Proceedings of the Prehistoric Society, 58, 227-
247.

Stockmarr, J. 1971. Tablets with spores used in absolute pollen analysis.
Pollen et Spores, 13, 614-621.

Turner, J. 1962. The Tilia decline: an anthropogenic interpretation. New
Phytologist, 61, 328-341.

van den Brink, L. M. y Janssen, C.R. 1985. The effect of human activities
during culrural phases on the development of montane vegetation in
the Serra da Estrela, Portugal. Review of Palaeobotany and Palyno-
logy, 44, 193-215.

van der Knaap, W.O. y van Leeuwen, J.FE.N. 1994. Holocene vegetation,
human impact, and climatic change in Serra da Estrela, Portugal. Dis-
sertationes Botanicae, 234, 497-535.

van der Knaap, W.O. y van Leeuwen, J.F.N. 1995. Holocene vegetation
and degradation as responses to climatic change and human activity
in the Serra da Estrela, Portugal. Review of Palaeobotany and Palyno-
logy, 89, 153-211.

van der Knaap, W.O. y van Leeuwen, J.F.N. 1997. Late Glacial and early
Holocene vegetation sucession, altitudinal vegetation zonation, and
climatic change in the Serra da Estrela, Portugal. Review of Palaeobo-
tany and Palynology, 97 (3/4), 239-285.

van Geel, B. 1978. A palaeoecological study of Holocene peat bog sec-
tions in Germany and the Netherlands, based on the analysis of po-

105

llen, spores and macro- and microscopic remains of fungi, algae, cor-
mophytes and animals. Review of Palaeobotany and Palynology, 25,
1-120.

van Geel, B., Coope, G.R. y Hammen, T. van der. 1989. Palaeoecology
and stratigraphy of the Late-glacial type section al Usselo (The Ne-
therlands). Review of Palaeobotany and Palynology, 60, 25-129.

van Geel, B., Buurman, J., Brinkkemper, O., Schelvis, J., Aptroot; A., van
Reenen, G. y Hakbijl, T. 2003. Environmental reconstruction of a
Roman Period settlement site in Uitgeest (The Netherlands), with spe-
cial reference to coprophilous fungi. Journal of Archaeological
Science, 30, 873-883.

van Geel, B., Bokovenko, N.A., Burova, N.D., Chugunov,K.V., Derga-
chev, V.A,, Dirksen, V.G., Kulkova, M., Nagler, A., Parzinger, H., Van
der Plicht, J., Vasiliey, S.S. y Zaitseva, G.1. 2004. Climate change and
the expansion of the Scythian culture after 850 BC: a hypothesis. Jour-
nal of Archaeological Science, 31, 1735-1742.

Vazquez, R. 1992. Evolucién del paisaje vegetal durante el Cuaternario
reciente en la zona central y oriental de la Sierra de Guadarrama a
partir del andlisis palinolégico. Tesis Doctoral, Universidad de Alcala
de Henares, Alcald de Henares.

Willis, K., Rudner, E. y Stimegi, P. 2000. The Full-Glacial Forests of Cen-
tral and Southeastern Europe. Quaternary Research, 53, 203-213.

Wright, H. E. 'y Patten, H. J. 1963. The pollen sum. Pollen et Spores, 5 (2),
445-450.

MANUscRITO ReciBIDO: 9 de diciembre, 2008
MANUSCRITO ACEPTADO: 21 de enero, 2009






Revista Espaiiola de Micropaleontologia, 41 (1-2), 2009, pp. 107-144
©Instituto Geologico y Minero de Espana
ISSN: 0556-655X

On the origins of Superfamily Heterohelicacea Cushman, 1927
and the polyphyletic nature of planktic foraminifera

Marius Dan Georgescu

Department of Geoscience, University of Calgary, 2500 University Drive N.W., Calgary, Alberta, T2N 1N4, Canada.
dgeorge@ucalgary.ca

Resumen

Un nuevo grupo de foraminiferos benténicos pertenecientes a la superfamilia Praeplanctoniacea nov., que se origind a partir del gé-
nero Pleurostomella Reuss 1860, se describe en los sedimentos del Albiense superior de la Meseta de Blake (oeste del Atlantico Norte).
La citada superfamilia estd integrada por dos familias: Praeplanctonidae nov. y Archaeoguembelitriidae nov. La familia Praeplancto-
nidae incluye dos géneros benténicos: Praeplanctonia nov. gen. y Haigella nov. gen. Praeplanctonia incluye dos especies con cama-
ras globulares: P. globifera nov. sp. y P. quasiplanctonica nov. sp. El género Haigella se propone para una linea de foraminiferos en la
cual las proyecciones de las cdmaras estan orientadas hacia atrds y donde se incluyen las especies: H. intermedia nov. sp. y H. haigi
nov. sp. La familia Archaeoguembelitriidae esta integrada por un solo género (Archaeoguembelitria nov. gen.) y dos especies: A. ce-
nomana (Keller 1935) y A. harrisi (Tappan 1940). Archaeoguembelitria caracteriza a nivel genérico una linea de foraminiferos trise-
riadas en la cual A. cenomana (Albiense tardio) es una especie bentdnica con la superficie de las camaras no ornamentada y A. harrisi
es una especie plancténica que tiene la superficie de las cdmaras ornamentada con monticulos porados. Praeplanctonia globifera
nov. gen., nov. sp.es el antecessor de Haigella nov. gen., Archaeoguembelitria nov. gen. and “Heterohelix” washitensis (Tappan, 1940).
La existencia de una relacion filogenética entre el foraminifero benténico Praeplanctonia globifera nov. gen., como antecesor, y “He-
terohelix” washitensis, especie mas antigua, planctdnica y biseriada, como descendiente, demuestra que el grupo de los foraminife-
ros plancténicos es polifilético. Se revisan otros dos géneros: Guembelitriella Tappan 1940, que se reasigna a la Superfamilia
Turrilinacea Cushman 1927 y Guembelitria Cushman 1933, que se restringe a test triseriados de edad Santoniense tardio-Paleoceno
temprano. Los tests triseriados del Albiense tardio-Turoniense incluyen al género Archaeoguembelitria nov. gen. Los primeros ejem-
plares triseriados del intervalo Aptiense superior-Albiense superior bajo se incluyen en el género Koutsoukosia nov. gen., que tiene
como especie tipo a K. sergipensis (Koutsoukos, 1994). Koutsoukosia esta asignado a la familia Globuligerinidae Loeblich & Tappan
1984.

Palabras clave: Foraminiferos benténicos, foraminiferos plancténicos, Cretacico, nuevos taxones, foraminiferos plancténicos polifilé-
ticos.

Abstract

A new group of benthic foraminifera is described from the upper Albian sediments of the Blake Plateau (western North Atlantic), su-
perfamily Praeplanctoniacea nov., which originated from the genus Pleurostomella Reuss, 1860. Superfamily Praeplanctoniacea com-
prises two families: Family Praeplanctonidae nov. and Family Archaeoguembelitriidae nov. Family Praeplanctonidae includes two
benthic genera: Praeplanctonia nov. gen. and Haigella nov. gen. Praeplanctonia consists of species with globular chambers, P. glob-
ifera nov. sp. and P. quasiplanctonica nov. sp. Haigella is proposed for a lineage in which backward oriented chamber projections are
gradually developed: H. intermedia nov. sp. and H. haigi nov. sp. A single genus is included in Family Archaeoguembelitriidae: Ar-
chaeoguembelitria nov. gen., which consists of two species, namely A. cenomana (Keller, 1935) and A. harrisi (Tappan, 1940). Ar-
chaeoguembelitria formalizes at the genus level a lineage of triserial foraminifera in which A. cenomana (late Albian) is a benthic
species with smooth chamber surface and A. harrisi is a planktic species that has the chamber surface ornamented with pore mounds.
Praeplanctonia globifera nov. gen., nov. sp. is the ancestral species for Haigella nov. gen., Archaeoguembelitria nov. gen. and “Het-
erohelix” washitensis (Tappan, 1940). The existence of a phylogenetic relationship between the benthic foraminifer Praeplanctonia glob-
ifera nov. gen., nov. sp., as ancestor and the oldest biserial planktic foraminiferal species, “Heterohelix” washitensis as descendant,
demonstrates that the planktic foraminiferal group is polyphyletic. Two other genera are reviewed: Guembelitriella Tappan, 1940,
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which is reassigned to Superfamily Turrilinacea Cushman, 1927 and Guembelitria Cushman, 1933, which is restricted to triserial tests
of the late Santonian-early Paleocene. The late Albian-Turonian triserial tests are included within Archaeoguembelitria nov. gen. The
earliest triserials of the upper Aptian to lowermost upper Albian are included within Koutsoukosia nov. gen., which has K. sergipensis
(Koutsoukos, 1994) as type species. Koutsoukosia is assigned to the Family Globuligerinidae Loeblich & Tappan, 1984.

Keywords: Benthic foraminifera, planktic foraminifera, Cretaceous, new taxa, polyphyletic planktic foraminifera.

1. INTRODUCTION

Mesozoic planktic foraminifera have been traditionally re-
garded as representing a branching and monophyletic
group. This view is shared by many researches, such as
Caron (1983, 1985), Hart (1999) and Hart et al. (2002).
The origin of Cenozoic planktic foraminifera from Creta-
ceous taxa were outlined by Liu & Olsson (1992) and Ols-
(1999) the the
end-Cretaceous cataclysmic event further demonstrate the
vitality and diversification potential of the group.

son et al and recovery from

A different view was advocated by Darling et al. (1996,
1997) through molecular rDNA studies on some Ceno-
zoic species, such as Neogloboquadrina dutertrei (d’Or-
bigny, 1839), Globigerinelloides conglobatus (Brady,
1879), G. ruber (d’Orbigny, 1839), etc. suggesting that the
group is polyphyletic. This conclusion was based on the
discovery of rDNA sequences of benthic foraminifera in
that of planktic species. Darling et al. (1997, p. 251) con-
cluded that “Our phylogenetic analysis shows that the
planktic foraminifera are polyphyletic in origin, not evolv-
ing solely from a single ‘globigerinid-like” lineage in the
Mid-Jurassic, but derived from at least two ancestral ben-
thic lines.” Despite the conclusions of Darling et al. (1997)
and in the absence of any supporting paleontological ev-
idence, the uncertainty as to whether or not the planktic
foraminifera represent a monophyletic or polyphyletic
group still persists.

Extensive study on the upper Albian-lower Cenomanian
benthic and planktic foraminifera showed that the earliest
biserial and triserial planktics commenced their evolution
during the Late Albian (Pseudothalmanninella ticinensis
Biozone). The earliest representatives of this group have
twisted and asymmetrical tests as well as asymmetrically
developed periapertural structures [e.g., “Heterohelix”
washitensis]. This observation is highly significant as it
rules out the possibility of finding the ancestor of the bis-
erial and triserial planktic foraminifera among the upper
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Albian contemporaneous planktic foraminiferal taxa. The
latter are represented mainly by trochospiral (e.g., Hed-
bergella, Ticinella and Clavihedbergella) and planispiral
(e.g., Globigerinelloides and Planomalina) species and the
earliest biserial planktic taxa lack an early trochospiral or
planispiral stage. The other potential ancestor could be the
triserial species Guembelitria cenomana (Keller, 1935),
which has a benthic appearance. A potential phylogenetic
relationship between G. cenomana and “H.” washitensis
cannot be taken in consideration due to relatively narrow
variability of the former species, which presents only tris-
erial tests without any trend to develop biserial chamber
arrangement.

A new benthic foraminiferal group of the upper Albian,
with twisted tests and high morphological variability is de-
scribed. Three lineages are recognized within the new
group, each of them formalized at the genus level, Prae-
planctonia nov. gen., Haigella nov. gen. and Ar-
chaeoguembelitria nov. gen. The group is formalized as
Superfamily Praeplanctoniacea nov. The origins of the
praeplanctonids apparently can be traced from represen-
tatives of the Superfamily Pleurostomellacea Reuss, 1860.
Consequently, the biserial planktic foraminifera, which
were traditionally regarded as members of the Superfam-
ily Heterohelicacea Cushman, 1927 are removed from
Suborder Globigerinina Delage & Hérouard, 1896 and in-
cluded within Suborder Rotaliina Delage & Hérouard,
1896, in order to accommodate the newly inferred phylo-
genetic relationships.

2. A HISTORY OF CONCEPTS ON
HETEROHELICID ORIGINS

The origins of the Cretaceous serial planktic foraminifera
have been rarely studied (Cushman, 1950; Fuchs, 1973,
1975; Loeblich & Tappan, 1974; Hart, 1999, 2006; Hart et
al., 2002). Throughout these studies, the planktics with se-
rial chamber arrangement were considered related to the
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other major groups of planktic foraminifera, namely those
with planispiral and trochospiral coil.

The first account on the origins of the heterohelicids was
by Cushman (1950). In the fourth edition of his Treatise,
Cushman (1950, p. 252) noted: “Derived from a planispi-
ral ancestry, this is held in the early stages of all the most
primitive genera, at least in the microspheric forms. There
is no evidence that the group was derived from the spe-
cialized pelagic Globigerinidae, although the genus Gim-
belina may have been pelagic.”

Contrasting phylogenies were proposed by Fuchs (1973)
who considered that Heterohelix and Guembelitria
evolved from different ancestors. According to this author,
the genus Heterohelix is the end member of the Woletz-
ina-Eoheterohelix-Heterohelix lineage. By contrast, Guem-
belitria Cushman, 1933 evolved from Conoglobigerina
Morozova, 1961. Therefore, Heterohelix and Guembeli-
tria, the two genera around which the taxonomy of the
Cretaceous serial planktic foraminifera is centered (Loe-
blich & Tappan, 1987), were considered phylogenetically
unrelated. This idea was not further developed and a cou-
ple of years later Fuchs (1975, p. 220) postulated the ex-
istence of a different evolutionary sequence, at
suprageneric levels: Oberhauserellidae — Guembelitriinae
— Heterohelicinae. The phylogenetic relationship between
Oberhauserellidae (ancestor) and Heterohelicidae (de-
scendant) was considered valid by Loeblich & Tappan
(1974).

Evolution and diversity of the early planktic foraminifera
was extensively studied by Hart (1999, 2006) and Hart et
al. (2002). According to these studies, a phylogenetic re-
lationship could have existed between the planispirally
coiled planktic foraminifera, as ancestor and Heterohelix
as descendant (Hart, 1999, fig. 2; Hart et al., 2002, fig. 2).

This historical presentation shows that there is no clear
view on the origins of the Cretaceous serial planktics, de-
spite the existence of a number of hypothesized phyloge-
netic relationships between various genera, subfamilies
and families. All of these phylogenetic relationships are
postulated exclusively based on the gross test architecture.
Moreover, data on the stratigraphic and paleobiogeo-
graphic distribution played, at best, a secondary role in
interpreting the proposed phylogenies.
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3. STUDIED MATERIAL

Most of the material analyzed came from a succession of
sixty-nine samples obtained from upper Albian-lower
Cenomanian sediments of the ODP Hole 1050C (Blake
Plateau, western North Atlantic). Spot samples were stud-
ied from two other wells drilled in its proximity, namely
ODP Holes 1052E and 1049B (Fig. 1). The first biostrati-
graphic zonation of the upper Albian-middle Cenoman-
ian sediments drilled during Leg 171B was provided by
Bellier & Moullade (2002). In total, over one thousand
SEM micrographs were taken and specimens from
throughout the stratigraphic range of the various benthic
and planktic species were investigated.

Figure 1. Location of the ODP Holes 1049B, 1050C and 1052E, which
yielded most of the fossil material analyzed in this study.

The holotypes of the following species were examined at
the National Museum of Natural History, Smithsonian In-
stitution, Washington, D.C.: Gimbelina washitensis
(USNM 299328, USNM 307987 and USNM 307988),
Guimbelitria harrisi (USMN 307994 and USNM 307995),
Gumbelitriella  graysonensis (USNM299329, USNM
299330, USNM 307998 and USNM 307999), Bulimina
nannina (USNM 298868, USNM 303520 and USNM
303521) and Neobulimina minima (USNM 299596,
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USNM 311438, USNM 311439 and USNM 311440), all
of them described by (Tappan, 1940) from the Grayson
Bluff, Texas, USA and Neobulimina irregularis Cushman
& Parker, 1936 from the Ector tongue of the Austin Chalk,
Grayson County, Texas, USA (USNM 311431, USNM
311432, USNM 311433, USNM 311434 and USNM
311435). Topotypes of the following species deposited in
the Loeblich and Tappan Topotype Collection (NMNH,
Washington D.C.) could be examined and SEM pho-
tographed: G. graysonensis (USNM 473114) and Gimbe-
litria cretacea (Cushman, 1933), the latter from the
Navarro Formation, Guadelupe County, Texas, USA
(USNM 473112). Species names are given according to
the labels in the Cushman Collection (NMNH).

The type material (holotype and paratypes) together with
a number of topotypes of Koutsoukosia sergipensis (Kout-
soukos, 1994) from the well 1-CA-1-SE (proximity of the
city of Aracaju, Sergipe Basin, eastern Brazil) could be ex-
amined at the National Museum of Natural History, Smith-
sonian Institution, Washington, D.C. We could also
examine specimens of Archaeoguembelitria harrisi (Tap-
pan, 1940) from the Bass River Formation (New Jersey
coastal plain subsurface) and deposited at Rutgers, The
State University of New Jersey.

All the type material of the new taxa described in this ar-
ticle is deposited in the Willi Karl Braun Micropaleonto-
logical Collection at the University of Calgary (Calgary,
Alberta, Canada). They are referred in text as “WKB”, fol-
lowed by the inventory number.

4. TAXONOMIC CONCEPTS

A major difficulty in recognizing phylogenetic relation-
ships at generic and suprageneric level among Cretaceous
foraminifera is due to the present-day classification, which
is fundamentally typological. The basis of typological clas-
sification is represented by morphological resemblances
between various entities (e.g., individuals within a species,
species within a genus, genera within a family, etc.). This
procedure is extremely rigid and prone to grouping enti-
ties, which although morphologically close, are the result
of iterative evolution from phylogenetically distant groups,
as shown by Steineck & Fleisher (1978) for the Cenozoic
planktic foraminifera.
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The problem is further complicated by the large-scale use
of the typological species and genus concepts in current
micropaleontological practice. These two concepts are
major impediments in recognizing evolutionary trends
and phylogenetic relationships. The use of the typological
species concept has the disadvantage of considering the
species morphologically homogeneous entities, often cen-
tered on the holotype (Masters, 1977). Another recent de-
velopment in the use of the typological species was the
practice to define species with the aid of a small number
of features, which resulted in extensive lumping (Neder-
bragt et al., 1998). Similarly, the typological genus con-
cept can lead to the definition of trans-lineage taxonomic
units that lack any significance in a phylogenetic classifi-
cation.

All these difficulties of taxonomical nature had to be over-
come in searching for the origins of the serial Cretaceous
planktic foraminifera. For this reason, the well-docu-
mented paleontological species concept (Georgescu &
Huber, 2007) and the concept of genus-lineage were
used.

4.1. Species concept

The transition between the optical microscope-based ob-
servations to those in which the morphological data are
mostly collected with the aid of a scanning electron mi-
croscope (SEM) resulted in a significant improvement of
the observation detail. Accordingly, the species variability
can be better described and used for taxonomic and phy-
logenetic purposes. Recent studies carried out on Late
Cretaceous species of stellate and strongly ornamented
planktic foraminifera showed that the species variability
is much higher than previously considered. For example,
Georgescu & Huber (2008) demonstrated that in Hastigeri-
noides alexanderi (Cushman, 1931), a planktic foraminifer
with stellate outline from the Santonian (Late Cretaceous),
can be recognized two test varieties according to the
chamber arrangement: planispiral and very low trochospi-
ral. This wide range of morphological variability comes in
contradiction with the widely accepted classification of
Loeblich & Tappan (1987), in which such differences in
the coiling mode are regarded as valid taxonomic criteria
at superfamily level.
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The concept of well-documented paleontological species
was proposed by Georgescu & Huber (2007, p. 158) to
accommodate the wide morphological variability present
in most of the Cretaceous planktic foraminiferal species:
“A well-documented paleontological species is the basic
unit with taxonomic significance in the fossil record, and
has the following characteristics: (i) it is monophyletic; (ii)
it has a distinct range of morphological variability, show-
ing relative stability over a definable period of time and
presenting relatively discrete evolutionary changes; (iii) it
is a morphologically heterogeneous and discontinuous
entity, consisting of one or (mostly) more morphological
and/or paleoecological varieties; (iv) it has its own devel-
opmental history traceable in space and time; and (v) its
existence and integrity can be tested not only by compar-
ative morphological distinctiveness, but also by its re-
sponse to paleoenvironmental and geological factors (e.g.,
paleoclimatic changes, sea-level fluctuations, etc.), as in-
ferred from paleontology and related geological disci-
plines”. It was applied with excellent results by Georgescu
(2007a, 2007b), Georgescu & Abramovich (2008),
Georgescu & Huber (2008) and Lipson-Benitah (2008).

This way to define the paleontological species is the only
one that proved functional in the case of the upper Albian-
Cenomanian benthic and serial planktic foraminifera of
the ODP Hole 1050C (Blake Plateau). As an example, ex-
treme morphological variability was observed in the case
of three species: Praeplanctonia globifera nov. sp., P. qua-
siplanctonica nov. sp. and Haigella intermedia nov. sp.
Notably, all of them have twisted axis of test growth. These
species present two different kinds of chamber arrange-
ment: biserial throughout and triserial in the early stage
and biserial when adult. Most of the specimens have a bis-
erial chamber arrangement throughout and consistently
represent more than 95% of the total specimens exam-
ined for all of the three species. The specimens with early
triserial stage and biserial chamber arrangement in the
adult are less numerous and consequently occur rarely
and in scattered occurrences. Noteworthy, the tests of the
two varieties are otherwise identical, having a similar
number of chambers, aperture size, position and peria-
pertural structures, sutures, etc. Moreover, the stratigraph-
ical ranges of the two varieties of each species are
identical and specimens with intermediate morphologi-
cal features are present throughout their stratigraphic
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ranges. This record shows clearly that despite the signifi-
cant morphological differences between these varieties,
they should be considered as parts of the same species.
In this situation, the chamber arrangement cannot be suc-
cessfully used in typological sense as taxonomic criterion
at species or genus level.

4.2. Genus concept

The genus concept used in planktic foraminifera has been
rarely treated in detail. The vast majority of the Cretaceous
planktic foraminiferal genera are defined only according
to the morphological similarities between component
species. This way of defining them does not take into ac-
count two factors: morphological resemblances between
members of distant lineages due to iterative evolution and
monophyletic nature not only of a genus, but of any
supraspecific category.

A more elaborate way to define genera for the serial and
planispiral planktic foraminifera was developed by
Georgescu (2007a, 2007b), Georgescu & Abramovich
(2008) and Georgescu & Huber (2008). They demon-
strated that a genus can be defined to accommodate a lin-
eage in which most, if not all, of the morphological
features change through time. The phylogenetic relation-
ships, if well documented, can be successfully used to in-
clude morphologically distant species within a genus. This
concept of “genus-lineage” is followed herein.

5. SYSTEMATIC PALEONTOLOGY

Suprageneric classification largely follows that of Loeblich
& Tappan (1987), whereas the species concept is that of
Georgescu & Huber (2007).

Suborder GLOBIGERININA Delage & Hérouard, 1896
Superfamily ROTALIPORACEA Sigal, 1958
Family GLOBULIGERINIDAE Loeblich & Tappan, 1984
Genus Koutsoukosia nov. gen.

Type species.- Guembelitria sergipensis Koutsoukos, 1994.
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Figure 2. Diagram showing the three Cretaceous genera of triserial planktic foraminifera and diagnostic test ornamentation. The gray areas indicate
the stratigraphical intervals without triserial planktics. Ages after Gradstein et al. (2004).

Diagnosis.— Test triserial with strong and blunt pustules on
all of the chambers.

Description.— Test with triserial chamber arrangement;
chambers are globular and increase gradually in size as
added. Sutures are distinct and depressed. Aperture is
large, in the shape of a high arch. Chamber surface is or-
namented with large-sized, blunt pustules. Test wall is cal-
citic, microperforate.
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Remarks.— Koutsoukosia differs from all other triserial gen-
era of the Cretaceous by having the test ornamentation
consisting of blunt pustules (Fig. 2; PI. 1, Fig. 2). The pore
mounds mentioned in the original description of the type
species are probably the result of diagenesis, which af-
fected the original ornamentation on the chamber surface.
Overall, the ornamentation of Koutsoukosia is similar to
that of the primitive planktic foraminifera of the Family
Globuligerinidae (Riegraf, 1987; Simmons et al., 1997).
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Etymology.— Genus dedicated to Dr. E. A. M. Koutsoukos
(University of Rio de Janeiro, Brazil).

Stratigraphic range.— Upper Aptian to lower part of upper
Albian (from the C. algeriana Biozone throughout the
lower part of P. subticinensis Biozone).

Geographic distribution.— South America (Sergipe Basin,
eastern Brazil).

Koutsoukosia sergipensis (Koutsoukos, 1994)
(PI. 1, Figs 1-2)

1994 Guembelitria sergipensis Koutsoukos, p. 288,
pl. 1, figs 1-16, pl. 2, figs 1-12.

Description.— Test triserial throughout consisting of 10 to
15 globular chambers, which increase gradually and rap-
idly in size as added (PI. 1, Fig. 1). Sutures are distinct,
straight to slightly curved and depressed. Aperture is sim-
ple and arch-shaped, situated at the base of the apertural
face of the last-formed chamber. Chamber surface is orna-
mented with large-sized blunt pustules, up to 10 pm in
the maximum dimension and with an average height of 6
pm (Pl. 1, Figs 1-2). Test wall is calcareous, hyaline and
with small circular pores, 0.4 to 0.8 ym in diameter.

Remarks.— Koutsoukosia sergipensis was originally de-
scribed as having irregular pore mounds. The pore
mound-like structures present in the original figuration
(Koutsoukos, 1994, pl. 1, figs 3, 10, 11, 14, 16, pl. 2, figs
5,7,9, 10) are not constant ornamentation features. They
are completely absent in the topotypes investigated for the
present study. Moreover, they present a general different
appearance when compared with the pore mounds from
other Upper Cretaceous planktic foraminifera, such as
Laeviheterohelix pulchra (Brotzen, 1936) and Guembeli-
tria cretacea (Cushman, 1933). Accordingly, the pore
mound-like structures are considered to be the result of
imperfections in specimen preservation.

Stratigraphic range.— Upper Aptian to lower part of the
upper Albian (from the G. algeriana Biozone throughout
the lower part of P. subticinensis Biozone).

Geographic distribution.— South America (Sergipe Basin,
eastern Brazil).
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Suborder ROTALIINA Delage & Hérouard, 1896
Superfamily HETEROHELICACEA Cushman, 1927
Family HETEROHELICIDAE Cushman, 1927
Genus Heterohelix Ehrenberg, 1843

Type species.- Textilaria americana Ehrenberg, 1843.

Description.—Test with or without early incipient planispi-
ral coil and with chambers biserially arranged in the adult
stage. The earliest species has twisted tests, asymmetrical
in edge view, whereas the evolved species has symmetri-
cal tests (i.e., with lose rotation of the twisting axis) when
observed in edge view. Chambers are globular to slightly
laterally compressed and increase gradually in size as
added. Aperture is situated at the base of the last-formed
chamber and is bordered by rims or flanges. Chamber sur-
face is smooth to coarsely costate. Test wall is calcitic, hya-
line, nannoperforate to finely perforate.

Remarks.— The report of twisted, asymmetrical tests with
asymmetrical apertures and periapertural structures in the
upper Albian, Cenomanian and Turonian further adds to
the significant morphological variability of the genus Het-
erohelix. The taxonomical review of this genus will be the
subject of a number of forthcoming articles. The term
‘nannoperforate’ is defined for the test wall with pore di-
ameter between 0.1 and 0.5 pm. Accordingly, the ‘finely
perforate’ term is used in restricted sense, namely for the
test wall with pore diameter between 0.5 and 1.0 pm.

Stratigraphic range.— Upper Albian-Maastrichtian (from
the P. ticinensis Biozone throughout P. hariaensis Bio-
zone).

Geographic distribution.— Cosmopolitan.

“Heterohelix” washitensis Tappan, 1940
(PI. 1, Figs 3-13)

1940 Gimbelina washitensis Tappan, p. 115, pl. 19,
fig. 1.

1975 Heterohelix moremani (Cushman, 1938), North
& Caldwell, pl. 4, fig. 9.

1977 Heterohelix
Masters, pl. 2, fig. 1.

1989 Heterohelix moremani (Cushman, 1938), Hart
etal., p. 346, pl. 7.16, fig. 9.

2006 Laeviheterohelix sp. Petrizzo & Huber, pl. 1, fig. 2.

moremani  (Cushman, 1938),
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Emended description.— Test twisted, biserial throughout
(PI. 1, Figs 3, 5, 13), with globular chambers that increase
gradually in size as added. Sutures are distinct, straight to
slightly curved and depressed. Test periphery is broadly
rounded, without peripheral structures. Aperture is
medium high and asymmetrical, situated at the base of
the last formed chamber (PI. 1, Figs 4, 6-11). It is bordered
by asymmetrical periapertural structures, a thin rim on one
side and a ridge on the opposite side and provided with a
relict toothplate (PI. 1, Figs 4, 7-11). Chamber surface is
smooth (PI. 1, Figs 3-13). Test wall calcitic, hyaline and
nannoperforate to microperforate; pores are circular, with
diameter between 0.4 and 0.7 pm.

Remarks.— “Heterohelix” washitensis is the earliest mem-
ber of the Superfamily Heterohelicacea Cushman, 1927
(Fig. 3). Careful observations over a large number of spec-
imens (holotype, paratypes, topotypes and over 100 hy-
potypes) of “H.” washitensis from the Late Albian and
Cenomanian revealed that the chamber surface is smooth,
as mentioned in the original description by Tappan (1940,
p. 115). Our data also confirm the observations by Thomas
(1927, p. 137) and Thomas & Rice (1927, p. 141) that the
costate ornamentation is later developed in the heterohe-
licid evolution and the earlier representatives of the group
are smooth. Moreover, it is observed, for the first time, that
the test of “H.” washitensis is slightly twisted and with an
asymmetrical aperture and periapertural structures. The
twisted and asymmetrical tests and asymmetrical aper-
tures and periapertural structures indicate that, most likely,
the ancestor of the group is a taxon with an asymmetrical
test.

Stratigraphic range.— Upper Albian-lower Turonian (from
the P. ticinensis Biozone throughout the H. helvetica Bio-
zone).

USA Canada

(Saskatchewan and Manitoba), western North Atlantic

Geographic  distribution.— (Texas),
Ocean (Blake Plateau) and northwestern Europe (North

Sea).

Superfamily TURRILINACEA Cushman, 1927
Family TURRILINIDAE Cushman, 1927
Genus Guembelitriella Tappan, 1940
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Type species.- Gumbelitriella graysonensis Tappan, 1940.

1940 Gimbelitriella Tappan, p. 115.

1957 Guembelitriella Tappan, 1940, Montanaro
Gallitelli, p. 137.

1964 Guembelitriella Tappan, 1940, Loeblich &
Tappan, p. C652.

1975 Guembelitriella Tappan, 1940, Fuchs, p. 229.

1987 Guembelitriella Tappan, 1940, Loeblich &
Tappan, p. 453.

Emended description.— Test trochospiral throughout, with
earlier chambers globular and those in the adult stage
strongly overlapping. Sutures are distinct and depressed.
Aperture is in the shape of a low to medium arch, situated
at the base of the last formed chamber and bordered by a
thin, imperforate rim. Chamber surface is smooth or with
scattered small-sized pustules. Test wall is calcitic, hyaline
and microperforate.

Remarks.— The understanding of the systematic position
of the genus Guembelitriella was strongly biased by its
original description. This taxon was described as present-
ing serial chamber arrangement and this definition was
followed by Loeblich & Tappan (1964, 1987). A different
view on its morphology was given by Longoria (1974, p.
50) who considered the genus “...trochoid and has an ex-
traumbilical-umbilical aperture.” Observations made on
topotypes from the Loeblich and Tappan Topotype Collec-
tion and new material from ODP Site 1050C confirm
without doubt that Guembelitriella has a trochospirally
coiled test and therefore is morphologically closer to Prae-
bulimina than Guembelitria. A different interpretation was
given by Kroon & Nederbragt (1990) who considered that
the test ornamentation is not a taxonomic criterion that
can be used at generic level. As a result, Guembelitriella
and its type species, G. graysonensis, were considered as
representing gerontic stages of Guembelitria cenomana
(Keller, 1935) but no data was presented to support their
interpretation. This opinion is inconsistent with the test
morphology, stratigraphic and geographic distribution of
the two taxa. Apparently Kroon & Nederbragt (1990, p.
33) were not aware of the observations of Longoria (1974)
who described and figured well preserved Guembelitria
graysonensis specimens from the Aptian of Mexico, France
and Spain. However, the synonymization of Guembe-
litriella under Guembelitria was mentioned but apparently
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Figure 3. Stratigraphic record, abundance and inferred phylogenetic relationships at ODP Hole 1050C (Blake Plateau, western North Atlantic). Planktic
foraminiferal zonation after Petrizzo & Huber (2006).
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not accepted by de Klasz et al. (1995). However, the ex-
amination of the holotype of Guembelitria graysonensis in
the Cushman Collection (NMNH, Washington, D.C.) con-
firmed that the test is trochospirally coiled throughout.

Stratigraphic range.— Aptian throughout lower Cenoman-
ian (from the L. cabri Biozone throughout T. globotrun-
canoides Biozone).

Geographic distribution.— USA (Texas), Caribbean
(Trinidad), Atlantic Ocean (Blake Plateau, offshore Florida
and Mazagan Plateau, offshore Morocco) and equatorial
Pacific Ocean (Shatsky Rise).

Guembelitriella graysonensis Tappan, 1940
(PI. 2, Figs 1-5)

1940 Gimbelitriella graysonensis Tappan, p. 116, pl.
19, fig. 3.

1959 Globigerina graysonensis Tappan, 1940, Bolli,
p. 270, pl. 23, figs 1-2.

1972 Guembelitriella graysonensis Tappan, 1940,
Michael, p. 208, pl. 1, figs 1-3.

1974 Gubkinella graysonensis (Tappan, 1940),
Longoria, 1974, p. 50, pl. 1, figs 1-12.

1975 Gubkinella (?) graysonensis (Tappan, 1940),
Luterbacher, 1975, pl. 2, figs. 4-8.

1984 Gubkinella graysonensis (Tappan, 1940),
Leckie, p. 593, pl. 1, figs 2-3.

Description.— Test is medium to high trochospirally coiled
throughout (PI. 2, Figs 1-4). Chambers are globular, those
of the final whorls strongly overlapping. There are three
to four chambers in the last whorl. Sutures are distinct and
depressed, more incised between the chambers of the last
whorl; they are straight to slightly curved. Aperture is a
low to medium-high arch situated at the base of the last
formed chamber (PI. 2, Figs 1, 2, 4). It is bordered by a
thin and imperforate apertural rim (Pl. 2, Figs 1, 2, 4).
Chamber surface is smooth or with scattered pustules on
the earlier part of the test. Test wall is calcareous, hyaline
and nannoperforate to microperforate; pore diameter is
between 0.4 and 0.6 pm.

Remarks.— Guembelitriella graysonensis differs from G. sp.
in having more elongate aperture and better developed
chamber overlapping.
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Local occurrence.— Lower Cenomanian (T. globotrun-
canoides Biozone).

Stratigraphic range.— Aptian throughout lower Cenoman-
ian (from the L. cabri Biozone throughout T. globotrun-
canoides Biozone).

Geographic distribution.— USA (Texas), Caribbean
(Trinidad) and Atlantic Ocean (Blake Plateau, offshore
Florida and Mazagan Plateau, offshore Morocco) and
equatorial Pacific Ocean (Shatsky Rise).

Guembelitriella sp.
(Pl. 2, Fig. 6)

(2) 1969 Gubkinella californica Church, p. 573, pl. 7,
fig. 8.

Description.— Test is high trochospiral (Pl. 2, Fig. 6). Cham-
bers are globular throughout and increase gradually and
slowly in size. Sutures are distinct and depressed, straight
to slightly curved, joining the previous whorl at acute an-
gles. Aperture is a low arch, situated in the base of the
apertural face and is bordered by a narrow and imperfo-
rate rim (PI. 2, Fig. 6). Chamber surface is smooth. Test
wall is calcitic, hyaline and nannoperforate to microper-

Plate 1. Koutsoukosia sergipensis (Koutsoukos, 1994) and “Heterohelix”
washitensis (Tappan, 1940). 1-2. Topotypes of K. sergipensis from well 1-
CA-1-SE, 855-870 m (proximity of the city of Aracaju, Sergipe Basin,
eastern Brazil); note the chamber surface ornamented with large-sized
pustules and the absence of the pore mounds. The specimen was made
available to me by Dr. E. A. M. Koutsoukos (University of Rio de Janeiro).
3-4. Holotype of “H.” washitensis originally described and figured as
Glimbelina washitensis from the Grayson Bluff, Texas, USA; USNM
307987; note the twisted test and asymmetrical aperture and periaper-
tural structures. 5-6. Topotype of “H.” washitensis from the Loeblich and
Tappan Topotype Collection (NMNH, Loeblich sample 6024, USNM
473118). 7-9. Three hypotypes of “H.” washitensis from the uppermost
Albian (upper part of the P. appenninica Biozone) of the western North
Atlantic Ocean (Blake Plateau), Sample 171B-1052E-40-2, 118-121 cm;
note the asymmetrical apertures and periapertural structures. 10-12. Hy-
potype of “H.” washitensis from the uppermost Albian (upper part of the
P. appenninica Biozone) of the western North Atlantic Ocean (Blake
Plateau), Sample 171B-1052E-40-3, 71-75 cm; note the well developed
asymmetrical periapertural structures consisting of a ridge to the left and
an imperforate thin rim to the right (11) and the simple, microperforate
test wall (12). 13. Hypotype of “H.” washitensis (Tappan, 1940) from the
upper Albian (lower part of the P. ticinensis Biozone) of the western
North Atlantic Ocean (Blake Plateau), Sample 171B-1050C-31-2, 80-84
cm; this specimen is the oldest known of its species and documents its
first evolutionary occurrence. Photographs were taken with the SEM (1-
2, 5-12), ESEM (3-4) and Microprobe (13).
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forate, with pore diameter ranging between 0.4 and 0.8
pm.

Stratigraphic range.— Lower Albian (equivalent of the T.
primula Biozone).

Geographic distribution.— Western North Atlantic Ocean
(Blake Plateau).

Superfamily PRAEPLANCTONIACEA nov. superfam.

Description.— Test biserial, triserial or triserial in the early
stage and biserial when adult; aperture is subterminal and
provided with a toothplate; relict suture between the aper-
ture base and the suture between the last formed chamber
and penultimate one is developed in the primitive repre-
sentatives; evolved taxa with the aperture at the base of
the last-formed chamber; test wall nannoperforate to mi-
croperforate, smooth or ornamented with pore mounds.

Stratigraphic range.— Upper Albian-lower Turonian (from
the P. ticinensis Biozone to the W. archaeocretacea Bio-
zone).

Family PRAEPLANCTONIDAE nov. fam.

Description.— Test biserial, triserial or triserial in the early
stage and biserial when adult; aperture subterminal and
provided with a toothplate; relict suture between the aper-
ture base and the suture between the last formed chamber
and penultimate one; test wall is nannoperforate, with a
combination of elongate and circular pores.

Stratigraphic range.— Upper Albian (from the P. ticinensis
Biozone to the P. appenninica Biozone).

Genus Praeplanctonia nov. gen.
Type species.- Praeplanctonia globifera nov. sp.

Diagnosis.— Test biserial throughout or with a short trise-
rial juvenile stage and biserial in the adult; aperture sub-
terminal bordered by a short rim and provided with a
toothplate; apertural face with supplementary suture;
chamber surface smooth.

Description.— Test twisted, biserial throughout or with an
early triserial stage and biserial in the adult. Chambers are
globular to subglobular, overlapping at various rates. Su-
tures are distinct and depressed. Aperture subcircular and
subterminal in position and bears a toothplate and is bor-
dered by an asymmetrical rim. A supplementary suture is
present on the apertural face, which connects the aper-
ture base with the suture between the penultimate and
last-formed chamber. Chamber surface is smooth. Test
wall is calcitic, hyaline and nannoperforate; pore shape is
elongate to circular.

Remarks.— Praeplanctonia nov. gen. is characterized by
high variability of the morphological features. The test
may have an early triserial stage, becoming biserial when
adult or is biserial throughout; the triserial-biserial tests
present general resemblances with some Neobulimina
Cushman & Wickenden, 1928 species of the late Albian,
such as N. irregularis (Cushman & Parker, 1936), N. nu-
merosa (Vasilenko, 1961), N. vridhachalensis (Rasheed &
Govindan, 1968) and N. canadensis var. beta (Mello,
1969). By contrast to Neobulimina, has twisted tests and
therefore can be considered morphologically closer to
Cassidella Hofker, 1951 and Fursenkoina Loeblich & Tap-
pan, 1961. Praeplanctonia differs from these two in hav-
ing an early triserial stage, which is occasionally
developed, subterminal aperture rather than situated at
the base of the last-formed chamber and the presence of
the supplementary suture on the apertural face.

Plate 2. Scanning electron microscope photographs of Guembelitriella
graysonensis (Tappan, 1940), CGuembelitriella sp. and Praeplanctonia
globifera nov. gen., nov. sp. 1-3. Lateral views of three topotypes of G.
graysonensis from the Cenomanian of the Grayson Formation, Grayson
Bluff on Denton Creek, Denton County, Texas, USA; specimens from the
Loeblich and Tappan Topotype Collection (NMNH, USNM 473114);
note the test trochospiral coil and the strongly overlapping last whorl;
topotypes of the same species were previously figured by Longoria
(1974, pl. 1, figs 7-12). 4-5. Hypotype of G. graysonensis from the lower
Cenomanian (upper part of the T. globotruncanoides Biozone) from the
western North Atlantic (Blake Plateau), Sample 171B-1050C-25-2, 87-
89 cm; notice the four chambers in the last whorls, which are visible in
the top view (5). 6. Guembelitriella sp. from the lower Albian (equivalent
of the T. primula Biozone) sediments of the western North Atlantic (Blake
Plateau), Sample 171B-1049B-12-2, 84-89 cm; biostratigraphical frame-
work at this site was kindly made available to me by Dr. B. T. Huber (Na-
tional Museum of Natural History, Washington, D.C.); note the loose
trochospiral coil when compared to the tight one in G. graysonensis. 7-
11. Holotype of P. globifera from the upper Albian sediments (upper part
of the P. ticinensis Biozone) of the western North Atlantic (Blake Plateau),
Sample 171B-1050C-28-4, 66-69 cm; note the circular and nearly cir-
cular pores, which are visible despite the moderate diagenesis (10-11);
the elongate pores (9) are enigmatical and their evolutionary and taxo-
nomic significance is unknown yet.
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Etymology.— The name suggests that this genus is ances-
tral to the planktic foraminifera with serial chamber
arrangement.

Stratigraphic range.— Upper Albian (from the P. ticinensis
Biozone throughout the P. appenninica Biozone).

Geographic distribution.— Western North Atlantic Ocean
(Blake Plateau), Eastern North Atlantic Ocean (offshore
Cape Bojador, Spanish Sahara) and Caribbean region
(Trinidad).

Praeplanctonia globifera nov. sp.
(Pl. 2, Figs 7-11, PI. 3, Figs 1-13, Pl. 4, Figs 1-8)

1994 Neobulimina irregularis Cushman & Parker,
1932. Bolli et al., p. 131, fig. 35:16 (only).

Holotype.— Specimen WKB 010010.

Dimensions of the holotype.— Length: L = 0.241 mm;
width: W = 0.093 mm; W/L = 0.386; thickness: T = 0.067
mm; T/L = 0.278; proloculus diameter: PD = 0.035 mm.

Paratypes.— Seven specimens, WKB 010011.

Dimensions.— L = 0.182-0.244 mm; W = 0.076-0.093
mm; T = 0.058-0.068 mm. Measurements taken on 12
specimens (holotype, paratypes and topotypes).

Type location.— Western North Atlantic Ocean (Blake
Plateau), ODP Leg 171B, Site 1050C. Geographical coor-
dinates: 30° 05’ N, 76° 14’ W.

Type level.— Upper Albian (upper part of the P. ticinensis
Biozone), Sample 28-4, 66-69 cm.

Material.— Over 300 specimens.

Etymology.—The species name reflects the globular to sub-
globular shape of the chambers.

Diagnosis.— Species of Praeplanctonia with large prolocu-
lus and globular chambers, which increase slowly in size.

Description.— Test biserial throughout (PI. 2, Fig. 7, PI. 3,
Figs 1,2, 5, 6,8, 10, Pl. 4, Figs 7, 8) or, occasionally, with
a very short early triserial stage (PI. 3, Fig. 12, PI. 4, Fig. 1).
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The test is twisted along the axis of growth at least in the
earlier part. Proloculus is large, its maximum dimension
ranging between 28 and 44 pm. Chambers are globular to
subglobular, with little overlapping and slow and gradual
increase in size. Aperture is elliptical and subterminal in
position; it is bordered by an asymmetrical imperforate
rim (Pl. 2, Fig. 8, Pl. 4, Figs 1, 2, 3, 6, 7) and provided
with a toothplate. A supplementary suture is present on
the apertural face of the last-formed chamber and it ex-
tends from the aperture base to the suture between the
last-formed two chambers (PI. 3, Fig. 2, PI. 4, Figs 1-4, 6,
7). Chamber surface is smooth. Test wall is calcitic, hya-
line, nannoperforate; pores are elongate to circular in
shape, their size ranging between 0.2 and 0.5 pm.

Remarks.— Praeplanctonia globifera differs from P. quasi-
planctonica nov. sp. by having larger proloculus and lower
rate of increase in chamber size during the ontogenetic
development.

Stratigraphic range.— Upper Albian (from the P. ticinensis
Biozone throughout the P. appenninica Biozone).

Geographic distribution.— Western North Atlantic Ocean
(Blake Plateau) and Caribbean (Trinidad).

Praeplanctonia quasiplanctonica nov. sp.
(Pl. 4, Figs 9-20)

1984 Neobulimina minima Tappan, 1940. Moullade,
pl. 3, fig. 23.

Holotype.— Specimen WKB 010015.

Dimensions of the holotype.— Length: L = 0.224 mm;
width: W = 0.095 mm; W/L = 0.424; thickness: T = 0.079
mm; T/L = 0.353; proloculus diameter: PD = 0.012 mm.

Paratypes.— Five specimens, WKB 010016.

Dimensions.— L =0.162-0.227 mm; W = 0.49-0.095 mm;
T = 0.042-0.079 mm. Measurements taken on 12 speci-
mens (holotype, paratypes and topotypes).

Type location.— Western North Atlantic Ocean (Blake
Plateau), ODP Leg 171B, Site 1050C. Geographical coor-
dinates: 30° 05 N’, 76° 14" W.
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Plate 3. Scanning electron microscope photographs of paratypes of Praeplanctonia globifera nov. gen., nov. sp. 1-13. Specimens from the upper Al-
bian (upper part of the P. ticinensis Biozone) western North Atlantic (Blake Plateau), Sample 171B-1050C-28-4, 66-69 cm; note the microperforate test
wall (3, 4, 7,9, 11 and 13) and the elongate pore (7, 11).
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Type level.— Upper Albian (upper part of the P. ticinensis
Biozone), Sample 28-4, 66-69 cm.

Etymology.— The name suggests the quasi-planktic appear-
ance of this species.

Material.— Over one hundred specimens.

Diagnosis.— Species of Praeplanctonia nov. gen. with rel-
atively smaller proloculus and lower rate of chamber in-
crease in size.

Description.—Test twisted, small-sized with biserial cham-
bers arrangement throughout (PI. 4, Figs 14, 19, 20) or
sometimes with a short triserial stage in the earlier part of
the test (PI. 4, Figs 9, 12, 13, 16, 17). Proloculus is rela-
tively small, its diameter being between 11 and 14 ym.
Chambers are globular in the earlier part of the test, sub-
globular in the adult and increase slowly in size as added.
Sutures are distinct, depressed and straight to slightly
curved. Aperture is elliptical in shape and subterminal in
position; it is bordered by an asymmetrical and imperfo-
rate rim (Pl. 4, Fig. 10) and bears a toothplate (PI. 4, Figs
16-20). Chamber surface is smooth. Test wall is calcitic,
hyaline, nannoperforate with elongate to circular pores,
pore dimension ranging between 0.2 and 0.5 pm (PI. 4,
Fig. 11).

Remarks.— Praeplanctonia quasiplanctonica differs from
any species of serial planktic foraminifera in the position
of the aperture, which is subterminal and not interiomar-
ginal and by having the aperture provided with a well-de-
veloped toothplate, which is absent in the planktics with
serial chamber arrangement.

Stratigraphic range.— Upper Albian (upper part of the P.
ticinensis Biozone throughout the upper part of T. appen-
ninica Biozone).

Geographic distribution.— Western North Atlantic Ocean
(Blake Plateau) and Eastern North Atlantic Ocean (offshore
Cape Bojador, Spanish Sahara).

Genus Haigella nov. gen.

Type species.- Haigella haigi nov. sp.

Diagnosis.— Test triserial throughout or with an adult bis-
erial stage; chambers with backward-oriented peripheral
projections; aperture subterminal bearing a toothplate.

Description.— Test with serial chamber arrangement, with
a short triserial stage followed by a biserial one, approxi-
mately two times longer in the primitive species and tris-
erial throughout in the adult one. Earlier chambers are
globular, those in the adult stage of the evolved species
subangular and with lateral projections. Sutures are
deeply incised and distinct. Aperture is subcircular in
shape and subterminal in position. A supplementary su-
ture is present on the apertural face between the aperture
and suture between the last-formed two chambers. Cham-
ber surface is smooth. Test wall is calcitic, hyaline and
nannoperforate.

Remarks.— Haigella is proposed to accommodate a dis-
tinct lineage that evolved from Praeplanctonia and is con-
fined to upper Albian sediments. The life span of Haigella
is of approximately 900,000 years according to the depth-
age model for the upper Albian sediments at ODP Site
1050C (Huber in Petrizzo & Huber, 2006). This genus dif-
fers from Archaeoguembelitria nov. gen. by the presence

Plate 4. Scanning electron microscope photographs of Praeplanctonia
globifera nov. gen., nov. sp. and P. quasiplanctonica nov. gen., nov. sp.
1-2. Topotype of P. globifera from the upper Albian (middle part of the P.
appenninica Biozone) western North Atlantic (Blake Plateau), Sample
171B-1050C-27-3, 139-141 cm; note the subterminal and asymmetrical
aperture, suggesting the torsion process, which resulted in the formation
of the periapertural rim (2); note the short triserial stage visible in edge
view (1). 3-4. Edge views of two topotypes of P. globifera from the upper
Albian sediments (middle part of the P. appenninica Biozone) of the
western North Atlantic (Blake Plateau), Sample 171B-1050C-27-4, 80-
83 cm; note the distinct supplementary suture on the apertural face of the
last formed chamber, which runs from the aperture to the suture between
the last formed chamber and the penultimate one. 5-6. Topotype of P.
globifera from the upper Albian sediments (middle part of the P. appen-
ninica Biozone) of the western North Atlantic (Blake Plateau), Sample
171B-1050C-27-4, 80-83 cm; note the oblique supplementary suture
and the asymmetrical aperture resulting from the torsion of the last
formed chamber around the growth axis (6). 7-8. Topotype with numer-
ous chambers of P. globifera from the upper Albian sediments (middle
part of the P appenninica Biozone) of the western North Atlantic (Blake
Plateau), Sample 171B-1050C-27-4, 80-83 cm. 9-11. Holotype of P. qua-
siplanctonica from the upper Albian (uppermost part of the P. ticinensis
Biozone) of the western North Atlantic (Blake Plateau), Sample 171B-
1050C-28-4, 66-69 cm; notice the microperforate test wall (11). 12-15.
Three paratypes of P. quasiplanctonica from the upper Albian (upper-
most part of the P. ticinensis Biozone) of the western North Atlantic
(Blake Plateau), Sample 171B-1050C-28-4, 66-69 c¢m; note the short
early triserial stage (12). 716-20. Two hypotypes of P. quasiplanctonica
from the upper Albian (upper part of the P. appenninica Biozone) of the
western North Atlantic (Blake Plateau), Sample 171B-1052-40-3, 71-75
cm; note the exposed toothplate (17, 18 and 20).
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of the chamber peripheral projections in the evolved
species and the presence of the elongate biserial adult
stage of the primitive one. Noteworthy, a supplementary
suture on the apertural face is known also in Pyramidina
Brotzen, 1948 of the Upper Cretaceous (Santonian)-
Eocene. This genus exhibits substantial variability with re-
spect to the position of the aperture, which is situated at
the base of the last-formed chamber and becomes subter-
minal due to the symmetrical extensions of the test wall
near the base of the aperture (Brotzen, 1948; Hofker,
1957). Accordingly, Haigella and Pyramidina appear to
have evolved separately and there is no phylogenetic re-
lationship between them.

Etymology.— The genus is named after Dr. D. Haig (The
University of Western Australia) as recognition for his con-
tributions in the study of foraminifera.

Stratigraphic range.— Upper Albian (from the upper part of
the P. ticinensis Biozone throughout the lower part of the
P. appenninica Biozone).

Geographic distribution.— Western North Atlantic Ocean
(Blake Plateau).

Haigella haigi nov. sp.
(Pl. 5, Figs 7-14, PI. 7, Fig. 2)

Holotype.— Specimen WKB 010017.

Dimensions of the holotype.— Length: L = 0.405 mm;
width: W =0.177 mm; W/L = 0.437; proloculus diameter:
PD =0.031T mm.

Paratypes.— Seven specimens, WKB 010018.

Dimensions.— L = 0.215-0.405 mm. This range is based
on measurements taken on eight specimens (holotype in-
cluded). Test width could not be measured due to the fact
that all of the Haigella haigi nov. sp. specimens display
poorly preserved terminal part of the test.

Type location.— Western North Atlantic Ocean (Blake
Plateau), ODP Leg 171B, Site 1050C. Geographical coor-
dinates: 30° 05’ N, 76° 14" W.

Type level.— Upper Albian (lower part of the P. appen-
ninica Biozone), Sample 27-5, 123-125 cm.
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Material — Approximately 20 specimens.
Etymology.— As for the genus.

Diagnosis.— Haigella with triserial test and chambers of the
adult stage with lateral projections.

Description.— Test with curved growth axis and triserial
chamber arrangement. Earlier chambers are globular,
those of the adult stage present short, backward oriented
lateral projections (Pl. 5, Figs 7-14). A line of tubercles
lines up the chamber projections in the adult stage (PI. 5,
Figs 7, 8, Pl. 7, Fig. 2). Earlier part of the test with rounded
periphery; the chambers of the adult portion of the test
present subacute to acute periphery due to the develop-
ment of backward oriented chamber projections. Sutures
are distinct, deeply incised, straight or slightly curved.
Aperture is single, elliptical in shape and subterminal in
position (Pl. 5, Figs 10, 14). It is bordered by an asymmet-
rically developed imperforate rim. A supplementary su-
ture is present on the apertural face, between the base of
the aperture and the suture between the last-formed and
penultimate chamber (PI. 5, Figs 10, 14). Chamber sur-
face is smooth. Test wall is calcitic, hyaline and nannop-
erforate, with pore diameter ranging between 0.2 and 0.5
pum (Pl. 7, Fig. 2).

Plate 5. Haigella intermedia nov. gen., nov. sp., Haigella haigi nov. gen.,
nov. sp. and Archaeoguembelitria cenomana (Keller, 1935). 1-2. Holo-
type of H. intermedia from the upper Albian (lower part of the P. appen-
ninica Biozone) of the western North Atlantic (Blake Plateau), Sample
171B-1050C-27-5, 123-125 cm; note the early triserial stage (2) and sup-
plementary suture on the last formed chamber (2). 3-4. Paratype of H. in-
termedia from the upper Albian (lower part of the P. appenninica
Biozone) of the western North Atlantic (Blake Plateau), Sample 171B-
1050C-27-5, 123-125 cm; note the incipient backward oriented cham-
ber projections (4). 5-6. Topotype of H. intermedia from the upper Albian
(lower part of P. appenninica Biozone) of the western North Atlantic
(Blake Plateau), Sample 171B-1050C-28-1, 20-21 cm; note the higher
number of chambers when compared to the holotype. 7-8. Holotype of
H. haigi from the upper Albian (lower part of the P. appenninica Bio-
zone) of the western North Atlantic (Blake Plateau), Sample 171B-
1050C-27-5, 123-125 cm; note the small tubercles bordering the acute
periphery of the backward oriented chamber projections. 9-714. Five
paratypes of H. haigi from the upper Albian (lower part of the P. appen-
ninica Biozone) of the western North Atlantic (Blake Plateau), Sample
171B-1050C-27-5, 123-125 cm; note the consistently crushed last
formed chamber(s) due to the very thin test wall in the distal portion of
the test; note the supplementary suture in a paratype with relatively bet-
ter preservation of the last formed chamber (14). 715-17. Hypotype of A.
cenomana from the upper Albian (upper part of P. ticinensis Biozone) of
the western North Atlantic (Blake Plateau), Sample 171B-1050C-28-4,
80-83 cm; note the microperforate test wall (16 and 17). Photographs
were taken with the Microprobe (1-14) and SEM (15-17).
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Remarks.— Haigella haigi differs from H. intermedia by
being completely triserial and bearing well developed
backward-oriented chamber projections in the adult stage.
The specimens with relatively similar gross test architec-
ture reported from the lower Turonian (offshore Ghana,
equatorial Atlantic Ocean) and assigned to Praebulimina
sp. 1 by Holbourn & Kuhnt (1998, p. 363, pl. 3, figs 1-2)
cannot be included within Haigella. They present cham-
ber projections without lined peripheral tubercles and
aperture situated at the base of the apertural face, without
relict suture.

Stratigraphic range.— Upper Albian (lower part of the P.
appenninica Biozone).

Geographic distribution.— Western North Atlantic Ocean
(Blake Plateau).

Haigella intermedia nov. sp.
(PI.'5, Figs 1-6, PI. 7, Fig. 1)

Holotype.— Specimen WKB 010019.

Dimensions of the holotype.— Length: L = 0.264 mm;
width: W = 0.080 mm; W/L = 0.303; length of the early
triserial stage: LET = 0.086 mm; LET/L = 0.326; prolocu-
lus diameter: PD = 0.029 mm.

Paratypes.— Two specimens, WKB 010020.

Dimensions.— L = 0.289-0.337 mm; W = 0.080-0.106
mm; W/L = 0.280-0.314. Measurements based on five
specimens (holotype included).

Type location.— Western North Atlantic Ocean (Blake
Plateau), ODP Leg 171B, Site 1050C. Geographical coor-
dinates: 30° 05 N’, 76° 14" W.

Type level.— Upper Albian (lower part of the P. appen-
ninica Biozone), Sample 27-5, 123-125 cm.

Etymology.— The name of the species suggests it is inter-
mediate between Praeplanctonia globifera and Haigella
haigi.

Material — Approximately 40 specimens.
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Diagnosis.— Haigella with occasionally developed early
triserial stage and biserial in the adult.

Description.— Test with biserial chamber arrangement
throughout (PI. 5, Figs 5, 6) or with an early triserial stage
(Pl. 5, Figs 1, 2). Earlier chambers are globular, those of
the adult stage subglobular and with a slight backward
elongation, resulting in a strongly lobate outline in lateral
view (Pl. 5, Figs 2, 4, 5, 6, Pl. 7, Fig. 1). Sutures are deeply
incised, straight to slightly curved. Aperture is small, el-
liptical in shape and subterminal in position (PI. 5, Figs 1,
2); it is bordered by an asymmetrically developed imper-
forate rim (Pl. 5, Fig. 2). A supplementary suture is devel-
oped between the aperture and the suture between the
last and penultimate chambers (PI. 5, Figs 2, 4). Chamber
surface is smooth. Test wall is calcitic, hyaline and
nannoperforate; pore diameters range between 0.2 and
0.5 pm (Pl. 7, Fig. 1).

Remarks.— Specimens of Haigella intermedia differ from
its ancestor, Praeplanctonia globifera, by having back-
ward-oriented incipient chamber elongations in the adult
stage and the strongly lobate outline. This is a rare species

Plate 6. Archaeoguembelitria cenomana (Keller, 1935), Archaeoguem-
belitria harrisi (Tappan, 1940) and Pleurostomella obtusa Berthelin, 1880.
1-3. Hypotype of A. cenomana from the upper Albian (middle part of P.
ticinensis Biozone) of the western North Atlantic (Blake Plateau), Sam-
ple 171B-1050C-29-5, 72-75 c¢m; note the numerous chambers of the
test (1) and microperforate test wall (2). 4. Hypotype of A. cenomana
from the upper Albian (upper part of P. ticinensis Biozone) of the west-
ern North Atlantic (Blake Plateau), Sample 171B-1050C-28-4, 66-69 cm;
note the numerous chambers of the test. 5-6. Specimen with intermedi-
ate features of chamber ornamentation between A. cenomana and A.
harrisi from the upper Albian (upper part of the T. appenninica Biozone)
of the western North Atlantic Ocean (Blake Plateau), Sample 171B-
1052E-40-3, 51-53 cm; note the incipient pore mounds (6). 7. Hypo-
type of Archaeoguembelitria harrisi (Tappan, 1940) from the New Jersey
Coastal Plain subsurface, Bass River Formation (Cenomanian-lower Tur-
onian); the specimen could be examined courtesy to Dr. R. K. Olsson
(Rutgers, The State University of New Jersey); note the well-developed
pore mounds on the test surface. 8-71. Two hypotypes of P. obtusa
Berthelin, 1880 from the upper Albian (lower part of the P. ticinensis Bio-
zone) of the western North Atlantic (Blake Plateau), Sample 171B-
1050C-31-2, 80-84 cm; note the two triangular teeth united by a ridge
(9 and 10), structure similar to that illustrated by Holbourn et al. (2001,
pl. 3, figs 5-6). 12-13. Hypotype of P. obtusa Berthelin, 1880 from the
upper Albian (lower part of the P. ticinensis Biozone) of the western
North Atlantic (Blake Plateau), Sample 171B-1050C-31-2, 130-134 cm.
14. P. sp. from the lower Campanian (Archaeoglobigerina cretacea Bio-
zone) of the South Atlantic Ocean (Falkland Plateau), Sample 79-511-32-
1, 19-22 cm; specimen illustrated to show the triangular teeth, which
are independent and therefore quite different of those recorded in the
Aptian-Albian representatives of the genus Pleurostomella; planktic
foraminiferal zonation after Huber (1992) and Huber et al. (1995). Pho-
tographs were taken with the SEM (1-7, 14) and Microprobe (8-13).
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Plate 6
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and only a few specimens of it were recorded in most of
the samples where it occurs.

Stratigraphic range.— Upper Albian (from the upper part of
the P. ticinensis Biozone throughout lower part of the T.
appenninica Biozone).

Geographic distribution.— Western North Atlantic Ocean
(Blake Plateau).

Family ARCHAEOGUEMBELITRIIDAE nov. fam.

Description.— Test is triserial throughout with globular
chambers; aperture is semicircular, situated at the base of
the last formed chamber; test wall is calcareous, smooth
to ornamented with pore mounds, microperforate.

Stratigraphic range.— Upper Albian-lowermost Turonian
(from the P ticinensis Biozone to the W. archaeocretacea
Biozone).

Genus Archaeoguembelitria nov. gen.

Type species.- Giimbelitria harrisi Tappan, 1940, p. 115,
pl. 19, fig. 2.

Diagnosis.— Test triserial with chamber surface exhibiting
the transition from completely smooth to pore mounds.

Description.— Test triserial throughout, twisted or not.
Chambers are globular and increase gradually in size as
added. Sutures are distinct and depressed. Aperture is um-
bilical in position, large, a high arch situated at the base
of the last formed chamber. A thin and delicate lip bor-
ders the aperture. Chamber surface is smooth in the ear-
lier species and with pore mounds in the evolved ones.
Test wall is calcitic, hyaline, microperforate.

Remarks.— Archaeoguembelitria is proposed for a lineage
of upper Albian to lowermost Turonian age, which con-
sists of triserial foraminifera and were previously included
within Guembelitria (Fig. 2). The test surface shows grad-
ual transition between the earlier, smooth A. cenomana
(Keller, 1935) and the evolved species, which bears pore
mounds on the test surface, namely A. harrisi (Tappan,
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1940). This sequence in the development of test ornamen-
tation from smooth to pore mounds is relatively similar to
the late Santonian-earliest Paleocene Guembelitria,
namely G. sp. (smooth surface)-G. turrita (pustulose)-G.
cretacea (pore mounds).

Etymology.— The prefix “archaeo-* (ancient, old) is added
to the pre-existent genus name Guembelitria.

Stratigraphic range.— Upper Albian to lowermost Turonian
(from the P. ticinensis Biozone throughout the lower part
of the W. archaeocretacea Biozone).

Geographic distribution.— Cosmopolitan.

Archaeoguembelitria harrisi (Tappan, 1940) - emended
(Pl. 6, Fig. 7)

1940 Gumbelitria harrisi Tappan, p. 115, pl. 19, fig. 2.

1970 Guembelitria harrisi (Tappan, 1940). Eicher &
Worstell, p. 296, pl. 8, figs 1-2.

1973 Guembelitria harrisi (Tappan, 1940). Smith &
Pessagno, pl. 2, figs 1-3.

1977 Guembelitria harrisi Tappan, 1940. Petters,
pl. 1, fig. 1.

1983 Guembelitria harrisi Tappan, 1940. Petters,
pl. 1, fig. 1.

1985 Guembelitria cenomana (Keller, 1935). Caron,
p. 57, figs 24:3-4.

1990 Guembelitria cenomana (Keller, 1935). Kroon &
Nederbragt, p. 33, pl. 2, figs 8-9.

Emended description.— Test triserial throughout, rarely
twisted or with curved axis of growth. Chambers are glob-
ular throughout and increase gradually in size; the last
three chambers form approximately one third of the test.
Proloculus is subspherical and with the maximum dimen-
sion between 12 and 19 pm. Sutures are deeply incised,
straight to slightly curved. Aperture is situated at the base
of the last-formed chamber and has a semicircular shape
with variable height. It is bordered by an asymmetrically
developed, thin and imperforate lip and provided with a
relict, small toothplate. Chamber surface is smooth in the
earlier part of the test and with pore mounds over the last-
formed chambers of the test (Pl. 6, Fig. 7). Test wall is cal-
citic, hyaline and microperforate; pore diameter ranges
between 0.5 and 0.7 pm.
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Remarks.— This species is emended to include only the
specimens with pore mounds. There are significant mor-
phological resemblances between A. harrisi and Guem-
belitria cretacea Cushman, 1933 mainly with respect to
the chamber surface ornamented with pore mounds (Fig.
2) and the aperture bordered by a narrow imperforate lip
provided with a small toothplate. Such similar structures
were achieved in distinct lineages and there are no
records of similar tests in the Turonian-middle Campan-
ian stratigraphic interval.

Stratigraphic range.— Uppermost Albian-lowermost Turon-
ian (from the uppermost part of the P. appenninica Bio-
zone to the lower part of W. archaeocretacea Biozone).

Geographic distribution.— USA (Texas, Wyoming, Col-
orado, South Dakota, Nebraska, Kansas, New Jersey),
western North Atlantic Ocean (Blake Plateau), northern
Africa (Tunisia), Gulf of Guinea and South-East Asia (In-
donesia).

Archaeoguembelitria cenomana (Keller, 1935)
(PI. 5, Figs 15-17, Pl. 6, Figs 1-4)

1935 Gimbelina cenomana Keller, p. 557, pl. 3, figs
13-14.

1967 Guembelitria harrisi (Tappan, 1940). Pessagno,
p. 258, pl. 48, figs 12-13.

1972 Guembelitria harrisi (Tappan, 1940). Michael,
p. 207, pl. 6, fig. 7.

1984 Guembelitria cenomana (Keller, 1935). Leckie,
p- 593, pl. 11, fig. 12.

2006 Guembelitria cenomana (Keller, 1935).
Petrizzo & Huber, pl. 1, fig. 1.

Description.— Test triserial throughout, twisted and often
with curved axis of growth (PI. 5, Fig. 15, Pl. 6, Figs 1, 3,
4). Chambers are globular, increase gradually in size and
overlap at various rates. Proloculus is subspherical in shape
and with a maximum dimension ranging between 14.8
and 22 pm. Sutures are distinct, depressed and straight to
slightly curved. Aperture is situated at the base of the last-
formed chamber; it is slightly asymmetrical, semicircular in
shape, bordered by a narrow and imperforate lip and pro-
vided with a small toothplate. Chamber surface is smooth.
Test wall is calcitic, hyaline and nannoperforate to microp-
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erforate; pore diameter ranges between 0.3 and 0.7 pm (PI.
5, Figs 16, 17, Pl. 6, Figs 2, 6).

Remarks.— Archaeoglobigerina cenomana differs from A.
harrisi in having smooth chamber surface, less incised su-
tures and smaller apertural opening.

Stratigraphic range.— Upper Albian (from the P. ticinensis
Biozone to the T. appenninica Biozone).

Geographic distribution.— USA (Texas), Northern Atlantic
Ocean (Blake Plateau and Mazagan Plateau), Tethys
Realm (southwest Russia) and northern Africa (Tunisia).

Superfamily PLEUROSTOMELLACEA Reuss, 1860
Family PLEUROSTOMELLIDAE Reuss, 1860
Subfamily PLEUROSTOMELLINAE Reuss, 1860
Genus Pleurostomella Reuss, 1860

Type species: Dentalina subnodosa Reuss, 1851, p. 24.

1860 Pleurostomella Reuss, p. 203.

1911 Pleurostomellina Schubert, p. 58.

1928 Ellipsonodosaria (Ellipsodentalina) Franke, p. 54.

1967 Clarella Fuchs, p. 333.

1987 Pleurostomella Reuss, 1860, Loeblich &
Tappan, p. 538.

Diagnosis.— Test loose biserial throughout with terminal
aperture with projecting hood and provided with two
symmetrically positioned triangular teeth.

Description.— Test loose biserial throughout. Chambers are
globular to elongate and separated by depressed sutures.
Aperture is large, with a projecting hood and with two
symmetrically developed triangular teeth. Chamber sur-
face is smooth. Test wall is calcareous, hyaline and
nannoperforate.

Remarks.— Pleurostomella Reuss, 1860 is a genus with sig-
nificant morphological variability. The species from the
Aptian and Albian have in general a slightly elongate
chamber in the biserial stage and low rate of chamber size
increase in the adult. Pleurostomella mirabilis Bukalova
(1960, p. 230, pl. 1, fig. 6) from the upper Albian of the
Caucasus is not congeneric and should be probably trans-
ferred to Bandyella Loeblich & Tappan, 1962.
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Stratigraphic range.— Aptian throughout the Holocene.

Geographic distribution.— Cosmopolitan.

Pleurostomella obtusa Berthelin, 1880
(Pl. 6, Figs 8-13, PI. 7, Figs 3-4)

1880 Pleurostomella obtusa Berthelin, p. 29, pl. 1,
fig. 9.

1954 Pleurostomella obtusa Berthelin, 1880.
Bartenstein, p. 41.

1965 Pleurostomella obtusa Berthelin, 1880. Neagu,
p. 29, pl. 7, figs 29-32.

1977 Pleurostomella obtusa Berthelin, 1880. Sliter,
pl. 6, fig. 6.

1979 Pleurostomella (Clarella) bulbosa (Ten Dam,
1950). Sigal, pl. 4, figs 12-13.

Description.— Test with chambers in a loose biserial
arrangement. Chambers are subglobular, the last formed
ones being slightly elongate in the direction of test growth.
Proloculus is large, its maximum dimension being be-
tween 42 and 55 pm. Sutures are deeply incised, slightly
curved and oblique to the long axis of the test when seen
in edge view. Aperture large and with a projecting hood
and two short triangular teeth, which are united by a
bridge-like plate (PI. 6, Figs 9, 10, 13, Pl. 7, Figs 3-4).
Chamber surface is smooth. Test wall is calcitic, hyaline
and nannoperforate; pore diameter ranges between 0.10
and 0.16 pm (Pl. 6, Figs 8-13, Pl. 7, Figs 3-4).

Remarks.— Pleurostomella obtusa differs from P. subno-
dosa Reuss, 1860 in having a larger proloculus and lower
rate of chamber increase in size. Pleurostomella copiosa
Bukalova (1960, p. 229, pl. 1, fig. 8) described from the
upper Albian of northwestern Caucasus, has the chambers
of the adult stage with a very low rate of size increase,
which results in a nearly tubular appearance in the adult
portion. The differences in the rate of chamber increase in
size, which is higher in P. obtusa, warrants the distinction
of the two species, in which P. obtusa is the ancestor and
P. copiosa its descendant. This species is recorded at Site
1050C only in the sediments from the lower part of the P.
ticinensis Biozone. However, the first evolutionary occur-
rence of this species is well documented in the middle Al-
bian of the Romanian sector of the Moesian Platform
(Neagu, 1965, p. 2).
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Stratigraphic range.— Middle-upper Albian (from the T.
primula Biozone to P. ticinensis Biozone).

Geographic distribution.— Europe (France, Romania, Ger-
many), North Atlantic (Blake Plateau, southern Vigo
Seamount) and western South Atlantic (Sao Paolo Plateau).

Superfamily UNCERTAIN
Family GUEMBELITRIIDAE Montanaro Gallitelli, 1957
Genus Guembelitria Cushman, 1933

Type species.- Guembelitria cretacea Cushman, 1933, p.
37, pl. 4, fig. 12.

1933 Guembelitria Cushman, p. 37.
1957 Guembelitria Cushman, 1933, Montanaro
Gallitelli, p. 136.

1964 Guembelitria Cushman, 1933, Loeblich &
Tappan, p. C652.

1987 Guembelitria Cushman, 1933, Loeblich &
Tappan, p. 453.

1990 Guembelitria Cushman, 1933, Kroon &

Nederbragt, p. 33.
1999 CGuembelitria Cushman, 1933, Olsson et al.,
p. 79.

Diagnosis.— Test triserial, with test surface smooth, pustu-
lose or ornamented with pore mounds.

Description.— Test is triserial. Chambers are globular, inc-
reasing in size as added. Sutures are straight or slightly
curved, distinct and depressed. The aperture is in the
shape of a medium or high arch. It is bordered by a
slightly asymmetrical lip and is provided with a relict
toothplate. Chamber surface is variable, ranging from
smooth to pustulose or with pore mounds (Fig. 3). Test
wall is calcitic, hyaline and microperforate.

Remarks.— The genus Guembelitria was defined based on
the triserial chamber arrangement (Cushman, 1933) and
this definition was followed with few changes since then
(Loeblich & Tappan, 1964, 1987; Kroon & Nederbragt,
1990; Koutsoukos, 1994; Olsson et al., 1999). The most
significant advances in our knowledge of the morphology
of Guembelitria are the descriptions of different ornamen-
tation patterns in various species of the genus. Pore
mounds on the chamber surface are well-known in C. cre-
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Plate 7

Plate 7. High magnification scanning electron microscope micrographs of Haigella nov. gen. and Pleurostomella Reuss, 1860 from the upper Albian
sediments of ODP Site 1050C, illustrating the nannoporous test wall. 7. Edge view of the holotype of holotype of H. intermedia nov. sp. (specimen fig-

ured in Pl. 5, figs 1-2). 2. Holotype of H. haigi nov. sp. (specimen figured in PI. 5, figs 7-8). 3. Hypotype of P. obtusa (specimen figured in PI. 6, figs
12-13). 4. Hypotype of P. obtusa (specimen figured in PI. 6, figs 8-9).
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tacea (Olsson, 1970; Smith & Pessagno, 1973; Keller,
1989; Liu & Olsson, 1992; Olsson et al., 1999) (Fig. 2).
Guembelitria turrita, which was described by Kroon & Ne-
derbragt (1990) from the sediments adjacent to the Cam-
panian-Maastrichtian boundary from the Grand Banks
(North Atlantic Ocean, offshore Canada) exhibits orna-
mentation consisting of small-sized, scattered pustules on
the earlier chambers of the test. Triserial tests with comple-
tely smooth surface are also known from the Late Cretace-
ous (late Santonian-Maastrichtian). These tests seemingly
occur only in the Eastern Hemisphere. Excellently preser-
ved material from the Maastrichtian of Madagascar was
recently shown to the author by Dr. S. Abramovich (Ben
Gurion University of the Negev, Israel). This guembelitriid
species differs from C. turrita in having the test completely
smooth. Its taxonomic status will be the subject of a
forthcoming article. Accordingly, Guembelitria Cushman,
1933 s. s. appears to be restricted to the late Santonian-
early Paleocene and it includes a lineage that initiates with
smooth tests (C. sp.), continued with tests with pustulose
chamber surface (C. turrita) and the end member bears
pore mounds (C. cretacea). A distinct lineage from the
upper Cenomanian and Turonian sediments of the Wes-
tern Interior of Canada and USA consists of two species
described by Stelck & Wall (1954, 1955). These were ori-
ginally reported as G. cretacea Cushman var. albertensis
Stelck & Wall (1954, p. 23, pl. 2, fig 19) and C. cretacea
Cushman var. spiritensis Stelck & Wall (1955, p. 44, pl. 2,
fig. 11). The former is characterized by a test consisting of
two stages, triserial in the earlier portion of the test and
biserial in the adult and the latter is triserial throughout.
The two species were considered synonyms and included
within Neobulimina by Eicher (1966, p. 26) and this taxo-
nomic solution was followed by Eicher & Worstell (1970,
p. 290) and McNeil & Caldwell (1981, p. 218). The ex-
cellent illustrations given by Eicher & Worstell (1970, pl.
4, figs 2-4) and McNeil & Caldwell (1981, pl. 18, figs 2-
3) show clearly that these are benthic tests and therefore
cannot be assigned to Guembelitria. Triserial tests are
known at lower stratigraphical levels. For example, Wall
(1960, p. 109, pl. 1, figs 23-24) reported Giimbelitria sp.
from the Shaunavon Formation (Bathonian) of Saskatche-
wan (Canada). The illustrations given by Wall (1960) show
clearly tests with guembelitriid appearance. Notably, no
additional occurrences were discovered in the course of
a more recent study by Brooke & Braun (1972). This re-
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port needs further documentation to demonstrate the oc-
currence of truly guembelitriid the
Jurassic/Cretaceous boundary.

tests below

Stratigraphic range.— Late Santonian-early Paleocene (from
the D. asymetrica Biozone throughout the Paleocene
planktic foraminiferal Biozone P1b). Paleocene biozona-
tion is after Olsson et al. (1999).

Geographic distribution.— Cosmopolitan.

Guembelitria cretacea Cushman, 1933
(Fig. 4)

1933 Gimbelitria cretacea Cushman, p. 37, pl. 4, fig.
12.

1967 Guembelitria Cushman,
Pessagno, p. 258, pl. 87, figs 1-3.

1973 Guembelitria cretacea Cushman, 1933. Smith
& Pessagno, p. 15, pl. 1, figs 1-8.

1990 Guembelitria cretacea Cushman, 1933. Huber,
p. 502, pl. 1, fig. 1.

1992 Guembelitria cretacea Cushman, 1933. Liu &
Olsson, p. 341, pl. 1, figs 1-2.

1999 Guembelitria cretacea Cushman, 1933. Olsson
etal., p.79,pl. 8, figs 1-3, pl. 13, fig. 3, pl. 63,
figs 1-12.

2003 Guembelitria Cushman,
Abramovich et al., pl. 1, fig. 1.

cretacea 1933.

cretacea 1933.

Description.— Test is triserial. Chambers are globular and
increase gradually in size. Sutures are straight or slightly
curved, distinct and depressed. Aperture is large and bor-
dered by an asymmetrical imperforate rim and provided
with a poorly developed toothplate. Chamber surface is
ornamented with pore mounds or a mixture of pore
mounds and scattered pustules. Test wall is calcitic, hya-
line and nannoperforate to microperforate; pores are cir-
cular in shape, with diameter between 0.4 and 0.8 um.

Remarks.— Guembelitria cretacea differs from any other
Late Cretaceous triserial planktic foraminifer by the cham-
ber surface covered with pore mounds or a combination
of pores and pore mounds. Morphologically it is similar to
Archaeoguembelitria harrisi of the Cenomanian-early Tur-
onian. Such similarity in test morphology appears the re-
sult of convergent evolution in two distant lineages.
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Figure 4. Specimens of Guembelitria cretacea Cushman, 1933. 7-2. Two
hypotypes from the Maastrichtian sediments of Madagascar with well-
developed pore mounds on the test surface. The photographs were
kindly made available by Dr. Sigal Abramovich (Ben Gurion University
of the Negev, Israel). 3-4.Topotypes from the Navarro Formation (upper
Maastrichtian) of Texas; specimens from the Loeblich and Tappan Topo-
type Collection (USNM 473122).

Stratigraphic range.— Maastrichtian to early Paleocene
(from the A. mayaroensis Biozone throughout the Pale-
ocene planktic foraminiferal Biozone P1b).

Geographic distribution.— Cosmopolitan.

6. DISCUSSION AND CONCLUSIONS

New detailed data on the general test morphology, test
wall ultrastructure and porosity and stratigraphic distribu-
tion apparently indicate that the ancestor of the biserial
planktic foraminifera (Superfamily Heterohelicacea Cush-
man, 1927) was among the small sized benthics with a
serial chamber arrangement. The evolutionary process
through which a small group of benthic foraminifera with
serial chamber arrangement was extremely complex, in-
volving major changes in chamber arrangement, aperture
size and shape, periapertural structures and test porosity.

A most interesting and new benthic foraminiferal group
from the upper Albian sediments fills in the gap between
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the benthic and planktic foraminifera with serial chamber
arrangement (Fig. 5). Superfamily Praeplanctoniacea in-
cludes Family Praeplanctonidae nov. and Family Ar-
chaeoguembelitriidae nov. The former consists entirely of
benthic taxa and the latter of species that document the
gradual transition from the benthic to planktic way of life.
The newly described Superfamily Praeplanctoniacea is ge-
ographically restricted to the southern North Atlantic
(Blake Plateau and offshore Cape Bojador, Spanish Sahara)
and Caribbean region (Trinidad), an area that covers in
part that of the earliest planktic foraminifera [Caribbean
region, southern North Atlantic, Western Interior Seaway
(USA and Canada) and North Seal].

6.1. Praeplanctonia - the key genus in the
quest for heterohelicid ancestors

Praeplanctonia occurs in the upper Albian (P. ticinensis
Biozone and P. appenninica Biozone) sediments at Blake
Nose. It consists of two species, P. globifera and P. quasi-
planctonica. This genus exhibits a serial chamber arrange-
ment, which can be either biserial throughout or with a
short earlier triserial stage and biserial when adult. This
kind of variability with respect to the chamber arrange-
ment shows remarkable consistency in the two species
and is therefore considered a characteristic at genus level.

The two species of Praeplanctonia have different size of
proloculus, which is larger in P. globifera (28-44 pm in
maximum dimension) and smaller in P. quasiplanctonica
(11-14 pm). The evolutionary trend is towards the devel-
opment of small proloculus from a more primitive, larger
one as shown in the record of the two species at ODP Site
1050C, where only P. globifera occurs in the lower part
of the P. ticinensis Biozone. This trend can be observed in
all the four lineages, which were initiated from P. glob-
ifera throughout the P. ticinensis Biozone: (i) P. globifera
(28-44 pm) — Archaeoguembelitria cenomana (14.8-22
pm), (ii) P. globifera (28-44 pm) — “Heterohelix” washiten-
sis (3-1 pym), (iii) P. globifera (28-44 ym) — P. quasiplancton-
ica (11-14 pm) and (iv) P. globifera (28-44 um) — Haigella
intermedia (19-24 um).

Another feature which proved of taxonomically significant
is the supplementary suture on the apertural face of the
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Figure 6. Microprobe photographs of Praeplanctonia globifera nov. gen.,
nov. sp. (1-3) and P. quasiplanctonica nov. gen., nov. sp. (4) showing the
supplementary suture and periapertural rim or lip, which demonstrates
that the aperture “wrapping” process can be either dextral or sinistral. 1:
Sample 171B-1050C-31-1, 102-105 c¢cm; 2: Sample 171B-1050C-31-1,
132-134 cm; 3: Sample 171B-1050C-27-4, 80-83 c¢m; 4: Sample 171B-
1050C-28-6, 66-69 cm.

last-formed chamber (Fig. 6, 1-4). This additional suture is
consistently present in the specimens of Praeplanctonia
and it connects the aperture base and the last suture
namely that between the last formed and penultimate
chambers. In some specimens the supplementary suture is
situated within a depression on the apertural face. Note-
worthy, the supplementary suture is always oblique both
to the test last suture and test axis of growth. A relatively
similar structure was previously described from the type
species of Pyramidina, namely P. curvisuturata (Brotzen,
1940). The formation of this structure was explained by
Brotzen (1940, p. 17) as follows: “The aperture in the ini-
tial stage is elongate at the base of the apertural face as in
Bulimina. In the following stage the apertural opening will
be contracted near the base and the apertural opening ac-
quires a more terminal position. In this stage a distinct su-
ture is visible between the base and the apertural opening.”
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As a result, the supplementary suture in P. curvisuturata is
straight and this appearance contrasts to that known in the
Praeplanctonia species, which is oblique. Detail SEM mi-
crographs show that the supplementary suture of Prae-
planctonia is the result of a “wrapping” process of the
adjacent test wall over the apertural area (PI. 4, Fig. 2).

6.2. The origin of Praeplanctonia;
Pleurostomella — Praeplanctonia lineage

The “wrapped” test wall in the proximity of the aperture in
Praeplanctonia globifera and P. quasiplanctonica suggests
that the ancestor of this genus probably had a wider aper-
tural opening, which was situated at the base of the last
chamber of the test. There is a single genus in the upper
Albian, which has such a large apertural opening, namely
Pleurostomella. Very few data are known about the evolu-
tionary trends, ancestor and possible descendants of this
genus. The only account on this subject was given by Loe-
blich & Tappan (1974, p. 46). These authors noted that
Family Pleurostomellidae Reuss, 1860 might have been
evolved from the members of the Family Glandulinidae
Reuss, 1860 based on the similarities in the test wall struc-
tures but no further details were given. The stratigraphic
range of Pleurostomella was considered Cretaceous (Apt-
ian) throughout Recent by Loeblich & Tappan (1987, p.
538).

The species of Pleurostomella are characterized in general
by significant morphological variability with respect to the
proloculus size, chamber increase in size, test wall perfo-
rations and position of the apertural teeth. Moreover, it
seems that some of these features are consistent with the
stratigraphical distribution of certain groups of species and
therefore, a possible polyphyletic nature of Pleurostomella
cannot be a priori excluded. However, the Aptian-Albian
group of species, which includes the type species P. subn-
odosa (Reuss, 1851) is characterized by large proloculus
(48-57 pm maximum dimension), nannoperforate test
wall, relatively low rate of chamber size increase and
apertural teeth connected by a bridge-like calcareous
plate.

There are two common morphological features in the ear-
liest representatives of Praeplanctonia globifera and the
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Figure 7. Periapertural structures and toothplate in Pleurostomella (1) and Praeplanctonia (2-4). 1. P. obtusa Berthelin, 1880 — 1 and 2: apertural teeth,
3: bridge-like calcareous plate. 2. P. globifera nov. sp. — 4: prolongation of the periapertural test wall, 5: periapertural rim resulted from the merging
and migration of the pleurostomellid periapertural structures. 3. P. quasiplanctonica nov. sp. — 6: toothplate. 4. P. quasiplanctonica nov. sp. — 7: tooth-

plate, 8: toothplate branch.

specimens from the last occurrences of Pleurostomella ob-
tusa at ODP Hole 1050C: generally large-size proloculus,
42-55 pm in the latter when compared to 28-44 pym in the
former and similar rate of chamber increase in size. There
are other taxa with a large proloculus in the Albian, such
as Dentalina soluta Reuss, 1851, D. distincta Reuss, 1860,
D. guttifera d’Orbigny, 1846, etc. but all of them belong
to Suborder Lagenina Delage & Hérouard, 1896 and
therefore have a cribrate aperture (Neagu, 1965; Barten-
stein et al., 1966; Bartenstein & Bolli, 1973). Conse-
quently, a phylogenetic relationship between these
lagenid species and P. globifera cannot be taken in con-
sideration. The chamber rate of increase in size can be
only qualitatively estimated, due to the twisted tests of P,
globifera, which occasionally have early triserial stage.
However, the similarities in rate of chamber increase in
size between P. obtusa and P. globifera are evident in all
the examined specimens. There are contradictory data in
the record at ODP Hole 1050C, where the occurrences
of P. obtusa are above the first evolutionary appearance
of P. globifera. Lower stratigraphical occurrences of P. ob-
tusa are well documented in the Romanian sector of the
Moesian Platform, where they occur in middle Albian, in
foraminiferal assemblages associated with the ammonite
Anahoplites intermedius Biozone (Neagu, 1965).

A distinct evolutionary trend in the development of the
apertural structures is recognized in this study. The two
apertural triangular teeth of Pleurostomella are symmetri-
cally developed and with the same ultrastructure as the
test wall in the earliest member of the genus, P. prima Bet-
tenstaedt & Spiegler, 1982 (upper Aptian-lower Albian).
In the late representatives of the Aptian-Albian pleu-
rostomellid stock, the teeth are united by a thin calcare-
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ous, bridge-like plate (Fig. 7, 1). This feature is observed in
P. subnodosa Reuss, 1860 and P. gracillis Bettenstaedt &
Spiegler, 1982, the latter being considered here a junior
synonym of P. copiosa (Bukalova, 1960). This newly ob-
served structure in P. obtusa is of particular importance in
identifying the evolutionary trends in the Pleurostomella-
Praeplanctonia lineage, as it most likely represents the an-
cestor structure of the periapertural rim of Praeplanctonia
globifera. The transition of the pleurostomellid aperture to
that of P. globifera can be explained through the torsion of
the test wall around the chamber longitudinal axis. This
process results in the overlapping of the test wall at the
base of the aperture, which is no longer situated at the
base of the chamber in P. globifera when compared with
its ancestor, P. obtusa. Test wall overlapping leads to the
formation of the supplementary suture and in the case of
specimens with a thinner test wall a triangular depression
area is present. The complex apertural structures consist-
ing of the two teeth connected by the calcareous bridge-
like structure apparently migrate towards the lateral sides
of the modified aperture. This migration is accompanied
by the anastomosing of the three components (i.e., the two
teeth and thin bridge-like structure between them), which
result in the formation of the periapertural rim (Fig. 7, 2).
Tests documenting this process are extremely rare, but one
of them was figured by Bettenstaedt & Spiegler (1982, pl.
7.3-4, fig. 8) and originally assigned to P. elongata. Test
wall torsion can be either dextral or sinistral (Fig. 6), which
is demonstrated by the presence of the newly formed pe-
riapertural rim on either side of the aperture in P. glob-
ifera.

Apertures with a toothplate have not been reported in any
Pleurostomella species of the Aptian and Albian (Betten-
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staedt & Spiegler, 1982; Holbourn et al., 2001; this study).
Two broken specimens of P. obtusa from the Blake Plateau
(ODP Hole 10500C) did not reveal any additional informa-
tion due to chamber infill. The earliest occurrences of
tube-like structures connecting the successive foramina in
representative of this genus are from P. nitida Morrow,
1934 of the upper Cenomanian-Turonian (Eicher &
Worstell, 1970, pl. 4, figs 8-9) and P. articulata (Brotzen,
1936) of the lower Senonian (Brotzen, 1936). We can only
conclude that the toothplate in Praeplanctonia is the result
of the test wall torsion process (Fig. 7, 3-4), which may
have produced significant changes in the pleurostomellid
aperture and periapertural structures. This conclusion is
also supported by the fact that the toothplate, whenever
observed, is always present on the opposite side of the test
than the periapertural rim.

Another major evolutionary trend in the Pleurostomella-
Praeplanctonia lineage is the increase in pore diameter in
the latter genus. The Aptian-Albian representatives of the
genus Pleurostomella have small sized pores (nanno-
pores), their diameter being between 0.10 and 0.16 um.
Over 20 P. globifera specimens were studied in detail in
SEM micrographs and demonstrated, without exception,
that the test wall of the specimens of this species is thor-
oughly nannoperforate, but the pore diameter varies be-
tween 0.2 and 0.5 pm. It can also be concluded that the
increase in pore size could be related to the reduction in
the surface of the apertural opening, in order to maintain
the communication between the test interior and sur-
rounding environment.

6.3. Development of backward oriented
chamber projections in Praeplanctonia
globifera-Haigella lineage

P. globifera-Haigella lineage resulted in the development
of chambers with backward oriented prolongations in the
adult stage. Haigella nov. gen. consists of two species, H.
intermedia nov. sp. and H. haigi nov. sp. It is a very short
lineage, recorded in the ODP Hole 1050C only in the
upper part of the P. ticinensis Biozone and the lower part
of the P. appenninica Biozone. Both species have an early
initial stage resembling that of P. globifera and a subtermi-
nal aperture with supplementary suture on the apertural
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face. By contrast, Haigella haigi, which is the end member
of the lineage, has a triserial chamber arrangement
throughout. Its ancestor, Haigella intermedia has an occa-
sional early triserial stage, resembling thus the variability
of the ancestral species, P. globifera. A detailed study of
the tests in the P. globifera-H. intermedia-H. haigi lineage
shows that the tests of the intermediate species are more
elongate [i.e., thickness/length ratio (T/L)] than those of
the ancestral species and the end member of the genus.
This demonstrates that, the intermediate taxa can differ in
some features from their ancestors and descendants, the
latter being similar, and some features or parameters may
show a reversible pattern along a lineage. The stratigraphic
range of Haigella indicates that this taxon is rather a local
offshoot. Its evolutionary history contrasts with that of
Gabonella de Klasz, Marie & Meijer, 1960, an Upper Cre-
taceous genus also with chamber projections, but which
shows significant species proliferation (de Klasz et al.,
1960; de Klasz et al., 1961; de Klasz & Rerat, 1963;
Roveda, 1964).

6.4. Planktic adaptive radiations originating
from Praeplanctonia globifera

Our study could not substantiate an ancestor-descendant
relationship between the biserial and triserial planktic
foraminifera of the upper Albian-middle Cenomanian sed-
iments of the ODP Hole 1050C (Blake Plateau). The ear-
liest biserial and triserial tests make their first evolutionary
occurrence approximately at the same time (samples
171B-1050C-31-2, 130-134 cm and 171B-1050C-31-2,
80-84 cm respectively) at this site (Fig. 3).

There are a number of morphological features in the ear-
liest triserial and biserial foraminifera, A. cenomana and
“H.” washitensis respectively, which require special atten-
tion. Probably the most important of them is that both
species have a quite stable chamber arrangement, being
either completely triserial or completely biserial and spec-
imens with intermediate morphology between the two
species have not been reported ever. The apertures and
periapertural structures are remarkably similar in the
shape and size, presence of an imperforate lip or rim and
relict toothplate. The test wall in the two species is mi-
croperforate and has nearly identical pore size, 0.5-0.7
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pm in A. cenomana and 0.4-0.7 pm in “H.” washitensis.
Together, these features suggest that A. cenomana and
“H.” washitensis emerged rather through divergent evolu-
tion than forming a distinct lineage, with one of them
being the ancestor of the other.

A better explanation of the evolutionary process that re-
sulted in the appearance of the triserial A. cenomana and
the biserial with twisted test “H.” washitensis can be pro-
vided if it is taken into consideration the highly variable
and morphologically heterogeneous Praeplanctonia glob-
ifera. The latter has two distinct test varieties with respect
to the chamber arrangement, namely biserial throughout
and/or with an early triserial stage, becoming biserial
when adult. The significant morphological resemblances
between A. cenomana and “Heterohelix” washitensis as
well as the lack of tests with intermediate features can be
easily explained through divergent evolution from the two
varieties of P. globifera. Accordingly, the biserial with
twisted tests “H.” washitensis evolved from the biserial
throughout variety of P. globifera and the triserial through-
out A. cenomana from that variety of P. globifera with an
early triserial test, through the development of the triser-
ial stage simultaneously with the reduction of the biserial
one (Fig. 8). Divergent evolution from P. globifera, not only
provides a clear explanation for the morphological resem-
blances between A. cenomana and “H.” washitensis, but
it also explains the change to planktic habitat achieved in
both Archaeoguembelitria lineage and biserial planktics
in a relatively short time interval.

A major difficulty in documenting the divergent evolution
from P. globifera to Archaeoguembelitria and “Heterohe-
lix" respectively, are the sharp differences between the
apertures and in the presumed ancestor and descendants.
The small aperture of P. globifera was formed through the
reduction in size when compared with that of its pleu-
rostomellid ancestor. This is the result of the wrapping
around of the periapertural test walls, which shifted the
anastomosing apertural triangular teeth and bridge-like
calcareous plate into a lateral position (Fig. 9). This kind of
aperture is only known in Praeplanctonia and Haigella,
two genera with short stratigraphic ranges (upper Albian)
and herein included within Family Praeplanctonidae nov.
Only a vestige of the periapertural test wall prolongation
is present in “H.” washitensis as the periapertural ridge,
which occurs on the lateral side of the aperture, opposed
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to the imperforate lip or rim. This suggests that the peria-
pertural test wall prolongations reduced in the process of
achieving a planktic habitat.

Praeplanctonia globifera-Archaeoguembelitria lineage ini-

tiated its evolution in the upper Albian (P. ticinensis Bio-
zone), just before the first evolutionary occurrence of the
biserial planktic foraminifera, as indicated by the strati-
graphic record at ODP Hole 1050C. It is a lineage with
major developments in the test ornamentation (Fig. 10).
The earliest species, A. cenomana has smooth chamber
surfaces and general appearance of a benthic species. Its
descendant, A. harrisi has the chamber surface orna-
mented with pore mounds and consequently, a planktic
habitat is inferred from this kind of ornamentation. The
transition from the benthic mode of life to the planktic one
happened in the proximity of the Albian/Cenomanian
boundary as indicated by the occurrence of tests with in-
cipient pore mounds.

Praeplanctonia globifera- “Heterohelix” washitensis line-

age commenced its evolution in the upper Albian (P. tici-
nensis Biozone) and is the first adaptive radiation
originating from Praeplanctonia globifera, namely from
the biserial throughout variety of the ancestral species. The
biserial planktics (Superfamily Heterohelicacea Cushman,
1927) underwent a rapid evolution, the earliest represen-
tatives of the group being planktic in habitat (Fig. 10). This
lineage gave rise to the biserial planktics included within
Superfamily Heterohelicacea Cushman, 1927. The earliest
species of the group, “H.” washitensis, is characterized by
asymmetrical tests, asymmetrical periapertural structures,
vestiges of the periapertural chamber prolongations as a
ridge on a lateral side of the aperture and relict toothplate.
Symmetrical tests and periapertural structures in the het-
erohelicid history are developed in the middle Cenoman-
ian (T. reicheli Biozone) in “H.” moremani (Cushman,
1938). Based on the newly documented phylogenetic re-
lationships, Superfamily Heterohelicacea Cushman, 1927
is removed from Suborder Globigerinina Delage &
Hérouard, 1896 and included within Suborder Rotaliina
Delage & Hérouard, 1896.

The genus Guembelitria Cushman, 1933 in which all the
planktic foraminifera with triserial chamber arrangement
were included is now reviewed. The upper Aptian-lower-
most part of the upper Albian tests with pustulose cham-
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Figure 8. Diagram presenting the major morphological changes in the chamber arrangement during the divergent evolutionary processes, which re-
sulted in the emergence of the planktic foraminifera with serial chamber arrangement. According to the Blake Nose ODP Hole 1050C data the Ar-
chaeoguembelitria lineage initiated just before the “Heterohelix” lineage. Benthic taxa are shown with yellow background, the planktic ones on blue

background.

ber surface are included in the genus Koutsoukosia nov.
gen. (Family Globuligerinidae Loeblich & Tappan, 1984)
based on the test ornamentation which is similar to that of
the primitive planktic foraminifera of the Middle Jurassic-
Early Cretaceous. Koutsoukosia probably evolved from the
primitive planktic foraminifera with high trochospire and
pustulose chamber surface of Conoglobigerina Morozova,
1961 as postulated by Koutsoukos (1994, p. 293). The
stratigraphic ranges of the two genera do not overlap, the
extinction of Conoglobigerina is in the lower Valanginian
(Simmons et al., 1997) and the first occurrence of Kout-
soukosia is upper Aptian. Therefore, there is gap spanning
the upper Valanginian-middle Aptian without records of
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either of the two genera or tests with intermediate test
morphology. The origin from a different, presumably glob-
ular-chambered and trochospiral ancestor should not be
ruled out a priori. In this case, the developments of test
ornamentation consisting of blunt pustules in species of
Conoglobigerina, Globuligerina and Koutsoukosia, respec-
tively, would be the result of the iterative evolutionary
process.

The upper Albian-lower Turonian triserials are included
within  Archaeoguembelitria nov. gen. (Family Ar-
chaeoguembelitriidae nov. fam.). Guembelitria Cushman,
1933 is restricted to the tests of the upper Santonian-low-
ermost Paleocene and the test ornamentation shows grad-
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Figure 9. Diagram synthetically showing the major morphological changes in the aperture and periapertural structures in the Pleurostomella obtusa-
Praeplanctonia globifera “Heterohelix” washitensis lineage. The extension of the periapertural test wall (blue) is a reversible process, in contrast to the
periapertural structures (yellow). This structure is reduced in “Heterohelix” washitensis, its vestige being the ridge situated on one side of the aperture

and indicated in the right hand figure by the blue arrow.

ual change from smooth to pustulose and with pore
mounds in the end member of the lineage, namely Guem-
belitria cretacea Cushman, 1933, which is also the type
species of the genus.

Guembelitriella Tappan, 1940 is reviewed and considered
benthic in habitat. Accordingly, it is removed from Family
Guembelitriidae Montanaro Gallitelli, 1957 (Superfamily
Heterohelicacea Cushman, 1927) and included within
Family Turrilinidae Cushman, 1927 (Superfamily Turrili-
nacea Cushman, 1927).

7. ACKNOWLEDGMENTS

Dr I. Rabano (Editor, Revista Espafiola de Micropaleon-
tologia) is thanked for the high-quality editorial process

140

and acceptance for publication of the manuscript. The au-
thor thanks Dr M.L. Canales (Complutense University,
Madrid, Spain) and an anonymous reviewer for the care-
ful reviews of the manuscript, which significantly in-
creased its quality. Most of this study was realized during
my stay at the National Museum of Natural History, Smith-
sonian Institution, Washington, D.C, USA in 2005-2006.
I am deeply indebted to Dr Brian T. Huber (NMNH) for
the permanent help and access to the vast foraminiferal
collections hosted at the Smithsonian Institution. The un-
limited access to research facilities of the Department of
Geological Sciences during 2007 by Drs Kevin M. Ans-
dell and Willi K. Braun (University of Saskatchewan,
Saskatoon, Canada) are greatly appreciated. The help by
Mr. Scott Whittaker (NMNH, Washington, D.C., USA), Mr.
Tom Bonli (University of Saskatchewan, Saskatoon,
Canada) and Dr Michael Schoel (Microscope Imaging Fa-



Marius Dan Georgescu. On the origins of Superfamily Heterohelicacea Cushman, 1927 and the polyphyletic nature of planktic foraminifera

Figure 10. Diagram presenting the major morphological changes in the chamber arrangement, aperture and periapertural structures and pore size in

the process of evolution of the serial planktic foraminifera.
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Resumen

Se han identificado sesenta especies de ostracodos en sedimentos cenomanienses, santonienses y maastrichtienses de Nueva Ze-
landa, y en sedimentos del Campaniense tardio de las islas Snow Hill y James Ross (Peninsula Antdrtica). Las dos principales locali-
dades neozelandesas estudiadas tienen una edad maastrichtiense que contrasta con sus regimenes térmicos — facies de plataforma
calida en Waiparaa, y de plataforma externa/parte superior de vertiente fria en Pukehou. A partir de nuevos datos se clarifica en Gond-
wana durante el transito K/T la historia paleozoogeografica de varios taxones significativos: Rostrocytheridea sobrevivié en Pukehou
hasta unos pocos metros antes del K/T, mientras que Majungaella ha sido hallado en Waipara aproximadamente a medio metro del
techo del Maastrichtiense. Las adaptaciones retrotérmicas conocidas previamente de Majungaella se confirman en el Maastrichtiense
de Pukehou, en donde se observaron adaptaciones similares en Rostrocytheridea y, posiblemente, en Krithe. Los primeros dos géne-
ros se extinguieron en Australasia a lo largo del limite Mesozoic/Terciario, mientras que en la regién que abarca la Patagonia y la Pe-
ninsula Antdrtica, el género Majungaella sobrevivié y colonizé gran parte del litoral antértico. Probablemente en esta region
Rostrocytheridea no sobrevivié durante el Paledgeno. El género actual Ameghinocythere se conoce desde el Campaniense tardio en
la isla de Snow Hill y el Maastrichtiense de Nueva Zelanda. Los primeros registros del Apateloschizocythere, que es un género gond-
wanico ampliamente distribuido, proceden probablemente del Cenomaniense de Coverham (Nueva Zelanda). En este trabajo se des-
criben por primera un género (Parahystricocythere) y nueve especies de ostrdcodos: Ameghinocythere lutheri, A. eagari,
Apateloschizocythere? colleni, Limburgina postaurora, Majungaella wilsoni, M. waiparaensis, Parahystricocythere ericea, Rayneria?
punctata, Rostrocytheridea pukehouensis y Trachyleberis hornibrooki.

Palabras clave: Ostracodos, Nueva Zelanda, Peninsula Antartica, Cretdcico Superior, limite K/T, adaptacion retrotérmica.

Abstract

Sixty species of Ostracoda have been recovered from Cenomanian, Santonian and Maastrichtian strata in New Zealand, and late Cam-
panian sediments on Snow Hill and James Ross islands in the Antarctic Peninsula. The two main New Zealand sites are in latest Maas-
trichtian strata, but in contrasting thermal regimes - warm, shelfal facies at Waipara, and cool, outer shelf/upper slope at Pukehou. The
palaeozoogeographical history of several important taxa across the K/T boundary in Gondwanaland is clarified by the new data: Ros-
trocytheridea survived at Pukehou to within a few metres of the K/T, while Majungaella was found ~0.5 m from the top of the Maas-
trichtian at Waipara. The previously-known retrothermal propensities of Majungaella can be traced to the Maastrichtian at Pukehou,
where a similar adaptation is observed in Rostrocytheridea, and possibly in Krithe. The first two genera became extinct across Meso-
zoic/Tertiary boundary in Australasia, while in the Patagonia-Antarctic Peninsula region, Majungaella survived and colonised much of
the Antarctic seaboard, but Rostrocytheridea probably did not survive into the Palaeogene. The extant genus Ameghinocythere is now
known from late Campanian of Snow Hill Island, and also occurs in the late Maastrichtian in New Zealand. The earliest record of the
widely distributed Gondwanide genus Apateloschizocythere is probably from the Cenomanian at Coverham, New Zealand. Nine new
species are described: Ameghinocythere lutheri, A. eagari, Apateloschizocythere? colleni, Limburgina postaurora, Majungaella wilsoni,
M. waiparaensis, Parahystricocythere ericea, Rayneria? punctata, Rostrocytheridea pukehouensis and Trachyleberis hornibrooki. The
genus Parahystricocythere is new.

Keywords: Ostracoda, New Zealand, Antarctic Peninsula, Upper Cretaceous, K/T transition, retrothermal.
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1. INTRODUCTION

Regional relationships between high latitude Gondwanide
ostracod faunas of latest Mesozoic-early Tertiary age have
been difficult to assess, particularly phylogenies across the
K/T boundary and faunal changes presaging the onset of
Palaeogene glaciation. This was primarily because of a
dearth of data from Australasia.

Previous studies by Bertels (1975, 1977), Rossi de Garcia
& Proserpio (1980), Ballent et al. (1998), Fauth et al.
(2003) and Ballent & Whatley (2007), have established a
good corpus of data for the late Cretaceous faunas of
Patagonia and the Antarctic Peninsula, although there had
been less progress with understanding relationships be-
tween Patagonia and the relatively well-known Antarctic
Palaeogene faunas (Blaszyk, 1987; Szczechura, 2001;
Dingle & Majoran, 2001). For Australasia, the only rele-
vant data have been from the Santonian/Campanian fau-
nas in Western Australia (Bate, 1972; Neale, 1975).

The dataset herein allows me to extend the work of Fauth
et al. (2003) to higher levels in the late Campanian of the
Antarctic Peninsula, and to describe for the first time
Cenomanian, Santonian and Maastrichtian ostracods from
New Zealand. As a consequence it is now possible to as-
sess the palaeozoogeographical relationships between
these three now widely-separated areas, prior to their final
dislocations in southern Gondwanaland'. In particular fur-
ther insights are presented of the long-term association of
the distinctive warm-water Gonwanide generic trio of Ma-
jungaella Grekoff, Rostrocytheridea Dingle and Cytherel-
loidea Alexander, and the initiation in Campanian time of
retrothermal? tendencies in the first two.

In addition, Cenomanian samples from New Zealand sug-
gest that the genus Apateloschizocythere Bate has a longer
history in Australasia than previously realised, and allow
a first comparison with the middle Cretaceous faunas of
Queensland (Krommelbein 1975).

A list of the ostracod species recovered from Antarctica
and New Zealand is given in Table 1.

NZ NZ Ant NZ
Cen. San. Cam. Maas.
Ameghinocythere lutheri sp. nov. X
Ameghinocythere eagari sp. nov. X
Ameghinocythere? sp. 5078 X
Apateloschizocythere? colleni sp. nov. X
Argilloecia? sp. 2 F&S X
Bairdoppilata sp. 5052 X
*Bairdoppilata? sp. 5092 X
Bairdoppilata cf. B. austracretacea (B) X
Bythocypris cf. B. chapmani N X
Bythocypris cf. B. sudaustralis MRR X
Cythereis cf. C. brevicostata B X
Cytherella sp. 5086 X
*Cytherella sp. 1a X
Cytherella sp. 5063 X
Cytherella sp. 2 F&S X

Table 1. Upper Cretaceous ostracods from Antarctica and New Zealand. F&S = Fauth & Selling (2003); B = Bate (1972); Bert. = Bertels (1973); MRR
= McKenzie, Reyment & Reyment (1991); N = Neale (1975); R = Rossi de Garcia & Proserpio (1980); K = Krommelbein (1975). Ant = Antarctica;
NZ = New Zealand. Cen. = Cenomanian; Sant = Santonian; Camp. = Campanian; Maas. = Maastrichtian. *, not illustrated.

1 prefer the original term coined by Suess for the geographic entity, instead of Gondwana, which refers to rock units or biogeographic realms (e.g.

the notional Gondwana System).

2 A descriptor | coin for the propensity of adapting through time to progressively cooler-water habitats, by adapting to climate change, by occupying

deeper water or by colonising higher latitudes
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NZ NZ Ant NZ
Cen. San. Cam. Maas.

Cytherella cf. C. sp. 5051 X

Cytherella sp. 5051 X

Cytherelloidea spirocostata Bert. X

Cytherelloidea cf. C. westaustaliensis B X

Cytheropteron sp. 5034

X
*Krithe sp. 631.1 X

Krithe sp. 5055

Krithe sp. 5056

Krithe sp. 5079

Limburgina postaurora sp. nov.

Maddocksella sp. 5047

XX [ X | X | X | X

Majungaella wilsoni sp. nov.

Majungaella australis? R X

X

Majungaella waiparaensis sp. nov.

Majungaella sp. 4978 X

Mandelstamia antarctica F&S X

Paracypris sp. Bert. X

Paracypris? sp. 5080 X

Paracypris sp. 5040

x

Parahystricocythere sp. 5070 X

Parahystricocythere ericea sp. nov.

Pelecocythere sp. 5042

Platella sp. 5048

Platella sp. 5071

X [ X [ X | X [X

Rayneria? punctata sp. nov.

Rostrocytheridea hamiltonensis F&S X

X

Rostrocytheridea pukehouensis sp. nov.

Rostrocytheridea cf R. allaruensis? K X

Rostrocytheridea? sp. 4992

Scepticocythereis cf. S. ornata B

Scepticocythereis? sp. 5044

Trachyleberis hornibrooki sp. nov.

Indet sp 5082

Indet sp 5083

Indet sp. 5081

Indet sp 5085

Indet sp 5084

XX X[ X [ X | X | X | X |X|X

Indet.sp. 5087

Indet. sp. 5089

Indet sp. 5060

*Indet sp. 633.29

*Indet sp. 633.15/22

*Indet sp. 628.32

*Indet sp. 5092

XX [ X [ X [ X |X X

*Indet sp. 5091

Table 1. (Continued) Upper Cretaceous ostracods from Antarctica and New Zealand. F&S = Fauth & Selling (2003); B = Bate (1972); Bert. = Bertels
(1973); MRR = McKenzie, Reyment & Reyment (1991); N = Neale (1975); R = Rossi de Garcia & Proserpio (1980); K = Krommelbein (1975). Ant =
Antarctica; NZ = New Zealand. Cen. = Cenomanian; Sant = Santonian; Camp. = Campanian; Maas. = Maastrichtian. *, not illustrated.
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2. MATERIAL
2.1. Antarctica (Figures 1 & 2, Table 2)

Campanian and Maastrichtian marine sediments crop out
at several localities around Admiralty Sound in the north-
ern Antarctic Peninsula (see Pirrie et al., 1997a for re-
gional stratigraphy), and early to late Campanian ostracod
faunas have been described previously from James Ross Is-
land by Fauth et al. (2003). In the present publication |
document ostracods from later Campanian sequences on
Snow Hill Island, as well as from two new Campanian
horizons on James Ross Island.

All material in the present study (except one sample from
Hamilton Point) was collected by the author during the
British Antarctic Survey 1994-95 (December-January) field
season, and details of measured sections and locality
numbers are given in Dingle (1995). The locality of the

Hamilton Point sample is described by Pirrie (1995). All
Antarctic sample numbers have a DJ. prefix.

Snow Hill Island: Snow Hill Island Formation (late Cam-
panian to early Maastrichtian). The lower part of the for-
mation, as exposed in the Second Ice Gulley, has a
relatively high sulphur content (see Dingle & Lavelle
1998a, 2000, and personal, unpublished data).

Second Ice Gulley. 64.3633° S, 56.995° W, south of Nor-
denskjold=s hut® See Figure 2.1-3. Sample prefixes DJ633.
Eight samples up a 0-95m section: 633.31 (Om), .5 (15m),
.1 (40m), .29 (52m), .15 (55m), .12 (81m),and .22 (95m).
Sulphur-rich clays and limestones: mean S (n=7) 3898
ppm, max. 5056, min 263 1. This was the most ostracod-
rich sequence within the Snow Hill Island Formation.

Haslam Crag. 64.36° S, 56.9817° W, cliff section, north-
east of Nordenskjold’s hut. Overlies Second Ice Gulley

Figure 1. Sampling localities for Campanian sediments in the Admiralty Sound region on James Ross and Snow Hill islands. British Antarctic Site num-
bers carry a D) prefix. Details of localities are given in Dingle (1995: sites 628-633), and Pirrie (1995: site 677). Location of these sites is shown on Fig.

5 as the James Ross Basin.

3 Otto Nordenskjold, geologist, leader of the 1901-1904 Swedish South Polar Expedition, who established his prefabricated hut on Snow Hill

Island, 9th February 1902 - it still stands.
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Figure 2. Photographs of sampling localities on Snow Hill Island and in Waipara Gorge.

2.1 - 2.3. Sampling sites (DJ633.) in Second Ice Gulley, Snow Hill Island, Antarctica. 2.1: General view of gulley looking approximately ESE in Snow
Hill Island Formation sediments. Samples 29 and 12 are argillites within Thyasira limestones on the west side of the gulley. Most other samples in this
section were taken close to and on west side of the central thalweg. Base of section lies below lower edge of photograph (which extends to ~15 m).
2.2: Small Thyasira limestone/argillite bluff near top of the gulley from which sample DJ633.12 (81 m) was collected. Argillites are sulphurous (S = ~4000
ppm). View looking approximately west, with James Ross Island visible across Admiralty Sound (~13 km distant). 2.3: Sample DJ633.29 (52m) taken
at hammer tip from within a tectonically- incorporated sulphur-rich argillite inter-bed (S = 5056 ppm) at the base of the large allochthonous limestone
buttress shown on the left side (west) of Fig. 2.1. 2.4: Upper Laidmore Formation sediments with K/T boundary section on south side of Waipara Gorge,
South Island, New Zealand. The boundary is marked by the rusty horizon. Samples # 33 and #35 were collected 50cm and 2m below it, respectively,
between the photographer and figure of the late Dr Derek D. Wilson. All photographs taken by the author (2.1-2.3 January 1996; 2.4 May 1981).

section. Three samples spanning 5-135m in type section of
Haslam Crag Member (Samples D)628.18-41). Mean S
content (ppm, n=12) 1970, max. 3281, min. 937.

Cross Island Traverse. 64.3617°S, 56.9783° W. One sam-
ple at start of an approximately W-E traverse across the
central plateau of the island (Sample DJ631.1) Overlies
Haslam Crag section. Mean S content (ppm, n=10) 1204,
max. 2249, min. 272.
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James Ross Island: Santa Marta Formation (early-late
Campanian).

Hamilton Point. 64.3617°S, 57.33° W. One sample, orig-
inally described by Pirrie (1995) as a clay intercalation
from within the “Hobbs Glacier Formation” on Hamilton
Point (Sample DJ677.3). The type section of the Hobbs
Glacier Formation is at Rabot Point, approximately 8 km
to the north (Pirrie et al,. 1997b), which has been dated
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using Sr isotope ratios as Miocene (9.9Ma, Dingle &
Lavelle, 1998b).

Ula Point. 64.067°S, 57.167° W. One sample in a stream
gulley on the coastal plain (Sample 629.2, see Dingle
1995 for location map).

2.2. New Zealand (Figure 3, Table 3)

Upper Cretaceous ostracod faunas were recovered from
twelve samples at seven localities in New Zealand. Nine

of these were Maastrichtian in age (Mid-Waipara, Wood-

side Creek, Rewa Stream, Mangatarata Road, Te Wainohu
Point and Pukehou) and have been referred to the local
Haumurian (Maastrichtian) stage by Wilson (1963),
Kingma (1971), and Webb (1971) on the basis of their
molluscan and foraminiferal faunas. One sample from Te
Wainohu Point is Santonian (Kingma, 1971), while two
samples (Coverham and Rewa Stream) have been referred
to the Ngaterian (Cenomanian) stage by Hall (1963) and
Henderson (1973).

The material was collected by the author during May-June
1981. Figure 3 shows sampling localities. Locations cit-

Figure 3. Sampling localities for Upper Cretaceous sediments in New Zealand.
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ing latitude and longitude have been taken from the
Google Earth interactive website, while national grid val-
ues are taken from various maps of the New Zealand Ge-
ological Survey.

Mid-Waipara River Gorge (South Island, Fig. 2.4), Upper
Laidmore Formation (Haumurian =
trichtian). This section contains the K/T boundary (Wilson
1963). Three samples were collected from the cliff section
illustrated by Strong (1984 fig. 2) on the south side of the
river at 43.0607° S, 172.5815° E (568/964135). Strong
(1984 fig. 1) and Hollis & Strong (2003 fig. 2) located the

Maastrichtian/Danian boundary at the heavily iron-stained

Uppermost Maas-

“rusty” band. Sample # 34 (50cm above the boundary)
was barren (from Strong’s 1984 non-calcareous glau-
conitic sandstone), while # 33 (50cm below boundary)
and #35 (2m below boundary) from the underlying grey,
glauconitic, calcareous clay were ostracod-rich.

Woodside Creek (South Island), Mead Hill Formation, Up-
permost Maastrichtian. Sample #3 was a hard grey cal-
careous argillite, 3.5m below the horizon from which
Strong (1977, Fig. 1) collected his sample 28 at the Cre-
taceous/Tertiary boundary in the Woodside Creek gorge
(41.9297°S, 174.0737° E, S36/331477).

Coverham (South Island), Saw Pit Mudstone (Hall 1963,
1964), (Ngaterian = Cenomanian). Sample #9 is a greyish
brown mudstone with iron-staining, from a cliff on the
eastern bank of Nidd Stream at 41.9444° S, 173.8766° E.

Rewa Stream (North Island), two sites.

1. Te Mai Formation (Haumurian = late Maastrichtian)
from upper Rewa Stream (Johnston 1980). Sample #47
was a medium grey clayey silt from 40.8442° S,
176.03347° E (N159/494757), and #48 was a green sandy
clay with abundant belemnite and Inoceramus fragments
from 40.84378° S, 176.0345° E (N159/492757, 20m up-
stream, i.e. stratigraphically below, #47).

2. Springhill Formation from upper Rewa Stream (John-
ston 1980 p. 17) (uppermost part of Ngaterian Stage =
Cenomanian according to Henderson 1973). Sample #50
was a light grey, glauconitic mudstone ~40m downstream
from a small waterfall (40.8430° S, 176.0286° E,

N159/489758).
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Pukehou (North Island), Whangai Formation (Upper Hau-
murian = Uppermost Maastrichtian) on the eastern limb of
the Otane Anticline. The area was mapped by Kingma
(1971), and the two ostracod-rich samples described
herein are from the locality where Kingma (1971 p. 35)
collected his sample N141/507. Sample #68 (39.8422° S,
176.6267° E; N141/ 0564971), is a soft, light grey shale
from a stream section ~1km south of Pukehou village, just
below the waterfall, while sample #71 (39.8475° S,
176.6245° E; N141/051965), a slightly harder grey shale
is from a second stream ~400m south of #68. Both sec-
tions lie to the west of the main road and are a few metres
below the K/T boundary, but the precise distance is not
known. These samples are probably from a slightly lower
stratigraphical level (i.e. older) within the Maastrichtian
than those from Waipara.

Mangatarata Road (North Island), Whangai Formation
(Upper Haumurian = Upper Maastrichtian) from the core
of the New Rangitoto Anticline (Kingma 1971, section H-
H’ figs 39, 41). Sample #66 is a light grey shale (water-
lain rhyolitic tuff) at 39.9930° S, 176.6036° E
(N146/030789), in a small cut, on the south side of the
road.

Te Wainohu Point (North Island). Two sites in close prox-
imity, south of the Point. Sample #75 is a grey sandy
silt/clay from the cliff at 39.8464° S, 176.9944° E
(N142/399960), from where Kingma (1971, p. 30, Tab. 4)
collected his sample N142/547, which was referred to the
Teratan Stage (= Santonian) on the basis of /noceramus
opetius Wellman. Sample #76 was from a mudstone slab
on the beach beneath the cliff of Haumurian glauconitic
argillites (=Maastrichtian, Kingma 1971, fig. 8) at
39.8444° S, 176.9944° E (N142/399963).

3. SYSTEMATIC DESCRIPTIONS

All the materials are deposited in the collections of the
Natural History Museum, London (= NHM). Reference
numbers all have the prefix NHM PM - OSXXXXX.
RVD#XXXX are SEM number in author’s collection to be
deposited at the NHM.

Abbreviations: LV = left valve, RV = right valve, C = cara-
pace, RPC = radial pore canals, NPC = normal pore
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canals, AM = anterior margin, VM = ventral margin, PM =
posterior margin, DM = dorsal margin, MS = muscle scars,
ATE = anterior terminal element, PTE=posterior terminal
element, ME=median element, AMA = anterior marginal
area, PMA = posterior marginal area, SCT = sub-central
tubercle, I/h = length/height. Measurements are in microns
(1 micron, p = 0.001T mm).

Subclass OSTRACODA Latreille, 1806
Order PODOCOPIDA Miiller, 1894
Suborder PLATYCOPINA Sars, 1866
Family CYTHERELLIDAE Sars, 1866

Genus Platella Coryell & Fields, 1937

Remarks.- Although some authors consider Platella to be
a junior synonym of Cytherella (e.g. van Morkhoven
1963), | will follow the Treatise (Moore 1961) and Bate
(1972) in retaining its status within the family as a taxon
with distinct punctuation/reticulation overall.

Platella sp. 5048
(PI. 1, Figs.1-2)

Material.- Two valves, two carapaces.

Hlustrated specimens.- OS16596, RVD#5048. C, sample
#35, Waipara.

0S16597, RVD#5050. RV, sample #33, Waipara.

Other comparative material.- OS16598, RVD#5049. C,
sample #35, Waipara.

Occurrence.- Present only in small numbers at Mid-
Waipara.

Remarks.- This species is similar to Platella sp. Bate, 1972
from the Campanian of Western Australia, but P. sp. 5048
is more narrowly rounded at AM in LV and has smaller,
less strongly developed reticulae. The LV is also consider-
ably larger (680-700 p vs 410-450 p) (although Bate sur-
mised that his specimens were juveniles). The species is
also reminiscent of Cytherella cf. C. hemipuncta Swanson
(as illustrated by Ayress, 1995, Fig. 12.7) from the late
Eocene of South Canterbury, but Platella sp. 5048 is retic-
ulate, in contrast to being punctate.
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Platella sp. 5071
(P. 1, Fig. 3)

Material .- Two carapaces.

Ilustrated specimen.- OS16600, RvD#5071. C, Te Wai-
nohu Point (#76), Maastrichtian.

Occurrence.- Also found in the Maastrichtian of Rewa
Stream (sample #47).

Remarks.- This species is more elongate than P. sp. 5048
(I/h ratio: 1.95 vs 1.77), and has a denser pattern of retic-
ulation. There is also a distinct concavity of the VM out-
line.

Genus Cytherella Jones, 1849

Cytherella sp. 5051
(PI. 1, Fig. 4)

Material .- Two valves.

Illustrated specimen.- OS16602, RVD# 5051. LV, sample
68, Pukehou.

Other comparative material.- OS16603.

Plate 1. 1, Platella sp. 5048, LV, Waipara #35, Maastrichtian, OS16596,
RVD5048. 2, Platella sp. 5048, RV, Waipara #33, Maastrichtian,
0S16597, RVD5050. 3, Platella sp. 5071, LV, Te Wainohu Point £#76,
Maastrichtian, OS16600, RVD5071. 4, Cytherella sp. 5051, LV, Puke-
hou #68, Maastrichtian, OS16602, RVD5051. 5, Cytherella sp. 5063,
RV, Coverham #9, Cenomanian, OS16604, RVD5063. 6, Cytherella sp.
5086, LV, Woodside Creek #3 Maastrichtian, OS16606, RVD5086. 7,
Cytherella sp. 2 Fauth & Seeling 2003, LV, Snow Hill Island DJ633.29,
Campanian, OS16609, RVD5037. 8, Cytherelloidea cf. C. westaus-
traliensis Bate 1972, LV, Waipara #33, OS16611, RVvD5003. 9, Cytherel-
loidea spirocostata Bertels 1973, RV, James Ross Island DJ677.3,
Campanian, OS16613, RVD5004. 10, Bairdoppilata cf. B. austracretacea
(Bate 1972), RV, Pukehou #68, Maastrichtian, OS16614, RVD5053. 11,
Bairdoppilata sp. 5052, RV, Pukehou #68, Maastrichtian, OS16617,
RVD5052. 12, Bairdoppilata? sp. 5092, RV, Snow Hill Island DJ631.1,
Campanian, OS16619, RVD5092. 13, Bythocypris cf. B. sudaustralis
McKenzie, Reyment & Reyment 1991, RV, Pukehou #71, Maastrichtian,
0S16620, RVD4981. 14, Bythocypris cf. B. chapmani Neale 1975, RV,
Waipara #35, Maastrichtian, OS16624, RVD5043. 15, Argilloecia? sp. 2
Fauth & Seeling 2003, RV, Snow Hill Island DJ633.29, Campanian,
0S16626, RVD5061. 16, Paracypris sp. 5040, RV, Pukehou #71, Maas-
trichtian, OS16631, RVD5040. 17, Paracypris? sp. 5080, LV, Mangatarata
Road #66, Maastrichtian, OS16633, RVD5080. 18, Paracypris sp. Bertels
1973, RV, Snow Hill Island DJ633.29, Campanian, OS16634, RVvD5038.
Scales, p: 300- 4, 5, 7, 13, 14, 15, 16, 18; 250- 1, 3, 6, 8, 10, 11; 200-
2,17; 150-9; 100- 12.
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Plate 1
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Occurrence.- Found only in sample 68 at Pukehou, Maas-
trichtian.

Remarks.- Elongate LVs with straight, sub-parallel DM and
VM. There is a weak AM rim. The species is similar in
shape, but more elongate than Cytherella sp. B Bate from
the Santonian of Western Australia.

Cytherella sp. 5063
(PI. 1, Fig. 5)

Material .- Two slightly damaged carapaces.

Hlustrated specimen.- OS16604, RvD#5063. C, sample 9,
Coverham.

Other comparative material.- OS16605.

Occurrence.- Found only in the Cenomanian at Cover-
ham (#£9).

Remarks.- A slender ovate species with a narrowly
rounded AM outline.

Cytherella sp. 5086
(Pl. 1, Fig. 6)

Material.- 14 valves and one carapace.

Hllustrated specimen.- OS16606, RVD#5086. LV, Wood-
side Creek, sample 3.

Other comparative material.- OS16607.

Occurrence.- Found only in sample 3 from Woodside
Creek, Maastrichtian.

Remarks.- This species has a distinctively compressed an-
terior valve area with a very broadly rounded AM outline
and a narrow rim. DM and VM converge posteriorly.

Cytherella sp. 1a
(not illustrated)

Material.- One broken RV. OS16608.
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Occurrence.- Restricted to sample #35, Waipara Gorge,
Maastrichtian

Remarks.- Species with distinctive, ovate outline.

Cytherella sp. 2 Fauth & Seeling 2003
(PI. 1, Fig. 7)

2003 Cytherella sp. 2; Fauth & Seeling in Fauth
etal., 96, pl. 1, figs 3-4.

Material.- One carapace.
Illustrated specimen.- OS16609, RVD#5037.

Occurrence.- Restricted to sample DJ633.29 (52m) from
Second Ice Gulley on Snow Hill Island.

Remarks.- The RV overlaps the LV along the entire perime-
ter of the carapace. Fauth et al. (2003) recorded this
species only from locality DJ703 on Hamilton Point,
James Ross Island.

Genus Cytherelloidea Alexander, 1929

Cytherelloidea cf. C. westaustraliensis Bate, 1972
(PI. 1, Fig. 8)

1917 Cytherella williamsoniana Jones; Chapman 57,
pl. X1V, fig. 20.

1917 Cytherella williamsoniana var. stricta Jones &
Hinde; Chapman, 58, pl. X1V, fig. 21.

1917 Cytherella chapmaniJones & Hinde, Chapman,
58. PL. X1V, fig. 22.

1972 Cytherelloidea westaustraliensis Bate,10, pl.1,
figs 1-6; pl. 3 fig. 3; text-figs 5A-E.

1975 Cytherelloidea westaustraliensis Bate; Neale, 7,
pl. 1, figs. 2, 4, 5; pl. 4, fig. 7.

Material.- 15 valves, one carapace.

Ilustrated specimen.- OS16611, RVD#5003. LV, sample
33 Waipara, Maastrichtian.

Other comparative material.- OS16610, RVD# 5002. RV.
sample 33 Waipara, Maastrichtian.
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Occurrence.- Restricted to the latest Maastrichtian sedi-
ments in Waipara Gorge, where it is a minor component
of the fauna (#35,2% - #33, 6%).

Remarks.- Specimens from New Zealand have the charac-
teristic central loop, which is detached from the curved
dorso-lateral rib. However, they are somewhat smaller
than Bate’s specimens: ~730 p vs ~900 p. Originally
found in the Santonian-Campanian chalk of Western Aus-
tralia by Chapman (1917), where it occurs as a minor
component (5-8%), and subsequently recorded by Bate
(1972) and Neale (1975).

Cytherelloidea spirocostata Bertels, 1973
(PI. 1, Fig. 9)

1973 Cytherelloidea spirocostata Bertels, 1973, 313,
pl. 1, figs 5a-c.

2003 Cytherelloidea megaspirocostata Majoran &
Widmark, 1998; Fauth & Seeling in Fauth et al.,
97, pl.1, figs 5-7.

Material.- One carapace.

Hllustrated specimen.- OS16613, RVD#5004. DJ677,
Campanian.

Occurrence.- Found only in Pirrie’s (1995) sample
DJ677.3 from the clay within his Hobbs Glacier Formation
on Hamilton Point, James Ross Island.

Remarks.- Fauth et al. (2003) identified this species as the
deep-water form C. megaspirocostata Majoran & Wid-
mark from the late Cretaceous at ODP site 689 on the
Maud Rise off East Antarctica. | believe that my material
(DJ677), as well as theirs from sites DJ702, 703 and 704
on James Ross Island is conspecific with Bertel’s species
from the Danian of Patagonia.

This species is very similar to Cytherelloidea cf. C. west-
australiensis Bate, 1972, but the two differ on the follow-
ing points (comparing RVs) : spirocostata is a smaller
species (500 x 330 p vs 640 x 400 p); on the lateral sur-
face the lower portion of the inner loop lies at ~mid-valve
height in spirocostata, while it is lower in cf. C. westaus-
traliensis (25% valve height); the trajectory of the outer
loop in the antero-dorsal areas differs - in cf. C. westaus-
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traliensis it remains inboard and almost joins the dorsal
loop, while in spirocostata it rises and cuts the DM just
behind the highest point of the valve.

Suborder PODOCOPINA Sars, 1886
Superfamily BAIRDIOIDEA Sars, 1888
Family BAIRDIIDAE Sars, 1988

Remarks.- Bairdiids are common in the late Cretaceous-
Tertiary of Australia, New Zealand and southern South
America. To my knowledge they have been found fossil in
Antarctica only in the late Cretaceous of the Antarctic
Peninsula, where Bairdoppilata is extant (Hartmann,
1997), but there are yet no records of it from the Tertiary.

Genus Bairdoppilata Coryell, Sample & Jennings, 1935

Bairdoppilata cf. B. austracretacea (Bate, 1972)
(PI. 1, Fig. 10)

1972 Bairdia austracretacea Bate, 16, pl. 4, figs 1, 2,
5,8, 11, 12; pl. 5 fig. 6, text-figs 6, 7A-l, 8.

Material.- 30 valves, 3 carapaces.

Ilustrated specimen.- OS16614, RVD#5053. C, sample
#68, Pukehou.

Other comparative material.- OS16615, RVD#5054. C,
sample #35, Waipara.

Occurrence.- This is one of the few species that occurs in
the Maastrichtian at both Waipara (#35, 12%; #33, 2%)
and Pukehou (#68 and 71, <1%).

Remarks.- Bate (1972) characterised this species as “high
domed”, with an acuminate PM outline. Adults that he il-
lustrated had a low length/height ratio (mean 1.64). Spec-
imens from New Zealand have these attributes, with a
mean |/h ratio of 1.54. Neale (1975) also recorded a sin-
gle, juvenile valve of this species in his Gingin material,
but his illustration suggests that it is not conspecific. Fauth
et al. (2003) found several specimens of Bairdoppilata (B.
sp.) in the Campanian of James Ross Island, which they
mentioned (p. 97) “resemble Bairdia austracretacea”, but
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from their descriptions and illustrations, it has a strongly
posteriorly sloping, straight DM, and clearly is not con-
specific.

Bairdoppilata sp. 5052
(PI. 1, Fig. 11)

Material .- Five valves, two carapace

Hlustrated specimen.- OS16617, RVD#5052. LV, sample
68, Pukehou.

Occurrence.- Occurs in small numbers in samples 68 and
71 (<1%) at Pukehou, while there is possibly one valve in
sample #35 at Waipara and a further valve in the Maas-
trichtian at Rewa Stream (sample #48).

Remarks.- This species is quite distinct from the more
abundant B. cf. austracretacea Bate. It is more elongate
(length/height ratio 1.93), and has a relatively long,
straight DM and an extended, spoon-shaped PM outline.

Bairdoppilata? sp. 5092
(Pl. 1, Fig. 12)

Material.- 2 carapaces.

llustrated material.- OS16619, RVD#5092. C, DJ631.1,
Snow Hill Island, Campania.

Occurrence.- Restricted to sample DJ631.1 from the base
of the Cross Island Traverse on Snow Hill Island (upper
part of the Haslam Crag Member of the Snow Hill Forma-
tion).

Remarks.- Fauth et al. (2003) recovered bairdiids (referred
to Bairdia sp.) from several samples on James Ross Island,
but our material is too poorly preserved to make any
meaningful comparison with theirs.

Family BYTHOCYPRIDIDAE Maddocks, 1969
Genus Bythocypris Brady, 1880

Bythocypris cf. B. sudaustralis McKenzie, Reyment &
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Reyment, 1991
(PI. 1, Fig. 13)

1991 Bythocypris sudaustralis McKenzie, Reyment &
Reyment, 142, pl. Il, figs 2-3.

1995 Bythocypris sudaustralis McKenzie, Reyment &
Reyment; Ayress, fig. 4.3-4.

Material.- One valve and three carapaces.

Ilustrated specimen.- OS16620, RVD#4981. C, sample
71, Pukehou, Maastrichtian.

Other comparative material.- OS16621, RVD#4980. C,
sample 68, Pukehou, Maastrichtian.

Occurrence.- Found at Pukehou, where it is rare (£#71, 2%,
#68, <1%), and a single valve at Woodside Creek (#3),
both Maastrichtian.

Remarks.- Previously recorded from the Late Eocene and
Late Oligocene of South Australia (holotype) and Victoria,
respectively (McKenzie et al., 1991; Majoran, 1996a), and
the Late Eocene of south Canterbury (New Zealand) by
Ayress (1995). Both these examples are somewhat slim-
mer (I/h ratios of 2.0 and 2.3, respectively) than my Maas-
trichtian species from New Zealand (I/h = 1.84), but
otherwise very close in overall morphology. Bate (1975)
recovered two species of the genus from the Santonian-
Campanian of Western Australia (?B8 sp. Type A and ¢B sp.
Type B), but both of these have an arched DM, as does B.
chapmani Neale (which Neale synonymised with 2B sp.
Type A Bate). Bythocypris howchiniana Chapman, 1917
also from the Gingin Chalk (as illustrated by Neale 1975)
is closer in overall outline to Bythocypris cf. B. sudaus-
tralis, but is a much smaller species (690-523 p vs 1010 p).

Bythocypris cf. B. chapmani Neale, 1975
Pl. 1.14

1917 Bairdia arquata Minster;
pl. X1, fig. 3.
1972 2Bythocypris sp. Type A Bate; 18, text-fig. 9.

Chapman, 52,

1975 Bythocypris chapmani Neale, 8, pl. 1, fig. 10,
pl. 5, figs 3, 5-7.
non 1830Cythere arquata Minster, 63.
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Material.- Six valves.

Hlustrated specimen.- OS16624, RVD#5043. RV, sample
35, Waipara, Maastrichtian.

Occurrence.- Rare at Waipara (#33 & 35, 1%), and a sin-
gle valve in the Maastrichtian at Pukehou (#68, <1%).

Remarks.- Poorly preserved material, but the best speci-
men shows the characteristic gently convex median and
concave antero-dorsal sections of the DM, and weakly
concave VM. The New Zealand species is slightly larger
than Neale’s Santonian type material from the Gingin
Chalk (1000 p vs 800 ).

Family PONTOCYPRIDIDAE Miiller, 1894
Genus Argilloecia Sars, 1866

Argilloecia? sp. 2 Fauth & Seeling, 2003
(Pl. 1, Fig. 15)

2003 Argilloecia? sp. 2 Fauth & Seeling in Fauth et al.,
100, pl. 1, figs 17-18.

Material.- One valve, four carapaces.

Hlustrated specimen.- OS16626, RVD#5061. C, sample
DJ633.29, 52m, Snow Hill Island.

Other comparative material.- OS16627, RvD#5062. C,
sample DJ633.1, 40m, Snow Hill Island

Occurrence.- Found in samples DJ633.5, 633.10, and
633.29 in the Second Ice Gulley from the late Campanian
Snow Hill Island Formation, Snow Hill Island.

Remarks.- Fauth & Seeling’s (2003) specimens were not
well-preserved, in contrast to the new material, which is
in surprisingly good condition. The overall shape leads me
to believe the two are conspecific, although my speci-
mens are slightly larger (850x390 p, vs 705x278 p). Un-
fortunately, good internal views are still unavailable, so
the species’ generic status remains uncertain. On James
Ross Island, Fauth et al. (2003) found it over almost the
whole of the Hamilton Point Member (the upper Santa
Marta Formation) section, and my material extends its
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range upwards into the lower part of the overlying Snow
Hill Formation.

Family PARACYPRIDIDAE Sars, 1923
Genus Paracypris Sars, 1866

Paracypris sp. 5040
(PI. 1, Fig. 16)

Material.- One valve, two carapaces.

Ilustrated specimen.- OS16631, RVD#5040. RV, sample
71, Pukehou, Maastrichtian.

Occurrence.- Found only in sample #71, Pukehou.

Remarks.- Bate (1972) and Neale (1975) recorded trace
numbers of Paracypris sp. in their Santonian-Campanian
material from Western Australia, but both these species
are less slender [I/h ratios: 2.19 (Neale), 2.23 (Bate), 2.44
(herein)], and have less pointed posterior outlines. In over-
all shape, the Pukehou species is closest to Ayress’s (1995,
fig. 4.6) illustration of P. eocuneata (Hornibrook) from the
late Eocene of south Canterbury, but the specimens illus-
trated herein has been taphonomically distorted antero-
dorsally.

Paracypris? sp. 5080
(Pl. 1, Fig. 17)

Material.- One carapace.

Illustrated specimen.- OS16633, RVD#5080. C, sample
66, Mangatarata Road.

Occurrence.- Found only in the Maastrichtian at Man-
gatarata Road.

Remarks.- Generic placement is uncertain. This species
differs from P. sp. 5040 at Pukehou by its distinctly less
acuminate PM outline, and its weakly convex VM.

Paracypris sp. Bertels, 1973
PIl.1.18
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1973 Paracypris sp. Bertels, 314, pl. 1, figs 7a-b.
22003 Paracypris sp. Fauth & Seeling in Fauth et al., 98,
pl. 1, figs 13-14.

Material.- One valve, 16 carapaces.

Hlustrated specimen.- OS16634, RVD#5038. C, sample
DJ633.29, Snow Hill Island, Campanian.

Other comparative material.- OS16635, RVD#5039. C,
sample DJ633.29.

Occurrence.- In samples DJ633.29 (52m), .12 (81m) and
.22 (95m) in the Second Ice Gulley from the late Campan-
ian Snow Hill Island Formation, Snow Hill Island. Sam-
ples 29 and 12 were from argillite interbeds within
Thyasira townsendi - rich limestones, while sample 22
near the top of the sequence was from sulphurous grey
muddy sands (Dingle, 1995, p. 7-8). The argillites from
which sample 29 was recovered have been tectonically
incorporated into the base of the limestone build-up,
which is probably an allochthonous feature (see Fig. 2.3).

Remarks.- Fauth & Seeling (2003) recorded Paracypris sp.
from the lower part of the Santa Marta Formation. This
species is probably conspecific with my material from the
Second Ice Gulley on Snow Hill Island, which is well pre-
served, although no good internal views are available.
Bertels’s (1973, pl. 3.8a) species is very similar in outline
to the Snow Hill Island species, differing only in possess-
ing a slightly more pointed postero-ventral outline. Her
material came from the lower Danian of central Patagonia.

Family PONTOCYPRIDIDAE Miiller, 1894
Genus Maddocksella McKenzie, 1981
Maddocksella sp. 5047
(PI. 2, Fig. 1)
Material.- One crushed carapace.

lustrated specimen.- OS16639, RVD#5047. Sample 33,
Waipara, Maastrichtian.

Remarks.- Although crushing has distorted the antero-dor-
sal outline, this species seems similar in outline to the il-

lustration of Maddocksella argilloeciaformis (Whatley &
Downing) in McKenzie et al. (1991, pl. lll fig. 8) from the
Late Oligocene of South Australia.

The late Eocene species described from Seymour Island
by Szczechura (2001) (?M. sp.) has a gently arched DM,
whereas Maddocksella sp. 5047 has a straight DM.

Superfamily CYTHEROIDEA Baird, 1850
Family PROGONOCYTHERIDAE Sylvester-Bradley, 1948
Subfamily PROGONOCYTHERINAE Sylvester-Bradley,
1948

Genus Majungaella Grekoff, 1963

Remarks.- This genus is relatively common in the mid- and
late Cretaceous of Australia (Bate, 1972; Neale 1975;
Krémmelbein, 1975) and throughout the lower to late Cre-
taceous in Patagonia and late Cretaceous in the Antarctic
Peninsula (see e.g. Ballent et al.,, 1998 and Fauth et al.,
2003).

Plate 2. 1, Maddocksella sp. 5047, RV, Waipara #33, Maastrichtian,
0516639, RVD5047. 2, Majungaella wilsoni sp. nov. Holotype, LV,
Waipara #35, Maastrichtian, OS16640, RVD4963. 3, Majungaella
wilsoni sp. nov. Paratype, RV, Waipara #35, Maastrichtian, OS16641,
RVD4964. 4, Majungaella wilsoni sp. nov. Paratype, RV interior, Waipara
#35, Maastrichtian, OS16644, RVD4968. 5, Majungaella wilsoni sp. nov.
Paratype, C dorsal view, Waipara #35, Maastrichtian, OS16643,
RVD4967. 6, Majungaella waiparaensis sp. nov. Paratype, C dorsal view,
Waipara #33, Maastrichtian, OS16650, RVD4960. 7, Majungaella
waiparaensis sp. nov. Holotype, LV, Waipara #35, Maastrichtian,
0S16646, RVD4956. 8, Majungaella waiparaensis sp. nov. Paratype, RV,
Waipara #35, Maastrichtian, OS16647, RVD4957. 9, Majungaella
waiparaensis sp. nov. Paratype, RV, Waipara #33, Maastrichtian,
0S16653, RVD4962. 10, Majungaella australis? Rossi de Garcia & Pros-
erpio 1980, RV, Snow Hill Island DJ628.32, Campanian, OS16655,
RVD4979. 11, Majungaella sp. 4978, LV, Pukehou #71, Maastrichtian,
0S16656, RVD4978. 12, Parahystricocythere ericea sp. nov. Holotype,
LV, Waipara #33, Maastrichtian, OS16657, RVD4969. 13, Parahystrico-
cythere ericea sp. nov. Paratype, RV, Waipara #33, Maastrichtian,
0S16658, RVD4970. 14, Parahystricocythere ericea sp. nov. Paratype, LV
interior, Waipara #33, Maastrichtian, OS16660, RVD4972. 15, Parahys-
tricocythere ericea sp. nov. Paratype, RV interior, Waipara #33, Maas-
trichtian, OS16662, RVD4974. 16, Parahystricocythere ericea sp. nov.
Paratype, C dorsal view, Waipara #33, Maastrichtian, OS16664,
RVDA4976. 17, Parahystricocythere sp. 5070, RV, Te Wainohu Point #75,
Santonian, OS16667, RVD5070. 18, Apateloschizocythere? colleni sp.
nov. Holotype, LV, Coverham #9, Cenomanian, OS16668, RVD5096.
19. Apateloschizocythere? colleni sp. nov. Paratype, RV, Coverham #9,
Cenomanian, OS16672, RVD5099. Scales, p: 300- 2, 3, 14; 250- 1; 200-
4,5,6,7,8,9,10,11,12,13, 15,16, 17,18, 19.
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Majungaella wilsoni sp. nov.
(Pl. 2, Figs. 2-5)

Derivation of name.- Named for the late Dr Derek D. Wil-
son, previously of the Geological Survey of New Zealand,
who guided the author through the late Cretaceous Mid-
Waipara Gorge sequence in May 1981.

Material.- 32 valves, 3 carapaces.

Holotype.- OS16640, RVD#4963. LV, Waipara #35,
Maastrichtian.

Paratypes.- OS16641, RVD#4964. RV, Waipara #35,
Maastrichtian; OS16642, RVD#4966. RV, Waipara #35,
Maastrichtian; OS16643, RVD#4967. C, Waipara #35,
Maastrichtian; OS16644, RVD#4968. RV, Waipara #35,
Maastrichtian.

Diagnosis.- Pseudo-amygdaloidal in lateral outline, orna-
mented with coarse reticulation and ribs sub-parallel to
valve margins.

Description.- Moderately large species with almond-
shaped lateral outline. AM broadly rounded, weakly spin-
ose ventrally, with an AM rim, which is broadest in the
dorsal half. VM broadly convex with slight ventral over-
hang. Broadly rounded anterior cardinal angle, DM al-
most straight, PM narrow, bluntly rounded. Carapace
almost elliptical in dorsal view. Ornamented with seven
relatively strong ribs, the four distal-most of which run
sub-parallel to the valve margins. Inter-rib areas strongly
reticulate. Internal features poorly displayed. Hinge ap-
pears to be entomodont, AMA moderately wide with a
vestibule and numerous RPC (up to ?28).

Dimensions.-

length  height  width
0S16640, Holotype, LV 880 520
OS11641, Paratype, RV 850 520
0OS16642, Paratype, RV 855 !
0OS16643, Paratype, C 730 510
OS16644, Paratype, RV >810 520

Occurrence.- Confined to Waipara Gorge, New Zealand.
Abundant in sample 35 (16%) and rare (2%) in sample 33.

Remarks.- The preservation of all specimens of this species

is surprisingly poor - valves are invariably corroded and
broken. Other ostracod species in the same samples can
be well-preserved, so | conclude that the shell chemistry
or crystalline structure of wilsoni was particularly suscep-
tible to the prevailing taphonomic processes.

A suggestion by one of the reviewers of this paper (Prof. A.
R. Lord) is that specimens of M. wilsoni sp. nov. could be
reworked. Militating partially against such a likelihood
are: the ratios of adults/instars (19/8), and valves/carapace
(23/2), which point to a degree of original population
structure having been preserved; and the question of why
reworking should preferentially have affected (apparently)
only one species? The possibility of reworking remains
however, and only additional collecting will resolve it.

The amygdaloidal outline and coarse reticulation easily
distinguish M. wilsoni from M waiparaensis sp. nov. and
M. sp. 4978 from our other New Zealand faunas. Its orna-
mentation is most similar to M. ticka (Krommelbein, 1975)
from the middle Cretaceous of central Queensland, but
these two species differ in valve outline (the latter is some-
what less elongate - I/h ratio of 1.585 vs ~1.65 for wilsoni),
and the larger size of ticka (~1000 p vs 850-800 p). In dor-
sal views the AM area of ticka is distinctly more com-
pressed that wilsoni.

Majungaella waiparaensis sp. nov.
(P. 2, Figs. 6-9)

Derivation of name.- Waipara Gorge, New Zealand, lo-
cality of type.

Material.- 41 valves and 5 carapaces.

Holotype.- OS16646, RVD#4956. LV, Waipara #35,
Maastrichtian.

Paratypes.- OS16647, RVD#4957. RV, Waipara #35,
Maastrichtian; OS16648, RVD#4958. LV, Waipara #35,
Maastrichtian; OS16640, RVD#4959. RV, Waipara #35,
Maastrichtian; OS16650, RVD#4960. C, Waipara #35,
Maastrichtian; OS16651, RVD#4965. LV, Waipara #35,
Maastrichtian; OS16652, RVD#4961. RV, Waipara #33,
Maastrichtian; OS16653, RVD#4962. RV, Waipara #33,
Maastrichtian.
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Diagnosis.- Large species, ovate-sub-triangular in lateral
view, delicately ornamented with fine reticulation and five
weak primary ribs sub-parallel to valve margins.

Description.- Broadly rounded AM with small stubby
spines ventrally, PM short, truncated, slightly upturned
dorsally. DM almost straight in RV, slightly convex in LV.
VM gently convex, sweeping upwards posteriorly. Great-
est valve height at ~45% length. Carapace is elliptical in
dorsal view, and anterior and posterior marginal areas are
not compressed. Ornamented overall with fine reticula-
tion and five subdued primary ribs sub-parallel to the
valve margins. The primary ribs bifurcate in the posterior
part of the valve to produce a further three, secondary,
ribs. Central valve area has no clearly defined reticula-
tion/rib pattern with several small smooth areas. Internal
features are not well-seen. Incomplete views show an en-
tomodont hinge; AMA has a narrow vestibule with numer-
ous (>25) fine RPC.

Dimensions.-
length height width I/h ratio

OS16646, Holotype, LV 960 670 1.43
0OS16647, Paratype, RV 950 640 1.48
0OS16648, Paratype, LV~ 920 680 1.35
0OS16649, Paratype, RV 940 640 1.47
0OS16650, Paratype, C 960 600

0OS16652, Paratype, RV~ 850 540 1.57

0OS16653, Paratype, RV 800 525 1.52

Occurrence.- Confined to Waipara Gorge, New Zealand:
abundant in sample 35 (22%), rare in sample 33 (2%).

Remarks.- Three similar species of Majungaella were
recognised by Whatley & Ballent (1996) from the Creta-
ceous of Australia: M. annula Bate, 1972, M. ticka (Krom-
melbein, 1975) and M. scheibnerovae (Krommelbein,
1975). Of these, the most similar in shape and ornamen-
tation to M. waiparaensis sp. nov. is M. scheibnerovae (Al-
bian-Cenomanian of Queensland), but Krommelbein’s
species is larger, has coarser reticulation and a stronger
rib pattern that converges in the antero-dorsal region. The
subdued
waiparaensis also distinguishes it from two late Cretaceous

and delicate surface ornamentation of
species in Patagonia and the Antarctic Peninsula, which
have distinctly coarser features (M. australis Rossi de Gar-

cia & Proserpio, 1980, and M. sp. Ballent et al., 1998).

163

The species most similar to M. waiparaensis sp. nov. are
three Cenozoic taxa from Antarctica: M. antarctica
Szczechura, 2001 (Eocene, Seymour Island), M. sp. 4471
Dingle & Majoran 2001 (Oligocene, Victoria Land Basin,
Ross Sea) and M. sp. nov. (as ¢?Loxocythere sp. Szczechura
& Blaszyk, 1996, Pliocene, Cockburn Island). All three are
characterised by large size and subdued lateral surface or-
namentation. In antarctica and M. sp. nov., the reticula-
tion has been reduced to punctation and there are
typically antero-dorsal areas of celation which extend in
patches to the central valve area. In comparison to M. sp.
4471, M. waiparaensis sp. nov. has a very similar overall
shape and ornamentation, but can be distinguished by its
slightly more extended posterior outline, which also has a
more prominent “lip” on its dorsal side.

Majungaella australis? Rossi de Garcia & Proserpio,
1980
(Pl. 2, Fig. 10)

1980 Majungaella australis Rossi de Garcia &
Proserpio, 27, pl. 3, figs 3, 4, 7.

1998 Majungaella australis Rossi de Garcia &
Proserpio; Ballent, Ronchi & Whatley, 50, pl.1,
fig. 13.

2003 Majungaella australis Rossi de Garcia &
Proserpio; Fauth & Seeling, 100, pl. 2, figs 1-3.

non 1975 Tumidoleberis australis Bertels, 1975, 120, pl.

6, figs 4-5, 6a-b.

Material.- One valve.

Ilustrated specimen.- OS16655, RVD#4979. RV, sample
DJ628.32, Late Campanian.

Occurrence.- Found only in sample DJ628.32 from
Haslam Crag Formation, 102m above base of section on
Haslam Crag, Snow Hill Island.

Remarks.- Partly crushed specimen. Identification is un-
certain, but the relatively strong ornamentation suggests
that it is conspecific with M. australis rather than M. sp.
Fauth & Seeling, which is weakly ornamented. Fauth et al.
(2003) recorded australis over most of the section through
the upper part of the Santa Marta Formation at Hamilton
Point on James Ross Island, and the present record possi-
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bly extends the upper limit of its range into the Haslam
Crag Member of the overlying Snow Hill Formation (see
Pirrie et al., 1997a).

Majungaella sp. 4978
(Pl. 2, Fig. 11)

Material.- One carapace.

Hlustrated specimen.- OS16656, RVD#4978. LV, sample
71, Pukehou, Maastrichtian.

Occurrence.- Found only at Pukehou.
Dimensions.- Length 780y, height 540p.

Remarks.- A new species of Majungaella with a distinc-
tive, truncated, weakly spinose PM. This is the only repre-
sentative of the genus found in the outcrops on North
Island, New Zealand.

Genus Parahystricocythere gen. nov.
Type species.- Parahystricocythere ericea sp. nov.

Diagnosis.- Large, ovate to subpyriform, blind, reticulate,
spinose progonocytherid. Hinge is entomodont with a rel-
atively long, narrow, posterior section to the ME, above
which lies an accommodation groove in the LV. Wide
AMA with a narrow vestibule and ~27 hair-like RPC.

Remarks.- The definition of this genus as a separate taxon
rests in large measure on the structure of its hinge, and
here | have followed the terminology used in the Treatise
(Moore, 1961).

As its name implies, this taxon has many similarities to
Bate’s (1972) genus Hystricocythere, and were it not for
the fact that their respective type species have different
hinges, (H. imitata has a hemimerodont hinge), and if
Bate’s diagnosis were also amended to include large
species, the development of a narrow vestibule and an in-
crease in the number of anterior RPC (from ~14), the new
species P. ericea could be accommodated satisfactorily
therein. However, | feel that making Bate’s diagnosis elas-
tic enough to incorporate a different hinge type would be
too confusing phylogentically.
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As it is, the new genus fits comfortably within the subfam-
ily Progonocytherinae as re-defined by Whatley & Ballent
(1996), (although the MS of Parahystricocythere gen. nov.
remain unknown), but not specifically within any of the
existing genera. Whatley & Ballent (1996) considered only
five genera to be valid members of the subfamily: Pro-
gonocythere Sylvester-Bradley, Clyptocythere Brand &
Malz, Majungaella Grekoff, Fastigatocythere Wienholz
and Dromacythere Ware & Whatley, and P. ericea sp. nov.
does not conform to the amended diagnoses of any of
these. An additional factor, although not of generic signif-
icance, is that none of the current progonocytherid genera
have species with spinose ornamentation.

Of the current progonocytherid genera, Majungaella
seems to be the closest to Parahystricocythere gen. nov.,
and given the known stratigraphic distribution of the pro-
gonocytherids in this part of Australasia in the late Creta-
ceous, it seems the most obvious progenitor for the new
genus.

Apart from a different hinge, Parahystricocythere is a para-
homeomorph of Hystricocythere Bate, and there remains
the remote prospect that Parahystricocythere ericea be-
longs in Hystricocythere if the specimens on which Bate
(1972) erected H. imitata were immature (they were very
small). If adults were to be found they might possess an
entomodont hinge (the hinges of Bate’s types are particu-
larly weak). This would allow Hystricocythere to be
placed in the Progonocytherinae and Parahystricocythere
would become a junior homonym.

Both Bate (1972) and Neale (1975) considered this possi-
bility, but on the balance of evidence concluded that they
did have adults with hemimerodont hinges, although Bate
(1972 p. 76) himself recognised the uncertain taxonomic
status of his new genus by not allocating it to any family.
To further test this, both Professor Alan Lord (Senckenberg
Museum) and myself have looked at additional, rich as-
semblages from the region, and could find only small
hemimerodont adults. We had to conclude that Bate’s
original premise was correct. As a consequence, H. imi-
tata and P. ericea sp. nov. must be placed in separate gen-
era.

A further possibility exists that gene reactivation within an
evolutionary sequence of Hystricocythere resurrected an
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entomodont hinge after it had been “lost” from earlier pro-
gonocytherid ancestors (see Dingle 2003 for the princi-
ple, which was originally based on optical structures). At
the present time | feel that a conventional approach would
be more generally acceptable.

There is no currently-available evidence to suggest that
Parahystricocythere gen. nov. survived beyond latest Cre-
taceous time.

Parahystricocythere ericea sp. nov.
(Pl. 2, Figs. 12-16)

Derivation of name.- Latin, ericius = hedgehog, a fanciful
allusion to the small, prominent, hedgehog-shaped eleva-
tion on the postero-dorsal margin.

Material.- 58 valves, 7 carapaces.

Holotype.- OS16657, RVD#4969. LV, Waipara #33,
Maastrichtian.

Paratypes.- OS16658, RVD#4970. RV, Waipara #33,
Maastrichtian; OS16659, RVD #4971. RV, Waipara #33,
Maastrichtian; OS16660, RVD#4972. LV, Waipara #33,
Maastrichtian; OS16661, RVD#4973. RV, Waipara #33,
Maastrichtian; OS16662, RVD#4974. RV, Waipara #33,
Maastrichtian; OS16663, RVD#4975. C, Waipara #33,
Maastrichtian; OS16664, RVD#4976. C, Waipara #33,
Maastrichtian; OS16665, RVD#4977. LV, Waipara, #33,
Maastrichtian.

Diagnosis.- Large, blind, finely spinose species with a dis-
tinctly upturned postero-ventral outline and a prominent
anterior cardinal extension in LV. Characterised by a small,
spinose postero-dorsal (hedge-hog-like) elevation.

Description.- Ovate (RV) to sub-pyriform (LV) outlines.
Broadly rounded AM with small antero-ventral spines; PM
narrowly rounded, upswept postero-ventrally in LV, with
a small, but distinct postero-dorsal notch in both valves.
VM broadly convex, DM gently concave behind promi-
nent anterior cardinal angle in LV, almost straight in RV. In
both valves there is a low but prominent elevation at the
posterior end of the DM which is surmounted with small
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spines (the “hedge-hog”). Overall valve surfaces are retic-
ulate with densely spinose muri. Reticulation is more
prominent in the central part of the valve and this area is
surrounded by six narrow, finely spinose ribs that run sub-
parallel to the valve margins. In dorsal view the carapace
is elongate-ovate with a wide relatively spine-free AM bor-
der, and a prominent line of small spines along the crest
of the postero-dorsal “hedge-hog”-like elevation. There is
no eye tubercle. Internal features are imperfectly known.
Hinge is entomodont with strong terminal elements. In RV,
ATE is a large, arched quadrate bar with five strong teeth,
while the PTE is a narrow, ovate bar with 5-6 teeth. In LV,
ME is a narrow, straight, relatively long and finely dentic-
ulate bar that expands at the anterior end, with four rela-
tively large, rounded teeth. A prominent, straight
accommodation groove runs adjacent to the LV hinge.
Marginal areas have not been well-seen, but AMA is rel-
atively wide with up to 27 straight, hair-like RPC. The is a
narrow anterior vestibule. MS not seen.

Dimensions.-
length height width I/h ratio

0OS16657, Holotype, LV 900 550 1.64
0OS16658, Paratype, RV 830 530 1.57
0OS16659, Paratype, RV~ 870 540 1.61
0OS$16660, Paratype, LV~ 930 560 1.66
0OS16661, Paratype, RV 900 550 1.64
0S$16662, Paratype, RV~ 860 550 1.56
0S$16663, Paratype, C 880 550 1.60
0OS16664, Paratype, C 900 500

OS16665, Paratype, LV~ 830 520 1.60

Occurrence.- Known only from uppermost Maastrichtian
sediments at Waipara Gorge, New Zealand. It is most
common in sample 33 (at 37%, it is the dominant species
in the fauna), and rare in sample 35 (1.4%).

Remarks.- Parahystricocythere ericea sp. nov. is a para-
homeomorph of Hystricocythere imitata Bate. The most
significant difference is the hinge (entomodont vs
hemimerodont), but there are others. P. ericea sp. nov. is
>70% longer, and has a more rounded PM outline and a
distinctly more convex VM in both RV and LV. There is
also the postero-dorsal notch in lateral outline that H. im-
itata lacks, while P. ericea sp. nov has almost double the
14 anterior RPC of Bate’s species.
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Parahystricocythere sp. 5070
(Pl. 2, Fig.17)

Material.- One valve.

Hlustrated specimen.- OS16667, RVD#5070. RV, sample
75, Te Wainohu Point.

Occurrence.- Occurs only in sample 75 from Teratan
Stage (Santonian) argillites south of Te Wainohu Point.

Remarks.- This specimen is very similar to Parahystrico-
cythere ericea sp. nov. from the uppermost Maastrichtian
at Waipara, but it differs on several subtle points: the AM
outline is more extended, and the highest point of the
valve, which lies over the ATE, is in a relatively more pos-
terior location. Also the PM outline is more truncated.
Overall, the valve has a lower length/height ratio than typ-
ical female RVs from Waipara. The hinge is somewhat
more robust than in P, ericea sp. nov., although structurally
identical.

Family SCHIZOCYTHERIDAE Mandelstam, 1960
Subfamily SCHIZOCYTHERINAE Mandelstam, 1960

Genus Apateloschizocythere Bate, 1972

Remarks.- Bate (1972 p. 30) erected this genus on two cri-
teria: the lack of “an eye node, and the possession of an
antimerodont hinge”. The former criterion is one | have
discussed as being controversial and flawed in supporting
generic determinations (e.g. Dingle, 2003), but the ab-
sence of internal views in my material leaves discrimina-
tion within the Schizocytherinae, between, for example,
Apateloschizocythere and some species of Amphi-
cytherura, something of a lottery.

Apateloschizocythere? colleni sp. nov.
(Pl. 2, Figs.18-19; PI. 3, Figs. 1-2, Text-Fig. 4.1-2)

Derivation of name.- Named for Dr John Collen, Victoria
University, who guided the author through the Coverham
sections in 1981.

Material.- Nine carapaces (one lost).
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Figure 4. Apateloschizocythere? colleni sp. nov., sample 9, Coverham,
Cenomanian. Main and secondary rib disposition. Normal pore open-
ings are shown by dots. The surface depression lying dorsal to the me-
dian diagonal rib is delimited by dashed lines, while the petal-like
arrangement of depressed reticulae ventral to the rib are shown for the
RV. 1. Holotype NHM PM OS16668, RVD5096, LV. 2. Paratype NHM
PM OS16672, RVD5099, RV. Scale bars = 200p.

Holotype.- OS16668, RVD#5096. C, sample 9, Cover-
ham, Cenomanian.

Paratypes.- OS16669, RVD#5095; OS16670, RVD#5097;
0OS16671, RVD# 5098; OS16672, RVD#5099. All cara-
paces from sample 9, Coverham, Cenomanian.

Other comparative material.- NHM PM OS16673.

Diagnosis.- Reticulate species with two distinctive, retic-
ulate depressions either side of an inflected diagonal me-
dian-lateral ridge. Rounded PM.

Description.- Quadrate, relatively large (for the genus)
species with broadly, asymmetrically rounded AM, some-
what acuminate PM, but not caudate. DM and VM almost
straight, parallel. VM sweeps upward posteriorly. Both
valves have a wide, distinctive flange-like surface adja-
cent to the postero-ventral margin. Lateral surfaces carry
three prominent lineaments: a vertical elevation that fol-
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lows a irregular course from the postero-dorsal area to-
wards the VM, where it swings anteriorly and becomes a
well-defined but low rib that proceeds roughly parallel to
the VM, almost to the AM. The main lateral surface rib runs
diagonally from the postero-dorsal region, where it may or
may not join the vertical rib, to a ventral position at or
very close to the AM. There is a distinctive inflection just
in front of valve mid-length. There is a further short rib par-
allel to the AM in the dorsal quarter, as well as two or
three short riblets just above and parallel to the anterior
part of the main diagonal rib. Valve surface is coarsely
reticulate overall, but muri are rounded, not sharp. Both
the shape and distribution of the primary reticulae appear
random. Where the valve surface is well-enough pre-
served many, if not all, of the reticulae are seen to be oc-
cupied by delicate secondary reticulation and carry sieve
pores. There are also prominent open, normal pores on
small nodes at various locations, especially where muri
intersect. These have been observed particularly in areas
dorsal to the diagonal rib, posterior of the vertical rib and
antero-ventrally.

A distinctive feature of the lateral surface is the presence
of two shallow surface depressions adjacent to the diago-
nal rib, immediately anterior of valve mid-length. The de-
pression below the diagonal rib occupies the whole
surface between this rib and the ventro-lateral rib and has
a very distinctive petal-like arrangement of nine reticulae
in two quasi-vertical rows - four anteriorly. The depression
above the diagonal ridge is more irregular in shape,
deeper, with a vertical cleft-like central feature, several ri-
blets, and extends almost to the DM. No ocular structures
are present.

In dorsal view, outline is amygdaloidal, with a wide
smooth inward sloping DM surface located behind the an-
terior cardinal area. Perimeter of this surface is formed by
a sharp edge along the DMs of the two valves. The dorsal
flange of the RV overlaps the edge of the LV. AM in dorsal
view is bluntly rounded, whereas PM outline is pointedly
constricted.

No single valves were available, so no internal features
have been observed.
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Dimensions.-

length  height width
0S16668, Holotype, C 550 300
0OS16669, Paratype, C 600 300
0S16670, Paratype, C 550 250
0OS16671, Paratype, C 550 260
0OS16672, Paratype, C 601 290

Occurrence.- Found only in sample #9 from the Saw Pit
Mudstone (Ngaterian = Cenomanian) in Nidd Stream at
Coverham.

Remarks.- There are many similarities between Ap-
ateloschizocythere? colleni sp. nov. and Bates’ genotype
(A. geniculata Bate), in particular overall shape, structure
of sieve pores, lateral rib disposition, absence of eyes, and
the aspect of the DM in dorsal view. The two species dif-
fer with A.2 colleni sp. nov. lacking a PM caudal process
and sharp reticulate muri. The new species is also consid-
erably larger that A. geniculata: mean length 570: vs 470:).
However, until internal views of the New Zealand species
are available its placement in Apateloschizocythere rather
than Amphicytherura or Schizocythere is uncertain. Cur-
rently | favour the former on the species’ possession of
well-structured reticulation, its lateral rib (rather than
ridge) disposition and the presence of sieve pores.

The closest morphotype to Apateloschizocythere? colleni
sp. nov. is A. mclachlani Dingle, 1981 from the Campan-
ian of South Africa, but the latter has a more pronounced
caudal process, sharper, more blade-like muri, and a dis-
tinct, wing-like process at the posterior end of its ventral
rib. A. laminata (Dingle, 1971) from the Maastrichtian of
South Africa also has many similar features, but has a
prominent anterior cardinal elevation in the LV and a con-
vex VM. A. fimbriata from the Maastrichtian of Egypt has
a caudal process, and a ventral ride with a postero-ventral
“fringe” (Bassiouni & Luger, 1990). Apateloschizocythere
sp. A from the Palaeocene-Eocene of the Maud Rise differs
in possessing a distinctive vertical rib that runs from the
anterior-cardinal angle to the oblique median lateral rib,
and a PM caudal process (Majoran & Dingle, 2002).

Apateloschizocythere? colleni sp. nov. is the oldest re-
ported representative of the genus, suggesting that it may
have originated in Australasia.
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Family KRITHIDAE Mandelstam, 1958
Genus Krithe Brady, Crosskey & Robertson, 1874

Remarks.- Bate (1972) found only three valves of Krithe in
his study of West Australian late Cretaceous ostracods,
while Neale (1975) did not report the genus in the Gingin
Chalk. Likewise, there are no previous reports of it from
the Maastrichtian of Patagonia (Bertels 1975) or the late
Cretaceous of the Antarctic Peninsula (Fauth & Seeling
2003). In contrast, in New Zealand Krithe occurs in mod-
est numbers in the Maastrichtian at Waipara and Pukehou
(mean, 1.8-4.6%, respectively), and is the most abundant
taxon (in a sparse fauna) in the Maastrichtian at Man-
gatarata Road.

In all three regions, Krithe is widely reported and abun-
dant from overlying Palaeogene strata.

Krithe sp. 5055
(PI. 3, Fig. 3)

Material.- Three valves.

Hllustrated specimen.- OS16674, RVD#5055. LV, sample
68, Pukehou.

Occurrence.- Occurs in samples #68 from Pukehou, and
#35 from Waipara Gorge, where it occurs in trace num-
bers.

Remarks.- This species is similar to Krithe sp. Bate 1972
from the Campanian of north Western Australia, but is
even more elongate (I/h ratio 2.44 vs 2.08), and has more
a pronounced VM concavity.

Krithe sp. 5056
(PI. 3, Fig. 4)

Material.- 28 valves, 26 carapaces.

Hlustrated specimen.- OS16677, RVD#5056. LV, sample
68, Pukehou.

Other comparative material.- OS16678, RVD#5057. LV,
sample #35, Waipara Gorge.

Occurrence.- Occurs in small numbers in all samples at
Waipara (1-2%), and Pukehou (2-4%).

Remarks.- A relatively squat species (I/h ~1.89) with
broadly rounded AM and PM, with a small, distinct pos-
tero-ventral acumination in well-preserved specimens.
Krithe sp. 5056 is reminiscent of one specimen of the
larger variety of Krithe sp. illustrated by Ayress (1995, pl.
6, fig. 5) from the Late Eocene of south Canterbury (I/h
ratio 1.89 vs 1.84), but the latter has a somewhat higher
postero-dorsal shoulder. In Ayress’s fauna, Krithe sp. is the
third most abundant taxon, suggesting to him that depo-
sition was in a quiet, outer shelf environment <500 m
water depth.

Krithe sp. 5079
(Pl. 3, Fig. 5)

Material .- 14 valves.

Ilustrated specimen.- OS16680, RVD#5079. LV, sample
66, Mangatarata Road.

Occurrence.- Occurs only in the Maastrichtian of Man-
gatarata Road.

Plate 3. 1, Apateloschizocythere? colleni sp. nov. Paratype, C dorsal view,
anterior to right, Coverham #9, Cenomanian, OS16670, RVD5097. 2,
Apateloschizocythere? colleni sp. nov. Paratype, C ventral view, anterior
to left, Coverham #9, Cenomanian, OS16671, RVD5098. 3, Krithe sp.
5055, LV, Pukehou #68, Maastrichtian, OS16674, RVD5055. 4, Krithe
sp. 5056, LV, Pukehou #68, Maastrichtian, OS16677, RVD5056. 5,
Krithe sp. 5079, LV, Mangatarata Road #66, Maastrichtian, OS16680,
RVD5079. 6, Cythereis cf. C. brevicosta Bate 1972, RV, Pukehou #68,
Maastrichtian, OS16683, RVD5018. 7, Scepticocythereis cf. S. ornata
Bate 1972, RV, Pukehou #71, Maastrichtian, OS16684, RVD5028. 8,
Scepticocythereis cf. S. ornata Bate 1972, LV, Pukehou #68,
Maastrichtian, OS16686, RVD5024. 9, Scepticocythereis cf. S. ornata
Bate 1972, LV, Waipara #33, Maastrichtian, OS16685, RVD5030. 10,
Scepticocythereis cf. S. ornata Bate 1972, RV, Woodside Creek #3,
Maastrichtian, OS16687, RVD5088. 11, Scepticocythereis? sp. 5044, LV,
Waipara #35, Maastrichtian, OS16698, RVD5044. 12, Limburgina
postaurora sp. nov. Holotype, LV, Waipara #35, Maastrichtian, OS16701,
RVD5012. 13, Limburgina postaurora sp. nov. Paratype, RV, Waipara
#35, Maastrichtian, OS16703, RVD5011. 14, Limburgina postaurora sp.
nov. Paratype, LV, Waipara #35, Maastrichtian, OS16702, RvD5010. 15,
Trachyleberis hornibrooki sp. nov. Holotype, LV, Waipara #33,
Maastrichtian, OS16705, RVD5008. 16, Trachyleberis hornibrooki sp.
nov. Paratype, RV, Waipara #33, Maastrichtian, OS16708, RVvD5007. 17,
Trachyleberis hornibrooki sp. nov. Paratype, C dorsal view, Waipara #33,
Maastrichtian, OS16712, RVD5075. 18, Trachyleberis hornibrooki sp.
nov. Paratype, RV interior, Waipara #33, Maastrichtian, OS16710,
RVD5073. Scales, p: 300- 3, 5,6, 7,8, 10, 12, 13, 14, 17, 18; 250- 4,
9,6 11,15, 16,
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Remarks.- AM more narrowly rounded than in K. sp.
5056, and overall, the carapace is slimmer (I/h = 2.00 vs
1.89). In contrast, K. sp 5079 is distinctly less elongate
than K. sp. 5055 (I/h = 2.44).

Krithe sp. 631.1
(not illustrated)

Material.- One crushed carapace. OS16682.

Occurrence.- Found only in sample DJ631.1 from the
base of the Cross Island Traverse on Snow Hill Island
(upper part of the Campanian Haslam Crag Member of
the Snow Hill Formation).

Remarks.- Although the single specimen is crushed, | am
confident it belongs in Krithe (the posterior depression is
clearly visible), and it compares favourably in general di-
mensions and outline to Krithe sp. 5056 from the Maas-
trichtian of Pukehou, New Zealand (this paper).

This is the first record of Krithe from either the Mesozoic
or Palaeogene of the Antarctic Peninsula.

Family TRACHYLEBERIDIDAE Sylvester-Bradley, 1948
Subfamily TRACHYLEBERIDINAE Sylvester-Bradley,
1948

Genus Cythereis Jones, 1849

Cythereis cf. C. brevicosta Bate, 1972
(Pl. 3, Fig. 6)

1917 Cythereis ornatissima Reuss sp. var. nuda Jones
& Hinde; Chapman, 55, pl. XIlI, fig. 5, pl. X1V,
fig. 11.

1972 Cythereis brevicosta Bate, 57, pl. 20, figs 9-10,
text-figs 3TA-D.

1975 Cythereis brevicosta Bate subsp. obtusa Neale,
52, pl. 2, figs 5-6, pl. 7, figs 4-7, pl. 8, figs 1-4.

Material.- Two valves.

Hllustrated specimen.- OS16683, RVD#5018. RV, sample
68, Pukehou, Maastrichtian.
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Occurrence.- Very rare, restricted to single valves in the
Maastrichtian of Woodside Creek (sample #3) and Puke-
hou (sample #68).

Remarks.- Preservation is poor, but the overall shell mor-
phology is close to the types illustrated by Bate (1972)
from the Santonian of Western Australia. The only signifi-
cant difference is the less symmetric PM outline in New
Zealand specimens, but the lack of internal views does
not allow a more rigorous assessment of this species’
generic status.

Genus Scepticocythereis Bate, 1972

Scepticocythereis cf. S. ornata Bate, 1972
(Pl. 3, Figs. 7-10)

1972 Scepticocythereis ornata Bate, 68, pl. 26, figs
1-8; pl. 27, figs 11-12; text-figs 37A-F.
1975 Scepticocythereis ornata Bate, Neale, 61, pl.
21, fig. 4; text-figs 12d, f, h.
non 1917 Cythereis ornatissima Reuss var. reticulata
Jones & Hinde, Chapman, 55, pl. 14, fig. 12.
non 1975 Scepticocythereis ornata Bate, Neale, pl. 2,
fig. 10.

Material.- 120 valves, 20 carapaces.

Figured material.-

length height width I/h ratio

0516684, RVD#5028,

RV, #71 Pukehou 1140 600 1.9
0516686, RvD#5024,

LV, #68 Pukehou 1220 650 1.87
0OS16685, RVD#5030,

LV, #33 Waipara 780 400 1.95
0OS16687, RVD#5088,

LV, #3 Woodside 1000 570 1.75

Other material.-
length height width I/h ratio
0OS16688, RVvD#5027,

LV, #71 Pukehou 1100 650 1.69
0516692, RVD#5026,

C, #71 Pukehou 1180 580
0S16689, RVD#5023,

RV, #68 Pukehou 1170 620 1.89
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0S16690, RVD#5025,

C, #68 Pukehou 1200 580
0S16691, RVD#5029,
RV, #33 Waipara 800 430 1.86

Other comparative material.- NHM PM OS slides 16693,
16694, 16695, 16696 & 16697.

Occurrence.- Occurs in the late Maastrichtian of New
Zealand at Pukehou (where it is an important component
of the fauna - 12% in both samples), at Waipara Gorge
(#33 ~3%, #35 <1%), and at Woodside Creek (sample
#3).

Remarks.- Neale (1975 p. 61) had difficulty in accepting
Bate’s genus as anything other than a sub-genus of Lim-
burgina, although he retained the distinction in his mono-
graph. This | suspect is because Bate himself made the
mistake of including Chapman’s specimen (1917, pl. 14,
fig. 12.) within his new genus in the synonymy for ornata,
whereas Neale’s own illustrations [1975 pl. 2 fig. 10
(Chapman’s specimen), and pl. 21 fig. 4 (S. ornata)]
clearly show their non-conspecificy. Neale (1975, p. 55)
selected one of Chapman’s specimens (CPC 7140) as the
holotype for his new species Limburgina aurora Neale,
and this is a female of the same species as the Chapman
specimen (CPC 7142) that Bate had synonymised with S.
ornata. A misunderstanding was inevitable.

Majoran (1996b) described Scepticocythereis sanctivin-
centis sp. nov. from the Late Eocene of South Australia. He
differentiated his species from S. ornata Bate on a some-
what different frontal muscle scar, and the distinctly in-
flated ventral portion of the AM. It also differs in its sharply
alate aspect in both dorsal and ventral views.

There are two New Zealand populations. The Pukehou
specimens are larger and relatively squatter than those
from Waipara (means >1100 p and 1.84 I/h vs 790 p and
1.91, respectively). In comparison, Bate’s material is in-
termediate in length, but has the same I/h ratio as the
Pukehou populations (890 p and 1.84). The specimens
from Woodside Creek are intermediate in dimensions
from these two localities.

The Maastrichtian New Zealand representatives of the
species differ principally from the Santonian Australian
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types in having a slightly less acuminate PM outline, and
a somewhat more robust paramphidont hinge (which has
a dentate ME). While no details of MS could be seen in the
New Zealand samples (because of relatively poor preser-
vation many of the valves are cracked and all are plugged
with coarse silt), the overall spinose/reticulate ornamenta-
tion, and lack of prominent SCT and longitudinal ridges
conform well to Bate’s generic diagnosis.

Scepticocythereis? sp. 5044
(PI. 3, Fig. 11)

Material.- Three valves, two carapaces.

Illustrated specimen.- OS16698, RVD#5044. C, sample
35, Waipara.

Other comparative material.- OS16700 contains
RVD#5045, LV, and RVD#5046, C. Both are from sample
35, Waipara.

Occurrence.- Known only from the Maastrichtian: sam-
ple #35, Waipara Gorge, and two probably conspecific
valves from sample #48, Rewa Stream.

Remarks.- Reticulate species with a more quadrate out-
line than Scepticocythereis cf. S. ornata Bate, particularly
in the postero-dorsal area. Also it is non-spinose and
smaller.

Genus Limburgina Deroo, 1966

Limburgina postaurora sp. nov.
(PI. 3, Figs. 12-14)

Derivation of name.- Reference to morphological close-
ness to L. aurora Neale, but also to its younger stratigraph-
ical level.

Material.- 77 valves, 4 carapaces.

Holotype.- OS16701, RVD#5012. LV, Waipara, sample
35, Maastrichtian.

Paratypes.- OS16703, RvD#5011, C, Waipara #35, Maas-
trichtian; OS16702, RVD#5010, LV, Waipara #35, Maas-
trichtian.
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Other comparative material.- NHM PM OS16704.

Diagnosis.- Large, coarsely reticulate, elongate species
with three short, sharp, longitudinal ridges, a prominent
vertical ocular ridge, and in the posterior quarter a contin-
uous or broken ridge linking the DM and VM.

Description.- Large, elongate, posteriorly tapering species
of typical “Cythereis” outline, with three longitudinal lat-
eral ridges. There is a considerable degree of intra-specific
variability in the prominence of various features of orna-
mentation. Highest point of the valve lies in the anterior
third above an eye tubercle which is crossed by a short,
narrow vertical ridge (most prominent in LVs). AM broadly
round, coarsely spinose below mid-height. PM acumi-
nate, less so in RV, bearing four stout spines ventrally. VM
almost straight, DM tapering posteriorly, but the outline is
obscured by sharp DM ridge that ends anteriorly in a
downward deflection above the modest-sized SCT. A
sharp VM ridge is continuous with a strong AM ridge and
is linked by a prominent ridge at about three-quarter valve
length to the DM ridge. Typically this ridge is continuous,
but it varies in prominence from a sharp feature to a sad-
dle between two conical swellings at the posterior ends
of the marginal ridges. The AM ridge lies close to the mar-
gin, but at its dorsal end veers inboard and in some spec-
imens abuts the ocular ridge. The median longitudinal
ridge is short, prominent, and dorsally-convex. In some
specimens it extends to the SCT, but is not connected to
the ridge linking the dorsal and ventral margins. The eye
tubercle varies from a prominent hemisphere to a swelling
mostly obscured by the ocular ridge. Overall, the surface
is coarsely reticulate, with smooth muri. Internal features
are poorly preserved and incompletely known. The AMA
are narrow, non-vestibulate and appear to carry few (¢8)
RPC. Hinge holamphidont, with asymmetric ATE and
plug-like PTE in RV. The ME is smooth, but there is a sug-
gestion in some LVs that the ME anterior tooth is subdi-
vided.

Dimensions.-
length  height  ratio
0S16701, Holotype, LV 1120 590 1.90
0OS$16703, Paratype, RV 1140 550 2.07
0OS16702, Paratype, LV 1100 620 1.77
mean 1.91
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Occurrence.- Restricted to samples 35 and 33 from the
Maastrichtian of the Laidmore Formation at Waipara
Gorge, New Zealand.

Remarks.- Both Bate (1972) and Neale (1975) described
species of Limburgina from Western Australia: formosa
(Campanian) and aurora (Santonian), respectively, but the
two species do not appear to have co-existed. They differ
in length/height ratio (aurora being more elongate, means
1.89 vs 1.73), valve length (mean aurora 873 pvs 1127 p)
and steepness of the postero-dorsal margin (formosa being
steeper). L. postaurora is intermediate in many of its fea-
tures to these two species: it is relatively elongate (mean
I/h ratio >1.90), is large (~1100p), and has a steep pos-
tero-dorsal margin. If differs from both the Australian
species in lacking spinose muri in its reticulation and in
possessing sharper longitudinal ridges and a prominent
ocular ridge. The SCT in L. postaurora is less prominent
than in L. aurora, while in the latter, the median longitu-
dinal elevation (in contrast to a ridge) is spinose.

At Waipara L. postaurora is overall the most abundant tra-
chyleberid (16-26%), while Neale (1975, p. 59) remarked
that L. aurora is occasionally common (up to 10%) in the
Santonian of Western Australia. In contrast, Bate (1972)
found only 11 specimens of L. formosa in his three sam-
ples.

Genus Trachyleberis Brady, 1898

Trachyleberis hornibrooki sp. nov.
(Pl. 3, Figs. 15-18; PI. 4, Fig. 1)

Derivation of name.- For Dr N. De B. Hornibrook who first
recognised Trachyleberis in New Zealand.

Material.- 33 valves, 15 carapaces.

Holotype.- OS16705, RVD#5008. LV, Waipara #33,
Maastrichtian.

Paratypes.- OS16709, RVD#5009, LV, Waipara #33,
Maastrichtian; OS16708, RVD #5007, C, Waipara #33,
Maastrichtian; OS16706, RVD#5005, C, Waipara #35,
Maastrichtian; OS16707, RVD #5006, LV, Waipara #35,
Maastrichtian; OS16710, RvD#5073, RV (broken valve),
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Waipara #33, Maastrichtian; OS16711, RVD#5074, LV,
(broken valve), Waipara #33, Maastrichtian; OS16712,
RVD#5075, C, Waipara #33, Maastrichtian.

Other comparative material.- NHM PM OS16713.

Diagnosis.- Compact species with numerous stout, tur-
reted or bladed spines arranged in seven distinct linea-
ments. SCT crowned by spinous elevation, while there is
a further prominent “castle” of spines in an antero-ventral
location relative to the SCT. The DM has three elaborately
turreted elevations.

Description.- Medium-sized species (mean of types
~850p), rather squat, sub-quadrate in lateral outline. LVs
taper posteriorly more than RV. AM broadly and symmet-
rically rounded with stout spines particularly in ventral
part; PM bluntly rounded, not drawn out, with 3-4 stubby
spines in ventral corner; VM almost straight; DM weakly
concave and strongly spinose. Highest point of valve lies
at <30% valve length. Surface smooth except for numer-
ous short, stout spines which are typically turreted or
blade-like. There are seven distinct spine lineaments: im-
mediately adjacent to AM (1); this is continuous with a
line adjacent to the whole VM (2); a pre-ocular line of 3-
6 spines sub-parallel to the AM (3); an ocular line with 4-
5 spines (4), which extends from the anterior cardinal
angle to a point immediately adjacent to a complex an-
tero-ventral “castle”-like elevation with five spines; an
oblique line of 4 spines that links the “castle” with the DM
(5); an oblique line of 4 spines running from the SCT to the
postero-dorsal cardinal angle (6); and 4-5 spines on a sin-
uous longitudinal median elevation (7), that does not con-
tinue to the SCT. The SCT is a complex cluster of 4-5
spines. There are also three elaborate spinose elevations
on the DM: at ~mid-length, at the postero-dorsal corner,
and immediately posterior to the latter. Internal views lim-
ited because of poor preservation. AMA wide, probably
avestibulate, with at least 20 RPC. Hinge holamphidont: in
RV ATE is possibly subdivided, peg-like, while PTE is
smooth and low. Anterior end of ME in LV is a prominent
smooth tooth.

Dimensions.-

length height  I/h
0S16705, Holotype, LV 810 450 1.8
0OS$16709, Paratype, LV 990 600 1.65
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0OS16708, Paratype, C 820 450 1.82
0OS16706, Paratype, C 760 450 1.69
OS16707, Paratype, LV 900 500 1.8
OS16712, Paratype, C 840

Occurrence.- Restricted to samples 35 and 33 from the
Maastrichtian of the Laidmore Formation at Waipara
Gorge, New Zealand.

Remarks.- Numerous species of Trachyleberis have been
described from the late Cretaceous and early Tertiary of
Australia and New Zealand, and T. hornibrooki sp. nov.
can be distinguished from all by a combination of three
main criteria: its relatively small size (mean length ~850:),
compact outline (I/h ratio ~1.75 is lower than any of these
previously recorded species), and the linear arrangement
of its lateral surface spines.

Of the three Santonian-Campanian species from Western
Australia (Bate, 1972; Neale 1975), anteplana Bate is
larger (~1000 p, although compact, I/h = 1.79) and is
spine free post-adjacent to the AM; penneyi Neale is
smaller, but more elongate (I/h = 1.83); while raynerae
Neale is larger and particularly elongate (I/h ~1.87). None
have the distinctive spine pattern of hornibrooki sp. nov.

The closest morphotype to T. hornibrooki sp. nov. is T.
thomsoni Hornibrook, 1952 from the middle Eocene to
early Oligocene of South Island, New Zealand, (=
Actinocythereis aff. thomsoni, Ayress 1993a & 1995). This
species has a pattern of spine lineaments very similar to
hornibrooki sp. nov, including a pre-ocular line, but it dif-
fers in possessing a posterior extension of the median lon-
gitudinal line that curves down to link with the VM
lineament. It is also much more elongate (I/h ~1.92), with
a distinctly acuminate PM outline.

Hornibrook’s (1952) type species T. thomsoni was col-
lected from 29 fathoms on the New Golden Hind Expedi-
tion in the southern fjords in 1946, but he also allocated
material of Palaeocene age to this species (not illustrated).
Ayress’s Eocene specimens (1993a and 1995) are proba-
bly not conspecific with either Hornibrook’s (1952) types
(I/lh = 2.14, and no pre-ocular spines) or what Swanson
(1969) and Ayress (1993b) considered to be T. thomsoni
from the Oligocene-Miocene of South Island.



Revista Espaiola de Micropaleontologia / v. 41 / n° 1-2 / 2009

Hornibrook (1952, 1953) recorded a further eight species
of the genus from Tertiary to Recent sediments of New
Zealand: scabrocuneata, (Brady, 1880), tridens sp. nov.,
brevicosta sp. nov., probesioides sp. nov., rugibrevis sp.
nov., retizea sp. nov., zeacristata sp. nov., and proterva sp.
nov., but all these differ from T. hornibrooki sp. nov. on
the points from which they were originally differentiated
from T. thomsoni, as this remains the closest Neogene
New Zealand species to it.

McKenzie et al. (1991 and 1993) recorded four distinct
taxa of Trachyleberis from the Eocene-early Oligocene of
SE Australia (brevicosta major, brevicosta australis, careyi
sp. nov. and paucispinosa sp. nov.), and all differ from T.
hornibrooki sp. nov on various aspects of the three crite-
ria mentioned above. In particular paucispinosa has rela-
tively few and elongate spines, careyi is a particularly
large species (1110-1260 ), lacks a pre-ocular lineament,
and has an acuminate PM outline, while the two sub-
species of brevicosta have large numbers of un-oriented
spines.

A further species has been described from the Eocene of
South Australia by Majoran (1996a): T. maslinensis. It can
be distinguished from T. hornibrooki sp. nov. by being
generally smaller, and exhibiting a greater range in size
and density of surface spines, which also do not form
well-defined lineaments. The SCT of T. maslinensis is
moreover not well-developed, in contrast to T. hornibrooki
sp. nov. Majoran (1996a) also recorded T. thomsoni from
these faunas, but did not illustrate specimens, and merely
stated that his new species was smaller and more spinose.

| do not consider the species Trachyleberis? thomsoni
ayressi and T.2 sp. Milhau (1993) from the lower Miocene
of North Island, New Zealand to be congeneric with Tra-
chyleberis.

Genus Rayneria Neale, 1975

Rayneria? punctata sp. nov.
(Pl. 4, Fig. 2-7)

Derivation of name.- Reference to punctate ornamenta-
tion.
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Material.- 18 valves.

Holotype.- OS16714, RVD#5015. LV, Waipara #35,
Maastrichtian.

Paratypes.- OS16716, RVD#5014, LV, Waipara #35,
Maastrichtian; OS1616718, RvD#5017, LV, Waipara #35,
Maastrichtian, (broken valve); OS16715, RvD#5013, RV,
Waipara #35, Maastrichtian; OS16717, RVD#5016, LV,
Waipara #35, Maastrichtian; OS1616719, RVD#5019, LV,
Pukehou #68, Maastrichtian; OS16720, RvD#5076, RV
(broken), Waipara #33, Maastrichtian; OS16721,
RVD#5077, LV (broken), Waipara #33, Maastrichtian;
0S16722, RVD#5090, LV, Pukehou #68, Maastrichtian.

Diagnosis.- Relatively large species with a prominent,
flared AM rib which diverges from the margin above mid-
height and crosses the eye tubercle. The ventro-lateral rib
is upturned sharply anterior to the modest SCT. Intercostal
areas weakly reticulate. Overall the valve surface is
densely covered in small punctae.

Description.- Valves have robust appearance, with a pos-
teriorly tapering, quadrate outline in lateral view. AM very
broadly rounded, non-spinose. PM bluntly rounded, fee-
bly spinose in ventral corner; in RV, PM is somewhat ven-
trally deflected. DM and VM almost straight, converging
posteriorly. There are three relatively short longitudinal
costae: that on the DM is irregular, nodose and extends
from an angular postero-dorsal process to about mid-
length, anterior to which it descends to terminate above
the low, round SCT. The latter has a low, irregular anterior
extension. A median ridge extends from the SCT along the
line of maximum length to a position below the angular
postero-dorsal process. The third costa traces a gentle con-
vex trajectory just inboard of the VM and extends anteri-
orly from a small prominent postero-ventral process and
terminates in front of the SCT extension around which it
loops abruptly to about mid-valve height. The anterior part
of the valve is dominated by a wide, flared AM rib that di-
verges from the margin about mid-height and runs
obliquely towards the DM across the eye tubercle. The AM
rib is continuous with a bladed rib that extends along the
VM. Inter-costal areas are very weakly and coarsely retic-
ulate, while the whole valve surface is densely covered in
small rounded punctae. These punctae occur on the
costae, and are absent only from their crests. Unfortu-
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nately poor preservation has denied access to internal fea-
tures of this species.

Dimensions.-

length  height  width
OS16714, Holotype, LV 770 450
0OS16716, Paratype, LV 850 510
0OS16718, Paratype, LV >720 500
OS16715, Paratype, RV 800 450
OS16717, Paratype, LV 810 220
0OS16719, Paratype, LV 770 450
0OS16722, Paratype, LV 910 570

Occurrence.- Occurs only as a minor component in
Maastrichtian samples from Waipara Gorge (1-5%), and
is rare (<1%) in sample 68 from Pukehou.

Remarks.- Lack of internal views precludes a more definite
generic assignment for R.? punctata sp. nov., but the sur-
face features accord well with the essential elements cited
by Neale (1975). The new species is somewhat larger than
Rayneria ginginensis Neale (mean 800 p vs ~670 p), and
further differs in being essentially non-spinose. Only one
other example of Neale’s genus has been reported in the
literature: R. nealei Dingle from the Santonian-Campanian
of south eastern Africa (Dingle 1980). This species is small
(~540 p), and is ornamented intercostally with few, rela-
tively large punctae. Neale’s genus appears to have been
confined to the latest Cretaceous of southern Africa and
Australasia.

Family CYTHERIDEIDAE Sars, 1925
Genus Rostrocytheridea Dingle, 1969

Remarks.- The stratigraphical and geographical distribu-
tion of this genus was recently reviewed by Ballent &
Whatley (2007), who concluded that it was confined to
Gondwanaland, and that it ranged in age from late Juras-
sic to ?mid-Campanian. This can now be extended to the
latest Maastrichtian (in New Zealand).

They listed thirteen species, nine of which have been for-
mally described. Although in only four of these has the
number of anterior RPC been seen, there appears to have
been a sharp reduction in the number from 25-30 in the
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Hauterivian species of South Africa/Argentina to 9 in the
Albian-Santonian of Australia, and 12 in the Maastrichtian
of New Zealand.

Rostrocytheridea pukehouensis sp. nov.
(Pl. 4, Figs. 8-13)

Derivation of name.- Pukehou, North Island, New
Zealand, locality of types.

Material.- 704 valves, 145 carapaces.

Holotype.- OS16724, RVD#4982. RV, female, Pukehou
#68, Maastrichtian.

Paratypes.- OS16725, RVD#4983, LV, female, Pukehou
#68, Maastrichtian; OS16726, RVD#4984, RV, male,
Pukehou #68, Maastrichtian; OS16727, RVD#4985, LV,
male, Pukehou #68, Maastrichtian; OS16728,
RVD#4986, LV, female, Pukehou #68, Maastrichtian;
0OS16729, RVD#4988, RV, male, Pukehou #68, Maas-
trichtian; OS16733, RVD#4989, C, male, Pukehou #68,
Maastrichtian; OS16731, RvD#4990, C, female, Pukehou
#68, Maastrichtian; OS16732, RVD#4991, RV, female,
Pukehou #71, Maastrichtian; OS16734, RVvD#5072, LV,
female, Pukehou #68, Maastrichtian.

Diagnosis.- Large, smooth, strongly sexually dimorphic
species with paddle-shaped, non-spinose, ventrally-di-
rected PM, and broadly rounded AM with a narrow,
stepped periphery.

Description.- Large species (~1000 p). Sexual dimorphism
is strong, with presumed females plumper and less elon-
gate than males (I/h ratio of types 1.69 vs 2.10, respec-
tively). AM asymmetrically rounded with a prominent,
two-stepped periphery that produces an outer flange, most
noticeably below mid-height. PM narrow, paddle-shaped
and typically strongly ventrally-directed. DM weakly con-
vex in female RV, otherwise almost straight. VM of females
broadly convex, and in males almost straight (LV) or
weakly concave at about mid-length (RV). Overall, sur-
face entirely smooth except for large normal pore aper-
tures - typically there are ~25.

Despite the large assemblages, internal features are poorly
known. The hinge is strongly antimerodont. The RV ATE is
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a robust, elongate-oval tooth with four subdivisions, while
the PTE is narrower, more elongate, with six subdivisions.
The ME is a straight crenulate groove. LV dentition is com-
plementary, with the addition of a dorsal accommodation
groove. AMA moderately wide with a narrow vestibule
and ~12 straight RPC. There are ~9 short RPC in the PMA.
MS not seen.

Dimensions.-

length  height  width
0S16724, Holotype, RV 1040 600
0OS16725, Paratype, LV 1020 600
0OS16726, Paratype, RV 1040 500
0OS16727, Paratype, LV 1120 590
0OS16728, Paratype, LV 1010 600
0OS16729, Paratype, RV 1180 510
0OS16733, Paratype, C 1150 530
OS16731, Paratype, C 970 580
OS16732, Paratype, RV 1010 600
OS16734, Paratype, LV 1040 550

Occurrence.- Restricted to the Maastrichtian at Pukehou,
New Zealand, where it dominates samples 68 and 71
(80% and 57%, respectively).

Remarks.- Two species of this genus occur in the Santon-
ian of Western Australia (westaustraliensis (Chapman) and
canaliculata Bate), but neither can be confused with R.
pukehouensis sp. nov.: Chapman’s species has coarse
reticulation and a stout postero-ventral spine, while Bate’s
species has a strongly depressed AM rim and a distinctly
dentate PM.

The new species is most similar in general outline and sur-
face features to the type species from the Hauterivian of
South Africa (R. chapmani Dingle), but the females of the
New Zealand species are more tear-shaped, while the
paddle-shaped PM outline is distinct from the rounded
point of chapmani. Fauth & Seeling’s (2003) Campanian
species from Antarctica (R. hamiltonensis) is similar in
shape to R. pukehouensis sp. nov., but has a broad mar-
ginal rim that extends continuously along almost the en-
tire anterior and ventral margins, while its PM “beak”
carries small marginal spines.

This New Zealand record is the youngest known occur-
rence of the genus.
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Rostrocytheridea aff. R. allaruensis? Krommelbein, 1975
(Pl. 4, Fig. 14)

1975 Rostrocytheridea? allaruensis Krommelbein,
457, pl. 4, figs 14-15.

Ilustrated material.- OS16738, RVD#5069. Partly disar-
ticulated carapace.

Occurrence.- Found only in sample #50, from the
Springhill Formation on the upper Rewa Stream. This is an
uppermost Ngaterian Stage (Cenomanian) mudstone.

Remarks.- Identification of this small species (length = 650
) is uncertain, but the overall outline, particularly the
elongate, weakly “beaked” PM outline, along with a
smooth exterior surface with numerous large NPC open-
ings, suggest placement within Rostrocytheridea. Krom-
melbein’s species from the Albian-Cenomanian of
Queensland is the closest described species, but the New
Zealand taxon differs in possessing no fine AM and PM
spines.

Plate 4. 1, Trachyleberis hornibrooki sp. nov. Paratype, LV interior,
Waipara #33, Maastrichtian, OS16711, RVD5074. 2, Rayneria? punctata
sp. nov. Holotype, LV, Waipara #35, Maastrichtian, OS16714, RVD5015.
3, Rayneria? punctata sp. nov. Paratype, RV, Waipara #35, Maastrichtian,
0OS16715, RVD5013. 4, Rayneria? punctata sp. nov. Paratype, LV, ven-
tral view, Waipara #35, Maastrichtian, OS16717, RVD5016. 5, Rayne-
ria? punctata sp. nov. Paratype, LV, Pukehou #68, Maastrichtian,
0OS16722, RVD5090. 6, Rayneria? punctata sp. nov. Paratype, RV, inter-
nal view, Waipara #33, Maastrichtian, OS16721, RVD5077. 7, Rayneria?
punctata sp. nov. Paratype, LV, internal view, Waipara #33, Maastricht-
ian, OS16720, RVD5076. 8, Rostrocytheridea pukehouensis sp. nov.
Holotype, RV&, Pukehou #68, Maastrichtian, OS16724, RVD4982. 9,
Rostrocytheridea pukehouensis sp. nov. Paratype, LV?, Pukehou #68,
Maastrichtian, OS16725, RVD4983. 10, Rostrocytheridea pukehouensis
sp. nov. Paratype, LV o, Pukehou #68, Maastrichtian, OS16727,
RVD4985. 11, Rostrocytheridea pukehouensis sp. nov. Paratype, RV O,
Pukehou #68, Maastrichtian, OS16729, RVD4988. 12, Rostrocytheridea
pukehouensis sp. nov. Paratype, LV, internal view ¢, Pukehou #68, Maas-
trichtian, OS16734, RVD5072. 13, Rostrocytheridea pukehouensis sp.
nov. Paratype, C, dorsal view o, Pukehou #68, Maastrichtian, OS16733,
RVD4989. 14, Rostrocytheridea aff. R. allaruensis? Krommelbein 1975,
C, RV (the two valves have slipped laterally - RV has moved ventrally in
relation to LV), Rewa Stream #50, Cenomanian, OS16738, RVD5069.
15, Rostrocytheridea hamiltonensis Fauth & Seeling 2003, LV, Snow Hill
Island DJ633.5, Campanian, OS16739, RVD4998. 16, Rostrocytheridea
hamiltonensis Fauth & Seeling 2003, RV, Snow Hill Island D}633.5, Cam-
panian, OS16740, RVD4999. 17, Rostrocytheridea? sp. 4992, LV, LV,
Waipara #35, OS16749, RVD4992. 18, Ameghinocythere eagari sp. nov.
Holotype, RV, Pukehou #71, Maastrichtian, OS16750, RVD4993. Scales,
p:300-1,5,7,8,9,10,11,12,13,15,16, 18; 250- 2, 3, 6, 14, 17; 200-
4.
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Plate 4
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This record suggests that Rostrocytheridea had a similarly
long history in New Zealand (Cenomanian to Maastricht-
ian) as it had in Australia (Albian-Cenomanian to Santon-
ian).

Rostrocytheridea hamiltonensis Fauth & Seeling, 2003
(Pl. 4, Figs. 15-16)

2003 Rostrocytheridea hamiltonensis Fauth & Seeling
in Fauth et al., 102, pl. 2, figs 8-12.

Material.- Three valves, eleven carapaces.

Hlustrated specimens.- OS16739, RVD#4998, C, female,
sample DJ633.5, (15m), Snow Hill Island Formation, Cam-
panian; OS16740, RVD#4999, C, female, sample
DJ633.5, (15m), Snow Hill Island Formation, Campanian.

Other comparative material.- OS16742, RVD#5000, C,
male?, DJ677.3, clay within Hobbs Glacier Formation,
Campanian; OS16746, RVD#5001, C, male?, DJ677.3,
clay within Hobbs Glacier Formation, Campanian.

Occurrence.- All specimens of this species so far recorded
are from the Campanian of the northern Antarctic Penin-
sula. In the present study | recorded it at five horizons in
the Snow Hill Island Formation (Snow Hill Island: Second
Ice Gulley and Haslam Crag), and in Pirrie’s (1995) sam-
ple 677.3 of clay within the Hobbs Glacier Formation
(James Ross Island). Fauth et al. (2003) also recorded it at
sixteen horizons in the upper Santa Marta Formation
(James Ross Island). The latter lie stratigraphically lower
within the Campanian sequence than those on Snow Hill
Island (see Pirrie et al., 1997a).

Remarks.- This species has very prominent and widely-
spaced NPC, and it is these canals, when impregnated
with calcite cement that produce small upstanding pillars
whenever parts of the outer layer or the whole shell are
eroded or corroded away. This phenomenon gives rise to
the appearance in some specimens of their being “strongly
ornamented with nodes” that was mistakenly described
by Fauth et al. (2003, p. 102) as celation.
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Rostrocytheridea? sp. 4992
(Pl. 4, Fig. 17)

Material.- One broken and slightly crushed valve.
0S16749, RVD#4992.

Occurrence.- Found only in Maastrichtian sample 35,
Waipara Gorge.

Remarks.- The generic status of this species in uncertain.
Its tapering, rounded PM outline distinguishes it from R.
pukehouensis sp. nov. and is more akin to R
opisthorhynchus Ballent & Whatley (2007) from the late

Jurassic-early Cretaceous of Argentina.

This is the only record of a possible Rostrocytheridea
species from the Laidmore Formation.

Family PECTOCYTHERIDAE Hanai, 1957

Genus Ameghinocythere Whatley, Moguilevsky, Toy,
Chadwick & Ramos, 1997

Ameghinocythere eagari sp. nov.
(Pl. 4, Fig. 18; PI. 5, Figs. 1-3)

Derivation of name.- Named for Dr Stephen Eagar, fellow
ostracod worker at Victoria University, Wellington, who
guided the author to outcrops in the southern part of
North Island, New Zealand in May 1981.

Material.- 12 valves and 21 carapaces.

Holotype.- OS16750, RVD#4993. RV, Pukehou# 71,
Maastrichtian.

Paratypes.- OS16751, RVD#4994, LV, Pukehou #71,
Maastrichtian; OS16752, RVD#4995, RV, Pukehou #71,
Maastrichtian; OS16753, RVD#4996, C, Pukehou #71,
Maastrichtian; OS16754, RVD #4997, C, Pukehou #71,
Maastrichtian.

Other comparative material.- NHM PM OS16755.

Diagnosis.- A relatively large species (~850 p) with coarse
reticulation and strong ribbing, particularly sub-parallel to
AM and PM. There is a cluster of 5-7 stout, blunt tubercles
in the postero-ventral corner of the lateral surface.
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Description.- Elongate, sub-rectangular outline, with ex-
tended, rounded AM and truncated PM outlines. In RV,
the PM slopes noticeably posteriorly. DM and VM almost
straight, converging slightly posteriorly. VM weakly con-
vex just anterior to mid-length. In dorsal view, valve flanks
are almost parallel, and there is a pronounced constric-
tion along the AM. Maximum width lies at about 60%
valve length. Valves are coarsely reticulate overall, with
polygonal fossae and strong ribbing that is most promi-
nent in three lines sub-parallel to the AM and PM. In the
postero-ventral part of the valve there are between five
and seven stout, blunt tubercles, the two most-prominent
of which are perforate and lie adjacent to the postero-ven-
tral corner. Internal features not well-seen. AMA is rela-
tively broad with 11 well-spaced RPC. What little could
be seen of the hingement does not conflict with illustra-
tions of the type species.

Dimensions.-

length height width I/h ratio

0S16750, Holotype, RV 880 420 2.10
OS16751, Paratype, LV~ 850 400 2.13
0OS16752, Paratype, RV~ 850 390 2.18
0OS16753, Paratype, C 830 380
0OS16754, Paratype, C 860 390

Occurrence.- Confined to the Pukehou section, New
Zealand, where it is one of the two dominant species in
sample 71 (20%), but is rare in sample 68 (0.4%).

Remarks.- The outline of A. eagari sp. nov. is very similar
to the type species (A. reticulata Whatley et al.), except
that the former is more elongate (mean I/h ratio 2.14 vs
1.98) and considerably larger (~850 p vs ~620 p). In dor-
sal outline the new species has parallel flanks, compared
to the more elliptical outline of the genotype.

This is the first record of the genus in Australasia, but pec-
tocytherids are relatively common and diverse in the San-
tonian-Campanian of Western Australia (five species of
Munseyella, Paramunseyella and Premunseyella, making
up to 15% of the ostracod fauna) (Chapman, 1917; Bate,
1972; Neale, 1975). However, there is no record of
Ameghinocythere having extended its distribution into
Australia during Tertiary times, and it seems to have be-
come extinct in pre-Eocene strata in New Zealand.
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The species of Ameghinocythere recorded as ?A. cf.
Cytheromorpha? flexuosa Bertels (1975) by Szczechura
(2001) from Eocene strata on Seymour Island, Antarctic
Peninsula is very similar in outline and ornamentation to
A. eagari sp. nov. However, the new species is consider-
ably larger (Szczechura’s species has a mean length of 630
H), has a coarser reticulate ornamentation, and possesses
a less broad PM outline.

| am satisfied that Szczechura'’s species belongs in Amegh-
inocythere, although the original record of Cytheromor-
pha? flexuosa sp. nov. by Bertels (1975) (from the middle
Maastrichtian of Patagonia), with which she compared it,
was only tentatively allocated to their new genus by What-
ley et al. (1997). Illustrations of the holotype (Bertels,
1975, pl. 6 fig. 13) are of a species with a distinctly com-
pressed AM area, which is not the case for Szczechura’s
(2001) material. Hence the conspecificy of the two taxa
seems doubtful, and further, | am not convinced that
Bertel’s species belongs in Ameghinocythere.

Ameghinocythere lutheri sp. nov.
(Pl.5, Figs. 4-7)

Derivation of name.- Named for Dr Axel Luther, previ-
ously of Heidelberg University, who discovered the first
Cretaceous ostracods from James Ross Island.

Material.- Two carapaces.

Holotype.- OS16756, RVD#5032. C, sample DJ633.5,
Snow Hill Island, Late Campanian.

Paratype.- OS16757, RvD#5033, C, sample D)633.12,
Snow Hill Island, Late Campanian.

Diagnosis.- Species with weakly concave DM and VM giv-
ing a waisted outline in lateral view. Reticulate ornamen-
tation overall, with a low but prominent inclined ridge
sub-parallel to AM that continues close to the DM before
flaring inboard in the posterior part of the valve.

Description.- Sub-quadrate outline in lateral view. AM
rounded, asymmetric; PM asymmetrically rounded and
ventrally extended. DM and VM weakly concave produc-
ing a waisted outline at about mid-length. Relatively squat
in dorsal view, valve sides almost parallel, AM has a
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prominent chord. Surface with subdued, but coarse, retic-
ulation overall. There is a prominent rib that runs from an
antero-ventral location, sub-parallel and inclined to the
AM and which marks a low step in the lateral surface. This
rib attaches itself to a ridge running parallel to the DM that
diverges from the DM at about 2/3 valve length and runs
sub-parallel to the PM to a position just above mid-height.
This continuous ribbing is a characteristic feature in dor-
sal view, where it creates a flared feature at the posterior
end of the DM. No eye spot seen.

No internal views were seen.

Dimensions.-
length height width I/h ratio
780 375 2.09
630

0S16756, Holotype, C

Os16757, Paratype, C 320

Occurrence.- Known only from two samples in the Snow
Hill Island Formation of the Second Ice Gulley on Snow
Hill Island (15m and 81m above the base of the se-
quence). Sample DJ633.5 (15m) was a soft, grey muddy
sand, while DJ633.12 (81m) was from a grey argillite inter-
bed within a Thyasira townsendi (White 1890) - rich lime-
stone that itself lies within weakly-sulphurous muddy
sands at the top (70-100m) of the Second Ice Gulley se-
quence (see Dingle, 1995, p.7-8).

Remarks.- Ameghinocythere lutheri sp. nov. is similar in
shape, ornamentation and size to ?A. cf. Cytheromorpha?
flexuosa Bertels (1975) as illustrated by Szczechura (2001)
from the Eocene of Seymour Island, but it differs in having
a more acuminate PM outline and in details of surface or-
namentation; in particular, A. lutheri sp. nov. possesses a
prominent ridge posterior and subparallel to the AM.
There are ridges sub-parallel to the AM in Szczechura’s
species, but none is dominant and the low step seen in
the anterior area of A. lutheri sp. nov. is lacking.

Ameghinocythere lutheri sp. nov. has many features in
common with A. eagari sp. nov. from New Zealand, but
the main differences are lutheri’s more evenly rounded
AM outline, its less prominent anterior cardinal angle, and
its more inflated outline in dorsal view (length/width ra-
tion of 1.97 vs 2.21, respectively). Also, A. lutheri sp. nov.
is significantly smaller than A. eagari sp. nov. (mean
lengths: 705 p vs 854 p, respectively).
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This is currently the oldest record (Late Campanian) of a
genus which became such a characteristic, if minor, ele-
ment of the Cenozoic faunas of Patagonia, the Antarctic
Peninsula, and the Ross Sea area (e.g. Dingle & Majoran,
2001), and which is widespread on the modern continen-
tal shelf off Patagonia (e.g. Whatley et al., 1997).

Ameghinocythere? sp. 5078
(PI. 5, Fig. 8)

Material.- One carapace.

lustrated specimen.- OS16758, RVD#5078, C, Maas-
trichtian.

Occurrence.- Found only in sample #66, Mangatarata
Road.

Remarks.- Overall carapace outline and size (length = 800
) is very similar to that of A. eagari sp. nov., but A? sp.
5078 is less elongate (I/h = 1.09 vs 2.09), and lacks retic-
ulate ornamentation.

Family CYTHERURIDAE Miller, 1894
Subfamily CYTHEROPTERINAE Hanai, 1957

Genus Cytheropteron Sars, 1888

Cytheropteron sp. 5034
(PI. 5, Figs. 9-10)

Material.- Two carapaces.

Ilustrated specimens.- OS16760, RVD#5036, C, sample
DJ631.1; OS16759, RVD#5034, C, sample DJ631.1. Both
Campanian, Snow Hill Island.

Occurrence.- Found only in sample DJ631.1 from the
base of the Cross Island Traverse in the Snow Hill Island
Formation (upper part of the Haslam Crag Member).

Remarks.- This is certainly a new species, but with only
two slightly damaged carapaces there is insufficient mate-
rial on which to base a diagnosis. Both Fauth et al. (2003)
and Bertels (1975) recorded similar small species from the
Campanian and Maastrichtian of James Ross Island and
Patagonia, respectively. These differ from Cytheropteron
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sp. 5034 in both having more strongly alate profiles in
dorsal view, and being smooth (C. sp. Bertels), and finely
reticulate (C. sp. Fauth & Seeling), respectively. The new
species is coarsely reticulate overall, has blunt alae and a
downturned PM acumination. It is delicately arrow-
shaped in dorsal view with a strong DM chordate ridge.
There is no record of the genus Cytheropteron from the
Eocene of Seymour Island (Szczechura 2001), and the two
species reported from other Antarctic Peninsula sites at
King George Island (Oligocene) and Cockburn lIsland
(Pliocene) by Blaszyk (1987) and Szczechura & Blaszyk
(1996), respectively, are non-alate taxa.

Genus Pelecocythere Athersuch, 1979

Pelecocythere? sp. 5042
(PI. 5, Fig. 11)

Material.- Two broken valves.

Hlustrated specimen.- OS16761, RVD#5042, RV, sample
33, Waipara, Maastrichtian.

Other comparative material.- OS16762, RVD#5041, LV,
sample 71, Pukehou, Maastrichtian.

Occurrence.- A rare species found only at Waipara (£33)
and Pukehou (#71).

Remarks.- Both the specimens are incomplete. | believe
that this species, along with Cytheropteron carinoalatum
Bate, 1972 and Cytheropteron collisarboris Neale, 1975,
belongs in Pelecocythere. The genus was originally cre-
ated by Athersuch (1979) for a Recent deep-water species
from the NE Atlantic (P. sylvesterbradleyi sp. nov., ~3600
m), to which was added P. purii Neale, also from the Re-
cent of the deep NE Atlantic (4000-5000 m, Neale,
1988a). Whatley & Coles (1987) subsequently reported P.
sylvesterbradleyi (along with a new species P. foramena)
from sediments as old as Late Miocene in the deep North
Atlantic.

The three late Cretaceous species from Australasia that |
am suggesting also belong here are continental shelf
species, but they show all the general features cited by
Athersuch (1979), in particular the long alar rim pierced
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by pore canals, although the latter feature is not clearly
indicated in the New Zealand species because of poor
preservation. This implies that Pelecocythere originated in
shallow water in the late Cretaceous of NE Gondwana-
land before subsequently moving into abyssal habitats,
where it occurs widely today. This transformation had
begun by Middle Palaeocene times, at the latest, because
Majoran & Dingle (2001) reported a species (P. sp.) from
the Maud Rise (currently lying at 2080 m) which they
commented bore a strong resemblance to Cytheropteron
carinoalatum Bate. Currently, the shallowest modern
species of Pelecocythere of which | am aware, is P. galleta
from 1408m in the Scotia Sea (Whatley et al., 1988).

Family LOXOCONCHIDAE Sars, 1925
Subfamily LOXOCONCHINAE Sars, 1925

Genus Mandelstamia Lubimova, 1955

Mandelstamia antarctica Fauth & Seeling, 2003
(Pl. 5, Fig. 12)

2003 Mandelstamia antarctica Fauth & Seeling in
Fauth et al., 101, pl. 2, fig 4-7.

Material .- Two valves, seven carapaces.

Illustrated specimen.- OS16763, RVD#5059, C, sample
DJ677.3 “Hobbs Glacier Formation”, James Ross Island,
Campanian clast in glacial till.

Other comparative material.- OS16764, RVD#5058, C,
sample DJ633.31 Snow Hill Island Formation section,
Second Ice Gulley, Snow Hill Island, Campanian.

Occurrence.- Found at four sites: DJ633.31 at the base of
the Snow Hill Island Formation section in the Second Ice
Gulley, Snow Hill Island; D)628.41, 135m above the base
of the Haslum Crag Member, immediately below the
lower ash band near the top of Haslum Crag on Snow Hill
Island; DJ629.2 in the Santa Marta Formation at Ula Point
on James Ross Island; and most abundantly at DJ677.3
from clay intercalations in the Hobbs Glacier Formation at
Hamilton Point, James Ross Island.

Remarks.- This was the most abundant species in the Cam-
panian samples described by Fauth et al. (2003) from
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James Ross Island. Despite this, they were unable to ob-
tain any internal views of their species, and a similar sit-
uation ensued with my material. Surface reticulation is
slightly coarser in the specimens available to me, and the
best-preserved specimen illustrated here is smaller than
the holotype, although the valve proportions are identical
(I/h ratio 1.66).

Indeterminate species

Remarks.- These are relatively poorly-preserved material
from Pukehou, Mangatarata Road and Woodside Creek
(Maastrichtian, New Zealand), and Snow Hill Island, and
James Ross Island (Campanian, Antarctic Peninsula).

Indet. sp. 5060
(not illustrated)

Material.- One internal

RVD#5060.

carapace cast: OS16770,

Occurrence.- Sample DJ633.5, 15m above the base of the
Snow Hill Island Formation section in the Second Ice Gul-
ley, Snow Hill Island, Campanian.

Remarks.- A corroded and broken internal cast of a cara-
pace. Outline similar to Argilloecia sp. 2 of Fauth & Seel-
ing (2003), particularly the marked concavity of the VM
outline.

Indet. sp. 5081
(PI.5, Fig. 13)

Material .- Two carapaces.

Hllustrated specimen.- OS16771, RVD#5081, C, sample
66, Mangatarata Road, Maastrichtian.

Occurrence.- Found only at Mangatarata Road.

Remarks.- Elongate, apparently smooth, tapering posteri-
orly, PM with marked caudal process.

Indet. sp. 5082
(Pl. 5, Fig. 14)
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Material.- One carapace.

Illustrated specimen.- OS16772, RVD#5082, sample 66,
Mangatarata Road, Maastrichtian.

Occurrence.- Found only at Mangatarata Road.

Remarks.- Elongate, ovate outline, smooth surface, AM
evenly rounded, extended with rim. DM and VM almost
parallel.

Indet. sp. 5083
(PI. 5, Fig. 15)

Material.- One carapace.

Illustrated specimen.- OS16773, RVD#5083, sample 66,
Mangatarata Road, Maastrichtian.

Occurrence.- Found only at Mangatarata Road.

Remarks.- Outline reminiscent of Cytherois.

Plate 5. 1, Ameghinocythere eagari sp. nov. Paratype, LV, Pukehou #71,
Maastrichtian, OS16751, RVD4994. 2, Ameghinocythere eagari sp. nov.
Paratype, C, dorsal view (anterior is to right), Pukehou #71, Maastricht-
ian, OS16750, RVD4996. 3, Ameghinocythere eagari sp. nov. Paratype,
C, ventral view (anterior is to left), Pukehou #71, Maastrichtian,
0S16754, RVD4997. 4, Ameghinocythere lutheri sp. nov. Holotype, RV,
Snow Hill Island DJ633.5, Campanian, OS16756, RVvD5032. 5, Amegh-
inocythere lutheri sp. nov. Holotype, LV, Snow Hill Island DJ633.5, Cam-
panian, OS16756, RVD5093. 6, Ameghinocythere lutheri sp. nov.
Paratype, C, dorsal view (anterior is to right), Snow Hill Island DJ633.12,
Campanian, OS16757, RVD5033. 7, Ameghinocythere lutheri sp. nov.
Paratype, C, ventral view (anterior is to left), Snow Hill Island DJ633.12,
Campanian, OS16757, RVD5094. 8, Ameghinocythere? sp. 5078, C
right view, Mangatarata Road #66, Maastrichtian, OS16758, RVD5078.
9, Cytheropteron sp. 5034, RV, Snow Hill Island DJ631.1, Campanian,
0S16759, RVD5034. 10, Cytheropteron sp. 5034, C, dorsal view (ante-
rior is to right), Snow Hill Island DJ631.1, Campanian, OS16760,
RVD5036. 11, Pelecocythere? sp. 5042, RV, Waipara #33, Maastrichtian,
0OS16761, RVD5042. 12, Mandelstamia antarctica Fauth & Seeling
2003, LV, James Ross Island DJ667.3, Campanian, OS16763, RVD5059.
13, Indeterminate sp. 5081. C left view, Mangatarata Road #66, Maas-
trichtian, OS16771, RVD5081. 74, Indeterminate sp. 5082, C right view,
Mangatarata Road #66, Maastrichtian, OS16772, RVD5082. 15, Indeter-
minate sp. 5083, C right view, Mangatarata Road #66, Maastrichtian,
0S16773, RVD5083. 16, Indeterminate sp. 5085, RV, Woodside Creek
#3, Maastrichtian, OS16775, RVD5085. 17, Indeterminate sp. 5089, C
left view, Pukehou #68, Maastrichtian, OS16777, RVD5089. 18, Inde-
terminate sp. 5091, C left view, James Ross Island DJ677.3, Campanian,
0OS16778, RVD5091. Scale, p:300-1,2,3,8,11,14,15,17; 250- 4, 5,
7,13,16; 200- 6, 18; 150- 12; 100- 9, 10.
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Plate 5
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Indet. sp. 5084
(not illustrated)

Material.- One valve: OS16774, RVD#5084.

Occurrence.- Found only at Woodside Creek (#3, Maas-
trichtian).

Remarks.- “Cythereis”-like outline, but matrix on outer
surface obscures features.

Indet. sp. 5085
(Pl. 5, Fig. 16)

Material.- One valve.

Hlustrated specimen.- OS16775, RVD#5085, RV, sample
3, Woodside Creek., Maastrichtian.

Occurrence.- Found only at Woodside Creek.

Remarks.- Trachyleberid-like outline, but matrix on outer
surface obscures features.

Indet. sp. 5087
(not illustrated)

Material.- One valve: OS16776, RV#5087.

Occurrence.- Found only at Woodside Creek (#3, Maas-
trichtian).

Remarks.- Broken valve. Smooth surface, elongate, box-
shaped posterior outline. VM has a keel-like appearance.
Indet. sp. 5089
(Pl. 5, Fig. 17)

Material.- Three carapaces, one valve.

Hllustrated specimen.- OS16777, RVD#5089, C sample
68, Pukehou, Maastrichtian.

Occurrence.- Confined to sample #68 from Pukehou.

Remarks.- Four specimens of similar appearance, but
none well-enough preserved to allow allocation to a par-
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ticular taxon. Assuming they are of one species, the best-
preserved is relatively large (length = 1030 p), sub-
quadrate, relatively smooth with sparse, small pustules
and a weak SCT. Neither Bate (1972) nor Neale (1975)
described a species similar to it.

Indet. sp. 5091
(PL. 5, Fig. 18)
Material.- One carapace.

Hlustrated specimen.- OS16778, RVD#5091, C, sample
DJ677.3, James Ross Island.

Occurrence.- Found only at Hamilton Point, in the Hobbs
Glacier Formation, Campanian.

Remarks.- Ovate, smooth carapace. DM straight, VM
weakly concave.

Indet. sp. 5092
(not illustrated)

Material.- One carapace: OS16779, RVD#5092.

Occurrence.- Sample DJ631.1 from base of Snow Hill Is-
land Formation on the Cross Island Traverse, Snow Hill Is-
land.

Remarks.- Poorly preserved specimen of partially sepa-
rated carapace with a shape reminiscent of Argilloecia.
Indet. sp. 633.29
(not illustrated)

Material.- One carapace: OS16780.

Occurrence.- Sample DJ633.29, 52m above the base of
the Snow Hill Island Formation section in the Second Ice
Gulley, Snow Hill Island.

Remarks.- An internal cast, with only the ventral surface

intact. | suspect this specimen belongs to Majungaella.

Indet. sp. 633.15/22
(not illustrated)



R. V. Dingle. Implications for high latitude gondwanide palacozoogeographical studies of some new Upper Cretaceous marine ostracod faunas from
New Zealand and the Antarctic Peninsula

Figure 5. Palaeogeographical reconstruction of high-latitude Gondwanaland at ~70 My (early Maastrichtian). Based primarily on Lawver et al. (1992),
with details of New Zealand from Hollis (2003), and Sutherland et al. (2001). Abbreviations: CR-CP, Chatham Rise/Campbell Plateau; JRB, James Ross
Basin (James Ross, Snow Hill and Seymour islands); LHR, Lord Howe Rise; P, Pukehou; W, Waipara. Heavy dashed lines are shallow-marine eleva-
tions. Latitudes are 30° apart. Location of Fig. 1 is shown as a black square - James Ross Basin.

Material.- One valve (OS16780) and one carapace
(OS16781).

Occurrence.- Found in the Snow Hill Island Formation se-
quence in the Second Ice Gulley, Snow Hill Island (DJ633)
at 55m (.15) and 95m (.22) above the base thereof.

Remarks.- Two damaged internal casts that are reminis-
cent of the shape of Paracypris.
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Indet. sp. 628.32
(not illustrated)

Material.- One valve: OS16783.

Occurrence.- Sample D)628.32 from Haslam Crag Forma-
tion, 102m above base of section on Haslam Crag, Snow
Hill Island.

Remarks.- Poorly preserved and broken, reticulate speci-
men of RV of unknown affinity
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4. DISCUSSION AND CONCLUSIONS

A total of sixty species was recognised from the Upper
Cretaceous of Antarctica (19) and New Zealand (41). Sev-
eral of the genera had not been identified previously in
New Zealand (e.g. Apateloschizocythere, Rostro-
cytheridea, Majungaella, Ameghinocythere, Parahystrico-
cythere and various trachleberids), allowing comparisons
and new correlations to be made between the Upper Cre-

taceous faunas of Australasia, Antarctica and Patagonia.

I shall review the data area by area, before drawing some
general, Gondwana-wide conclusions.

4.1. New Zealand

Cenomanian and Santonian: Two Cenomanian sites con-
tained ostracods (#9, Coverham; #50, Rewa Stream). The
faunas are sparse (presumably reflecting selective preser-
vation) but their stratigraphical significance is out of pro-
portion to their size.

At Coverham we see the probable earliest representative
of the Gondwanide genus Apateloschizocythere Bate. Pre-
vious records from South Africa, Australia, Egypt and the
Maud Rise off Antarctica range Coniacian to Palaeocene,
but are most abundant in Santonian to Maastrichtian strata
(Bate, 1972; Dingle, 1981; Bassiouni & Luger, 1990; Ma-
joran & Dingle, 2002). During mid-Cretaceous times there
would have been no impediment to communication be-
tween New Zealand (Cenomanian) and southern-most
South Africa (Coniacian: Dingle, 1985) via, for example,
the Antarctic Peninsula and the shallow-water Falkland
Plateau (see Lawver et al., 1992, fig. 7).

A further significant Cenomanian find is the single cara-
pace of Rostrocytheridea? cf. R.2 allaruensis from sample
#50 in Rewa Stream. This record is pene-contemporane-
ous with that of Krommelbein (1975) from the Great Arte-
sian Basin in western Queensland (Albian-Cenomanian),
making these the oldest records from Australasia of a
genus that was already widely distributed in East/South
Africa and Patagonia by late Jurassic/Neocomian time and
western Indian by Albian times.

The sole Santonian ostracod-bearing sample was #75 from
Te Wainohu Point. Although only one valve was obtained,
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this was of the new genus Parahystricocythere, and prob-
ably a species separate from P. ericea sp. nov. from the
Maastrichtian at Waipara. In late Cretaceous time, as at
present, Waipara and Te Wainohu lay ~450 km apart (Hol-
lis 2003). Significantly, P. ericea lived in warm, shallow
conditions, and was absent from the Maastrichtian at
Pukehou, which lies only ~50 km west of Te Wainohu
Point. The suggestion is that in Santonian time, the facies
at Te Wainohu was probably shallow and warm.

Late Maastrichtian: Maastrichtian faunas were recovered

from six localities (Woodside Creek, Waipara, Rewa
Stream, Mangatarata Road, Pukehou and Te Wainohu
Point), but from only two (Waipara and Pukehou) were
these abundant and diverse (Table 3).

The faunas at Waipara and Pukehou were recovered from
just below the Maastrichtian/Danian boundary (Waipara -
0.5-2 m and Pukehou - ~10 m), and they show some
strong contrasts, as well as similarities.

The two Waipara assemblages (samples #33 and #35) are
both trachyleberid-rich (Trachyleberis hornibrooki sp. nov.
and Limburgina postaurora sp. nov.), but can be distin-
guished by having either common Parahystricocythere
ericea (#33) or Majungaella spp. plus Bairdoppilata spp
(#35). Both Pukehou assemblages (#68 and 71), on the
other hand, are dominated by Rostrocytheridea puke-
houensis sp. nov. plus Scepticocythereis cf. S. ornata, but
they can be distinguished from each other by having either
abundant Ameghinocythere eagari sp. nov. (#71) or only
trace numbers of non-Scepticocythereis trachyleberids
and Cytherella sp. 5051 (#68). A further difference be-
tween faunas from the two areas is that while Cytherel-
loidea cf. C. westaustraliensis occurs in both samples at
Waipara, the species is absent from Pukehou.

This distribution suggests that in New Zealand, the pres-
ences of Rostrocytheridea and Majungaella are almost
mutually exclusive: only one uncertain valve of Rostro-
cytheridea? was found at Waipara (#35), and two valves of
Majungaella are known from Pukehou (#71). In contrast,
some species are common to both localities: S. cf. S. or-
nata, Krithe sp. 5056, Bairdoppilata cf. B. austracretacea
and Rayneria? punctata sp. nov. Overall, there is a greater
species diversity at Waipara (17 spp in 401 valves, 1/14)
compared to Pukehou (16 spp in 1283 valves, 1/80).
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Contrasts between the faunas at Waipara and Pukehou
probably reflect different depositional environments (Fig.
5). Both were clay rich, indicating muddy sea-floors, but
the lithofacies at Waipara is sandier and glauconitic, and
in his K/T palaeogeographical reconstructions Hollis
(2003, figs 2 & 5) postulated it lying in a sheltered, south-
facing embayment at the junction of the Chatham Rise
Peninsula and the mainland (i.e. in a proximal position
within the Canterbury Basin). In contrast, Pukehou (~400
km NW) lay off a more exposed, north-facing coast swept
by cold surface currents and in an outer shelf “bathyal
slope” environment relative to the East Coast Basin (Hol-
lis, 2003). This evidence suggests that the dominant taxa
during latest Maastrichtian times at these two sites (Ma-
jungaella spp and Rostrocytheridea pukehouensis) pre-
ferred shallow and warm (Waipara), and deep and cool
habitats (Pukehou), respectively. It also indicates a cool
outer shelf habitat for the genus Ameghinocythere at Puke-
hou.

How do these postulated preferences compare with those
of other, better-known ostracods? In modern seas, Krithe is
wide-spread both on continental shelves and in deep-
ocean basins, but is particularly diverse and relatively
abundant in the latter (e.g. Coles et al., 1994). Dingle et al.
(1990) undertook a case study across the continental mar-
gin off southwestern Africa and found that Krithe occurs
over two depth-zones: 238 - ~1500 m, and 1500->4000
m, in which its relative abundance in relation to the total
ostracod populations peaks at ~ 500-700 m, and >1700
m. These two Krithe assemblages are constrained by two
major water-masses with contrasting properties: the shal-
lower assemblage lies under the Antarctic Intermediate
Water® (AAIW), while the deeper assemblage lies under
the North Atlantic Deep (NADW) and Antarctic Bottom
(AABW) waters*. Each assemblage has its own species-
profile and no species straddles the boundary, which is
the shear zone between the AAIW (5 spp) and the NADW
(7 spp). Significantly, the deeper assemblage is by far the
most important relative to overall ostracod abundances:
>50% vs <20% (mean values across the whole margin for
samples in which the genus occurs). In summary, Krithe is
most diverse and abundant under the NADW and AABW

masses (the upper limit of which is ~1500 m, hereabouts)
(Dingle et al., 1990).

Majoran et al. (1997) suggested that there were also large
ranges in the tolerance of Krithe species during late Cre-
taceous times, at least over the southern oceans, but that
it eschewed high latitude deep-water locations. It is in-
structive to consider its distribution in time, and spatially,
off southern Africa. The genus first appears in the upper
Campanian, and rises sharply in abundance in the middle
Maastrichtian, which event (on other evidence) was
thought to coincide with an increase in continental shelf
water depth (Dingle, 1980). It also occurs in the subtrop-
ical Lower Miocene inner-mid shelf assemblages off
south-western Africa, before the initiation of cool-water
Benguela upwelling (although it is relatively rare - <5%)
(Dingle et al., 2001).

This evidence suggests that while the presence of Krithe,
in both late Cretaceous and modern seas, cannot be taken
as an indicator of cool water, its occurrence in continen-
tal margin facies in relatively large numbers, signifies(d)
at least outer-shelf environments. The occurrence of Krithe
at Pukehou (2-6% of the fauna) is commensurate with an
outer shelf setting, while the low water temperature pos-
tulated by Hollis (2003) might be evidence of the devel-
opment of a retrothermal trait.

Cytherelloidea is generally considered a thermophilic
taxon in modern shallow seas (minimum of 10°C, e.g
Sohn 1962, Zhao & Wang 1988), and in shallow-water
Cretaceous facies this relationship probably also obtained
(e.g. Neale 1984, 1988). However, caution is needed in
applying this template away from the continental shelves,
because Boomer & Whatley (1995) have shown that cer-
tain demes of Cytherelloidea living on north-central Pa-
cific guyots adapted during Palaeocene times to
progressive sinking of the guyots to abyssal depths by
adopting retrothermal tendencies (e.g. their Cytherelloidea
sp. 1). A similar explanation was offered by Majoran et al.
(1997) and Majoran & Widmark (1998) for the occurrence
of C. megaspirocostata in late Maastrichtian sediments
from the Maud Rise, a subsided continental fragment off
Antarctica, where descendants persisted until Eocene

3 mean values: temperature = 6°C, salinity = 34.51%o, dissolved oxygen = 3.7 ml/I

4 mean values: temperature = <3°C, salinity = 34.8%o, dissolved oxygen = >4 ml/|
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times (Majoran & Dingle, 2002, as Cytherelloidea sp.).
However, such cases appear to have been isolated and ge-
ographically specific, as well as relatively short-lived
events, as there is no evidence that Cytherelloidea gener-
ally adopted a retrothermal tendency. This suggests that
all shallow water occurrences of the genus indicate ther-
mophilic habits, and in this regard the presence of
Cytherelloidea is compatible with its restriction to the
Waipara area (where it is relatively common, 2-6%).

Despite their relative abundances close to the K/T bound-
ary, it is probable that both Rostrocytheridea and Majun-
gaella locally became extinct in Australasia over the
Mesozoic/Cenozoic transition (neither species has been
recorded from the Eocene of New Zealand or Australia).
While the former also became extinct worldwide across
the K/T boundary (see Ballent & Whatley 2007), this evi-
dence suggests that the Tertiary Antarctic Majungaella lin-
eages derived from indigenous stock. The warm-water
taxon Parahystricocythere also appears to have become
extinct both locally and regionally across the K/T transi-
tion (suggesting a range of Santonian - Maastrichtian). In
contrast, the cool water population of Ameghinocythere
eagari at Pukehou probably did survive into the lowermost
Tertiary and went on to re-colonise Antarctica and Patag-
onia, despite seeming to have left no descendants in the
local (i.e. Australasian) Palaeogene.

Of the other Maastrichtian faunas from New Zealand,
only those from Woodside Creek and Mangatarata Road
contained more than 20 valves (23 and 24, respectively).
Woodside Creek lies ~150 km northeast of Waipara and
the depositional environment of the Mead Hill Formation
has been judged by Strong (1977, p. 694), on the basis of
the planktonic and benthic foraminifera, to have been
warm-water, upper slope, and subject to coastal upwelling
(Hollis, 2003, p. 313). The facies differences between
Waipara and Woodside Creek probably account for the
contrast between their respective ostracod faunas:
Cytherella is relatively abundant at Woodside Creek (and
rare at Waipara), while neither of the two shallow-water,
thermophilic taxa (Majungaella and Parahystricocythere)
were found at Woodside Creek.

The similarity between the Pukehou and Mangatarata
Road faunas that is worthy of emphasis is the mutual rel-
atively high abundance of Krithe, suggesting deposition at
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the latter site in relatively deep (and possibly cool) water.
This is not surprising as the two localities lie only ~20 km
apart and approximately along strike.

4.2. Late Cretaceous of Australasia

Despite the Maastrichtian localities in New Zealand
being separated by ~5500 km and ~20 my from the San-
tonian-Campanian localities in Western Australia, there
were some strong affinities between their respective fau-
nas. Specifically, both regions contained Majungaella and
Rostrocytheridea, as well as several closely-related tra-
chyleberid species (Scepticocythereis cf. S. ornata,
Cythereis cf. C. brevicosta, Rayneria, Trachyleberis and
Limburgina). In addition, there is the homeomorphic com-
monality of Hystricocythere and Parahystricocythere. This
suggests that there were relatively shallow water connec-
tions between the two areas in late Cretaceous time (Fig.
5), presumably via the Lord Howe Rise (for example, see
the reconstructions in Sutherland et al., 2001).

Comparing the faunas of the two regions in detail, how-
ever, highlights some important differences (although this
exercise is not straightforward, as neither Bate (1972) nor
Neale (1975) provided comprehensive statistical data on
abundances). The Santonian fauna of Western Australia
was species-rich (49 spp) and dominated by an associa-
tion of Cytherella, Cytherelloidea and Paramunseyella
(47% of the total), with species of Rostrocytheridea, Ma-
jungaella, Limburgina and Trachyleberis constituting a fur-
ther 18%. Although this fauna has similarities to that
found at Waipara, it differs principally in possessing Ros-
trocytheridea, and in the fact that the New Zealand fauna
was relatively species poor (only 17 spp).

In contrast, the Campanian in Western Australia, while
also species-rich (40 spp), contains certain taxa that are
found in New Zealand, but not in the underlying Santon-
ian (Krithe, Bairdoppilata), and is similarly devoid of Ros-
trocytheridea (Bate, 1972). This suggests that the
Australian Campanian fauna may be a closer analogue to
the Maastrichtian fauna at Waipara than the local (west
Australian) Santonian, which Neale (1975) concluded was
deposited in a relatively warm (minimum 10°C), clear,
shallow sea (~100 m)).
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The deeper, cooler-water New Zealand Pukehou Rostro-
cytheridea-rich, Cytherelloidea-free fauna, on the other
hand, appears to have no analogue in Australia, implying
that the two specimens of Majungaella sp. 4978 found
therein (sample #71) are the only known retrothermal rep-
resentative of the genus known from Australasia.

This evidence suggests that the quasi-mutually-exclusive
relationship between Majungaella and Rostrocytheridea
in the Maastrichtian of New Zealand, may have been pre-
saged by the Australian Campanian assemblages de-
scribed by Bate (1972), and implies that the last time the
two genera co-existed as significant faunal elements in
Australasia was during Santonian time. Neither taxa are
known to have survived into the Palaeogene in Australia or
New Zealand.

A further important difference between the two regions is
that although there are at least six species of pecto-
cytherids in the Santonian-Campanian of Western Aus-
1972; 1975), the genus
Ameghinocythere in Australasia seems to have been re-
stricted to the Pukehou/Mangatarata Road area of New

tralia (Bate, Neale,

Zealand.

4.3. Late Cretaceous of Patagonia and West
Antarctica

Our knowledge of this region comes from work on the late
Campanian-Middle Maastrichtian of Patagonia by Bertels
(1975, 1977), Rossi de Garcia & Proserpio (1980), Ballent
et al. (1998) and Ballent & Whatley (2007), and by Fauth
et al. (2003) on the Late Campanian Santa Marta Forma-
tion from James Ross Island in the Antarctic Peninsula. The
present paper focuses on the slightly younger Campanian
strata on adjacent Snow Hill Island in the James Ross
Basin archipelago.

The Campanian fauna of James Ross Island is moderately
species-rich (15 spp, in 955 valves, 1/64), and is domi-
nated by Mandelstamia antarctica (49%), with abundant
Rostrocytheridea (22%) and Majungaella (14%) and com-
mon Cytherelloidea (3.5%) (Fauth et al., 2003). In the

Snow Hill Island strata, both Rostrocytheridea and Man-
delstamia continue to be relatively abundant, but
Cytherelloidea is missing and there is only a single, tenta-
tively identified specimen of Majungaella. One significant
presence is the previously unknown taxon Amegh-
inocythere.

By comparison, the late Campanian of Patagonia contains
both Majungaella and rare Rostrocytheridea (Ballent et al.,
1998; Ballent & Whatley, 2007), while in the overlying
middle Maastrichtian, which is characterised by several
species that have affinities with west Africa (for example
Togoina, Veenia (Nigeria), Bertels 1975), small numbers of
Majungaella “australis” (Bertels)> have been recorded, but
Rostrocytheridea is absent (Ballent & Whatley, 2007).

Can we relate these regional faunal fluctuations to envi-
ronmental changes? Evidence for late Cretaceous water
temperatures in this region is equivocal, but the presence
of Cytherelloidea in the late Campanian Santa Marta For-
mation of the James Ross Basin (Fauth et al., 2003) sug-
gests deposition in relatively warm shelf waters, while its
absence in the overlying Snow Hill Island Formation may
indicate that latest Campanian times coincided with
somewhat more distal environments. Also, the sedimento-
logical palaeotemperature proxies for this part of the se-
quence suggest high frequency fluctuations on an overall
warm (but declining) signal (see Dingle & Lavelle, 2000,
fig. 2). If it is the case, then the Snow Hill Island sections
may also record a temperate/cool episode during which
the Rostrocytheridea hamiltonensis populations adapted
to waters cooler than the slightly earlier populations had
experienced during deposition of the James Ross Island
sequences. There is currently no record of ostracods from
Maastrichtian strata in the James Ross Basin.

Ecological evidence is also sparse from Patagonia (~2000
km father north, Fig. 5). Ballent & Whatley’s (2007, p. 123)
assumption that the presence of Rostrocytheridea signi-
fied “warm... normal salinity, shallow-water environ-
ments” is no longer valid (given the cool, deeper water
occurrences at Pukehou), while the shelfal warm-water
indicator Cytherelloidea has not been reported from the
late Cretaceous of Patagonia. This means that we have no

5 Originally described as Tumidoleberis australis sp. nov. by Bertels (1975), creating a subjective homonym of Majungaella australis sp. nov. Rossi
de Garcia & Proserpio (1980) (see Dingle & Majoran, 2001) which Whatley et al. (2005) have referred to M. pseudonymos.
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unequivocal evidence for the thermal preference of the
Campanian species Rostrocytheridea? sp. Ballent & What-
ley (2007) from southern Patagonia, although for the mid-
dle Maastrichtian of northern Patagonia (which does not
contain Rostrocytheridea), Bertels (1975) was able to infer
(from the presence of “scarce” carinate planktonic
foraminifera) that her species Majungaella “australis” (=
pseudonymos) lived in relatively warm (minimum of
17°C) outer shelf (minimum of 150m) conditions.

The fate of the various taxa across the K/T boundary in the
Patagonia-northern Antarctic Peninsula area is unknown
in detail, primarily because no Maastrichtian-Palaeocene
ostracods have been recovered from the James Ross Basin.
In Patagonia, Danian faunas have been described by Ber-
tels (1973), but neither Rostrocytheridea nor Majungaella
occur, and appear to have become extinct in South Amer-
ica. In contrast, the spiral-patterned Cytherelloidea spiro-
costata Bertels (or a very close relative) occurs both in the
Campanian Santa Marta Formation (recorded as C.
megaspirocostata by Fauth el al., 2003), and in Danian of
northern Patagonia (Bertels, 1973).

The situation above the K/T boundary was different farther
south. From the James Ross Basin (Fig. 5), Szczechura
(2001) recorded both Majungaella and Ameghinocythere
in the upper Eocene of Seymour Island (30 m below the
horizon dated at ~34.2 My, Dingle et al., 1998), but Ros-
trocytheridea is absent. This suggests that Majungaella lo-
cally survived the K/T extinctions, but whether or not this
was the case with Ameghinocythere is more difficult to
judge. This is because the Tertiary species of the genus
from Seymour Island are more similar to A. eagari from
the Maastrichtian of Pukehou than to the local A. lutheri
from the Campanian of Snow Hill Island. This evidence, at
face value, suggests that the latter colonised New Zealand
in the ~8 My period before the end of the Maastrichtian,
only for a species very similar to A. eagari to have re-
versely colonised the Antarctica Peninsula sometime dur-
ing the following ~30 My.

Considering palaeoenvironments, the Eocene on Seymour
Island is a pre-glacial sequence, but sedimentological and
geochemical indicators suggest that the terrestrial climate
was relatively cold, and marine conditions cool (Dingle
et al., 1998). This implies that by late Eocene time in the
northern Antarctic Peninsula, Majungaella had adapted to
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significantly cooler conditions than had prevailed during
deposition of the Late Campanian Santa Marta Formation
on James Ross Island and the latest Maastrichtian Upper
Laidmore Formation at Waipara (see relative positions in
Fig. 5).

4.4. Summary of conclusions on ostracod
distributions in southern Gondwanaland

Several palaeozoogeographical conclusions can be drawn
from the present study, some of which are summarised in
Figure 6.

1. The first appearance of the genus Apateloschizocythere
Bate can probably be extended to New Zealand, while its
later evolution took place in at least five Gondwanide lo-
cations. After its appearance in the Cenomanian of New
Zealand (A.? colleni, sp. nov., this paper) it appeared and
persisted until Santonian-Campanian time in Western Aus-
tralia (A. geniculata Bate). It also occurs in the Coniacian
of southern Africa (A. cf. A. mclachlani Dingle) and per-
sisted until late Maastrichtian time (A. laminata Dingle). It
also spread to deep-water on the edge of Antarctica (Maud
Rise) (A. sp. Majoran & Widmark) where it persisted in
Campanian to Palaeocene sediments (Majoran & Dingle,
2002). The genus is also known from mid-Maastrichtian
strata in southern Egypt (Bassiouni & Luger 1990).

2. A genus para-homeomorphic to Bate’s (1975) Hystric-
ocythere appeared in New Zealand in Santonian times:
Parahystricocythere evolved a modified hinge to produce
an otherwise almost identical taxonomic group. Hystric-
ocythere is first known from the Albian-Cenomanian of
western Queensland (Krommelbein 1975) and it ranged
into the Campanian of Western Australia (Bate 1975).
While communication between these regions of eastern
Gondwanaland in early Upper Cretaceous time is not
problematical, the issue of provenance for the two home-
omorphs is not straightforward.

Ballent (1998, p.372) has recorded a species (Hystrico-
cythere? sp.) that probably belongs to one of these two
genera, from Albian sediments in the Austral Basin of
Patagonia. Unfortunately all five of her specimens were
carapaces and no new records have been made (Ballent,
pers. comm., 2008), so we remain in doubt as to whether
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Figure 6. Temporal and spatial distribution of species of Cytherelloidea, Majungaella and Rostrocytheridea in Gondwanaland. Thermal preferences are
indicated by shading, showing the date and locality of the acquisition of retrothermal tendencies, and extinctions, for Majungaella and Rostrocytheridea.
The development of retrothermalism on sinking isolated oceanic features refers to central Pacific guyots (Boomer & Whatley, 1995) and the Maud Rise
(Majoran & Widmark, 1998). Other data are based on numerous sources cited in the text, as well as the present study.
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this species could be the nominal ancestor of the morpho-
plexus that originated the entomodont (Parahystrico-
cythere) or hemimerodont (Hystricocythere) hinge.

3. Rostrocytheridea. Prior to the present study, the three
records of this genus in Australasia were from Australian
localities. R. allaruensis Krommelbein (1975) occurs in the
Albian-Cenomanian Allaru Mudstone [which was de-
posited in a wide, warm, shallow epi-continental, interior
sea in western Queensland e.g. Ludbrook (1978, fig. 8, p.
237)], while R. canaliculata Bate (1972) and R. westaus-
traliensis (Chapman) occur in the Santonian of Western
Australia [the latter lived in relatively warm, shallow
water: Neale (1975, p. 76)]. These occurrences conformed
to the previous perception of Rostrocytheridea as a warm-
water taxon (e.g. Ballent & Whatley, 2007).

The abundance of R. pukehouensis from the Maastrichtian
at Pukehou shows that by the end of Cretaceous times the
genus had developed a retrothermal disposition, prior to
its probable local extinction. The fact that the genus is rep-
resented by only a dubious single valve in the warm Maas-
trichtian habitat at Waipara suggests that this was not
merely a response to the outer-shelf/upper slope setting at
Pukehou.

It is intriguing to speculate on the date that a retrothermal
habitat was acquired in New Zealand, and although the
evidence is tenuous, | suggest that it post-dated Cenoman-
ian time. This is because the solitary record of R. cf. R. al-
laruensis? in Cenomanian sample #50 at Rewa Stream is
at a locality that, 30 My later, was still probably under
warm water (Maastrichtian sample #48 contains Sceptic-
ocythereis? sp. 5044, which occurs elsewhere only in
warm water facies at site #35). Johnston (1980, p.17) de-
duced that the Springhill Formation at Rewa Stream was
deposited on the continental shelf, from which he identi-
fied at least six species of Ngataran Stage Inoceramus. The
New Zealand Maastrichtian Pukehou occurrences are the
youngest record of Rostrocytheridea.

Elsewhere, while Rostrocytheridea became extinct in
Patagonia before Maastrichtian time (see Ballent & What-
ley, 2007), it persisted in the James Ross Basin archipelago
at least until deposition of the Late Campanian Snow Hill
Island Formation (on Snow Hill Island - this paper).
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4. Majungaella colonised much (if not all) of the Antarctic
coastline during the Tertiary (e.g. Dingle & Majoran, 2001;
Whatley et al., 2005). It had adapted to the cool (pre-gla-
cial) environments in the James Ross Basin by the end of
Eocene time (Szczechura, 2001), and full-blown glacial
waters by Oligocene time (Ross Sea: Dingle & Majoran,
2001). The earliest evidence of such retrothermal tenden-
cies in the genus is M. sp. 4978 which occurs sparsely in
the cool, late Maastrichtian outer shelf environment at
Pukehou (this paper).

5. The presence of Krithe at Pukehou, which Hollis (1993)
concluded was a relatively cool water locality, may be ev-
idence of further retrothermalism (leading to deep-water
habitation), in this case for an extant taxon that has had a
long history of habitation on relatively warm continental
shelves.

6. New data allow me to comment on one of the charac-
teristic Cretaceous ostracod associations of Gondwana-
land - the Majungaella/Rostrocytheridea/Cytherelloidea
trio. Figure 6 summarises the history of this relationship
over a period of ~70 My.

As pointed out above, shelfal species of Cytherelloidea
predicate warm, shallow, marine waters, which suggests
that both Majungaella and Rostrocytheridea favoured sim-
ilar conditions when associated with it. Majungaella and
Cytherelloidea are first recorded together in the late Juras-
sic subtropical proto-Indian Ocean gulf off East Africa (e.g.
Bate 1975) and are joined by Rostrocytheridea in latest
Jurassic-early Cretaceous time in southern Africa (e.g. Din-
gle, 1969) and the Neuquén Basin of Argentina (e.g.
Musacchio, 1979). In southern Africa, the trio did not per-
sist much beyond the Hauterivian, with Rostrocytheridea
dying out by the mid-Cretaceous and Majungaella prior to
the Campanian. Evidence for the trio’s co-existence in
similar habitats after Neocomian time in Argentina is
equivocal, although all three taxa survived (separately) in
the region until at least the Campanian (Ballent et al.,
1998; Ballent & Whatley, 2007).

Elsewhere in Gondwanaland, evidence for the tripartite
relationship is more widespread: Majungaella/Rostro-
cytheridea/Cytherelloidea occur together in Albian to
Cenomanian beds in the Kutch area of India (Andreu et
al., 2007), the Santonian of Western Australia (Bate, 1972;
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Neale, 1975) and in the late Campanian Santa Marta For-
mation of James Ross Island (Fauth e/ al., 2003). The latter
was probably the last occasion on which they shared the
same habitat, because Cytherelloidea is missing from the
younger Campanian Snow Hill Island Formation on Snow
Hill Island, while Rostrocytheridea is missing from the
Campanian in Western Australia. In the former example,
| suspect that the water temperatures may have dropped
and only Rostrocytheridea could adapt, while in Australia
this taxon became extinct.

Within the uppermost part of the Mesozoic succession at
Waipara (within ~50 cm of the K/T) there are abundant
Cytherelloidea and Majungaella, but | found only one un-
certain coexisting representative of Rostrocytheridea. Four
hundred kilometres away, in the deeper cool waters at
Pukehou, Cytherelloidea was absent, and dominant Ros-
trocytheridea coexisted with the earliest known, but very
rare, retrothermal species of Majungaella (M. sp. 4978).

In summary. There is no evidence to suggest that Cytherel-
loidea acquired a general retrothermal tendency (in con-
trast to relatively short-lived retrothermal endemism
induced by isolated, sinking of oceanic structures - Fig. 6
- see discussion above), while latest Campanian demes of
Rostrocytheridea hamiltonensis may have occupied cool
habitats in the Antarctic Peninsula (Snow Hill Island For-
mation) and certainly R. pukehouensis inhabited such
upper Maastrichtian niches in New Zealand. While
species of Majungaella (sp. 4978) had developed a
retrothermal disposition at least by the latest Maastrichtian
time (at Pukehou), the tendency may have developed by
mid-Upper Cretaceous times in M. sp. K9A3 which Din-
gle (1996) recorded (but unfortunately did not illustrate) in
Albian-Santonian continental slope (and presumably cool
water) sediments from off southern Namibia. (See McMil-
lan 1990 for a discussion of the K9A3 environment). By
Eocene time, only retrothermal Antarctic species of Ma-
jungaella were extant (Fig. 6).

6. The earliest known species of Ameghinocythere (A.
lutheri sp. nov.) is from the late Campanian Snow Hill Is-
land Formation, but this is less similar to Palaeogene-Re-
cent South American species of the genus than A. eagari
sp. nov. from the latest Maastrichtian, cool waters of Puke-
hou. The latter is very close to ?A. cf. Cytheromorpha? flex-
uosa Bertels (Szczechura, 2001) which lived in the cool
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late Eocene sea of Seymour Island in the James Ross Basin.
There are similar species in the late Oligocene and early
Miocene glacio-marine sediments of the Ross Sea area
(Dingle, 2000; Dingle & Majoran, 2001), and contempo-
raneously in Patagonia (see Echevarria, 1991, who
recorded it as Cytheromorpha? sp.).

4.5. Age of the Hobb’s Glacier Formation,
James Ross Island

The type outcrop of this formation at Rabot Point (Pirrie et
al., 1997b) has been dated using strontium isotopes as
Miocene (9.9 Ma; Dingle & Lavelle, 1998b). The ostracod
fauna described herein from an outcrop (DJ677.3) of the
supposed formation at Hamilton Point (Pirrie, 1995) is
clearly of late Cretaceous age. Hence, either the two se-
quences are not coeval, or the latter is from a clast of Cre-
taceous clay incorporated within the Miocene glacial
horizon.
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Resumen

Se describen e ilustran los foraminiferos y algas del Pérmico Superior (Changhsingense) de la seccion de Zal en el noroeste
de Irdn. La asociacién se encuentra compuesta por las algas Permocalculus y Cymnocodium, asociadas a pequenos foraminiferos Fu-
sulinata Biseriamminoidea, Palaeotextularioidea, Miliolata Cornuspiroidea y Nodosariata, y proceden de calizas rojas nodulares de
tipo Ammonitico-Rosso. Los Fusulinida Nankinella, Reichelina y Codonofusiella se encuentran en la base, mientras que los Gltimos
niveles del Pérmico contienen abundantes Neoendothyra reicheli, cuyo tipo de depsito es discutido en el presente trabajo, asi como
la presencia de las calizas rojas nodulares en el Paleozoico.

Palabras clave: Foraminiferos, Pérmico Superior, Triasico Inferior, Bioestratigrafia, Tafonomia, Iran.

Abstract

The foraminifera and algae of the Zal section in NW Iran and from the Changhsingian Ali Bashi Formation (Late Permian) are
listed and illustrated. They are composed by Permocalculus and Gymnocodium algae, Codonofusiella, Reichelina and Nankinella,
Fusulinida and Cornuspiroidea, Nodosariata, Biseriamminodea and Palaeotextularioidea. They are included in red nodular limestones
of Ammonitico Rosso type. The highest Permian beds contain an assemblage of Neoendothyra reicheli, whose type of deposit is dis-
cussed as an example of the problematic presence of foraminifera in red nodular limestones during the Palaeozoic. These populations
may have been transpoted by buoyancy (as Neoendothyra) but appear also in place in the Devonian-Tournaisian examples of griotte
nodular limestones in southern France including the taxa EFotournayella, Eoeptotournayella or Globivavulina?

Keywords: Foraminifera, Late Permian, Early Triassic, Biostratigraphy, Taphonomy, Iran.

1. INTRODUCTION These sections are among the best sections in the world,
which extend over a distance of more than 1400 km from
Important P/T boundary sections are located in Iran, for the Julfa area in the northwest to the Hambast Range in

example in NW, NE and Central Iran and in the Alborz re- Central Iran. The Iranian sections provide good examples
gion (all belonging to the Iranian Plate), and in the Zagros

f tudyi the P/T-Extincti th th
fold belt (belonging to the Arabian Plate). of sTUCYIng The THmHAInciion event becatlse They are

probably the only pelagic sections in the world without

There are almost continuous sedimentary marine se- an anoxia event at the P/T boundary. Late Permian
quences across the Permian-Triassic boundary in Iran. foraminiferal assemblages from the Hambast region of
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Central Iran and their extinction have recently been de-
scribed by Mohtat-Aghai and Vachard (2005). Isotope
studies across the P/T-boundary at Shahreza, Central Iran,
and Zal and Julfa, northwest Iran, are presented by Korte
et al. (2004a) and Kozur (2004), in Shareza by Korte et al.
(2004b), and in Julfa by Korte et al. (2004c) and Korte and
Kozur (2005). Kozur (2007) discussed the biostratigraphy
and event stratigraphy in Iran around the Permian-Triassic
Boundary.

In this paper, the marine limestones of latest middle Per-
mian to late Permian age and of the Permian-Triassic
boundary of Northwest Iran (Julfa/Zal range) were studied
with respect to microfacies, palaeogeography and bios-
tratigraphy. More than 100 samples were collected for thin
section preparation from the Zal section, and 45 samples
from the Julfa area.

Foraminifera are one of the most important index micro-
fossils due to their worldwide distribution and accurate

stratigraphic ranges. They are in particular, an excellent
tool for testing biological crises. Foraminifera have been
utilized for the K/T crisis, but can also be of interest for
the P/T crisis. This remarkable event is the largest of the
five major extinctions, and referred to by Erwin (1993) as
“the mother of mass extinctions”. According to Sepkoski
(1989, 1990, 1992) perhaps as many as 90% of all the
species from the late Permian disappeared during the P/T
crisis. Post-extinction recovery of plant and marine
ecosystems was slow, occurring over 4-5 million years
(e.g. Looy et al., 1999; Erwin, 2001). Paradoxically, in the
Zal section, the environment, although unfavourable for
foraminifera (deep-sea nodular limestones) shows a rapid
increase of the genus Neoendothyra just below the PTB.
The aim of this paper is to emphasize this phenomenon,
to try to find some explanations for this increase, and pro-
vide some conclusions about the relation between the
deep nodular limestone and the foraminifera during the
Late Palaeozoic.

Figure 1. Maps showing locations of important P/T boundary sections in Iran (A) and the studied sections Julfa (Ali Bashi) and Zal in the Julfa area, NW

Iran (B).
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2. GEOLOGICAL SETTING

Iran essentially comprises eight different geological
provinces. Most important for the Permian palaeobiogeog-
raphy and biostratigraphy is the Sanandaj-Sirjan thrust belt
located in the northwestern part of Iran, where the Julfa
and Zal sections are located. Permian/Triassic Boundary
sections are known from Julfa (NW Iran) and
Abadeh/Shahreza (Central Iran) (e.g. Partoazar, 1995). The
Permian-Triassic boundary beds are well known from the
Julfa area (NW Iran) and have been described by several
authors (Ruzhentsev and Sarytcheva, 1965; Stepanov et
al., 1969; Teichert et al., 1973; Altiner et al., 1979; Par-
toazar, 1995, 2002). Whereas the Ali Bashi section is par-
ticularly well studied the Zal section is less well studied
(Korte et al., 2004a, Kozur, 2007).

The Julfa and Zal sections belong to the Sanandaj-Sirjan
belt, a geological province which extends from the Per-
sian Gulf to Northwest Iran. This belt is interpreted as part
of the Tethyan microcontinent (terrane), which was ob-
ducted from the African-Arabian plate during the Permian.
This belt was formed by the coalescence of several blocks
or microplates and was located near to the Equator during
Late Permian and Early Triassic time (e.g. Scotese and
Langford, 1995).

According to the most classical geodynamic hypothesis,
the architecture of the Sanandaj Sirjan basin during the
Late Permian was controlled by the opening of the
Neotethys from Australia to the east Mediterranean area
(e.g. Sharland et al., 2001). This opening corresponds to
the drifting of the Cimmerian superterrane and the final
closing of Palaeotethys northward in the Middle Triassic
time.

We studied samples from the Julfa and Zal sections which
are located in a NW-SE trending range about 160 km
North of Tabriz, in the province of East Azerbaijan (Fig. 1,
2). The very fossiliferous Julfa section Kuh-e-Ali Bashi is
located about 10 km west of the town of Julfa in north-
west Iran. The Zal section is located 22 km SSW of the
town of Julfa and 4 km NE of the village Pireshagh
(38°44°S and 45° 35" E) (Fig. 1). Partoazar (1995) distin-
guished four lithologic units (units A-D) and 10 subunits in
the Permian and four units (units E-H) in the early Triassic.
In this paper only the subunits 8-10 in the Permian and
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the lower part of unit (E) in the Early Triassic are studied
(Fig. 2). The Upper Permian - Lower Triassic successions of
Julfa and Zal are very similar and consist of the (1) Julfa
Formation (units A-B of Partoazar, 1995) composed of grey
limestones Midian/Dzhulfian
Capitanian/Wuchapingian) age, (2) Ali Bashi Formation
(units C-D of Partoazar, 1995) composed of reddish nodu-

of late (i.e.

lar ammonoid-bearing (Paratirolites) limestones of Do-
rashamian/Changhsingian age and (3) Elika Formation
(unit E of Partoazar, 1995) characterized by grey, thin bed-
ded limestones of Early Triassic age. These Formations are
subdivided into lithostratigraphical units with different
micro- and macrofossil assemblages comprising
foraminifera, conodonts, fish plates, calcareous algae, os-
tracods, brachiopods, crinoids, gastropods, rugose corals,

nautiloids and ammonoids.

3. LITHOLOGY
3.1. Julfa Formation (Unit B, Subunit 8)

In the Zal section the upper 36 m of the Julfa Formation
are composed of thin bedded dark grey to black micritic
fossiliferous limestone containing ammonoids, bra-
chiopods, bryozoans, corals, crinoids and mollusk shells.
These limestones are even bedded in the lower part and
form limestone horizons up to 2 m thick. In the upper part
thin (mostly 10-20 cm) wavy to nodular micritic limestone
beds are intercalated in dark grey to grey and brown marly
shales and marls. The marly shale and marl intercalations
are up to 2 m thick. Limestones are composed of bioclas-
tic mudstones and wackestones. Three fossils assemblage
zones have been distinguished by Partoazar (1995), the
lower two coinciding with the lower Julfa Beds and the
third with the upper Julfa Beds:

a) Araxilevis-Orthotetina Zone (corresponding to the Arax-
ilevis beds of the type-Dzhulfian),

b) Pseudogastrioceras - Permophricodothyris Zone (corre-
sponding to the Araxoceras-Oldhamina beds of the type-
Dzhulfian), and

c) Haydenella-Pseudowellerella Zone (corresponding to
the Vedioceras Haydenella beds of the type-Dzhulfian).
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Figure 2. Measured stratigraphic section of the upper Permian to lower
Triassic succession at Zal with distribution of important fossils and bio-
zonation. The Zal section is located 4 km NE of the village Pireshagh
(22 km S of Julfa), S 38°44” E 45° 35 (NW Iran). See also Fig. 1 for loca-

tion.
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The upper 10 m the Julfa Formation (unit 3) consist of grey
and reddish-grey marls, shales and micritic limestones
(mud- and wackestone) which can be correlated with the
late Dzhulfian Vedioceras Beds. The limestones are stron-
gly bioturbated and nodular. The fossil assemblage inclu-
des abundant brachiopods, crinoids, bryozoans, colonial
rugose corals, gastropods, ammonoids and nautiloids. The
microfauna is represented by foraminifera, ostracods and
conodonts. The fauna indicates a late Dzhulfian (Wuchia-
pingian) age. The uppermost part of the Julfa Formation is
marked by a 4 m thick cliff-forming succession of reddish-
grey marls und nodular marly limestones grading upwards
into reddish-grey nodular micritic limestones with trans-
ported corals.

The depositional environment of the Julfa Formation is in-
terpreted as shallow to middle shelf with maximum water
depths of less than 100 m.

3.2. Ali Bashi Formation (Units C-D, Subunits
9-10)

We draw the boundary between the Julfa and Ali Bashi
Formation at the base of the first red coloured marl and
marly shale as this boundary is easy to recognize in the
field. The Ali Bashi Formation at Zal measures 26 m. The
lower few meters consists of ledge-forming, red and grey
marly limestone with thin marl intercalations. The lime-
stones contain fossils including crinoids, corals and bra-
chiopods. Above follows a succession of red, black, grey,
green and brown coloured marly shale and marl with in-
tercalated thin, nodular marly limestone and micritic lime-
stone beds. The uppermost part is composed of
approximately 2 m of dominantly red, subordinately grey,
nodular, thin bedded micritic limestone and thin marl in-
tercalations overlain by 3 m of wavy bedded red micritic
limestones containing crinoids and ammonoids (“Paratiro-
lites limestone”) forming a prominent ledge. The lime-
stones of the Ali Bashi Formation contain mainly
conodonts, ostracods, fish remains and ammonoids and
are poor in foraminifera. The fauna indicates a Do-
rashamian (Changhsingian) age. The Ali Bashi Formation
is assumed to represent deposits of a deeper shelf envi-
ronment. The depositional environment of the Ali Bashi
Formation was a deeper well oxygenated shelf, probably

201

below the storm wave base. In the upper part (Paratirolites
Beds) the sedimentation rate was much lower than in the
Julfa Formation probably because of a greater distance to
the shoreline and reduced input of siliciclastic sediment.

3.3. Elika Formation (Unit E)

The red nodular Paratirolites limestone of the uppermost
Ali Bashi Formation is overlain by approximately 0,5 m of
reddish-brown shales (“boundary clay”) representing the
Permian/Triassic boundary. The boundary clay is overlain
by a 1,4 m thick unit of reddish-grey, thin- to very thin-
bedded micritic limestones with mass accumulations of
Claraia, microgastropods and ostracods followed by a 9,5
m thick unit of almost unfossiliferous planar bedded mi-
critic limestones with horizons containing intraclasts and
oncoid-like grains.

According to the litho- and biofacies characteristics such
as intraformational erosion and reworking, filamentous
algal fabrics and mass accumulations of bivalves on bed-
ding planes, the lower Elika Formation accumulated in an
open marine environment above the storm wave base and
within the photic zone. The uppermost part of the Boun-
dary Clay probably accumulated at relatively shallow
water depths of a few tens of meters.

The occurrence of true stromatolites at Shahreza and
Abadeh indicates deposition in a shallow shelf environ-
ment.

4. ZAL MICROPALAEONTOLOGY

The series in Zal displays: Permocalculus spp. (P. cf.
solidus (Pia, 1937); P. cf. fragilis (Pia, 1937); P. cf. digitatus
Elliott, 1955) (PI. 1, figs. 1-3); Gymnocodium bellerophon-
tis (Rothpletz, 1894) Pia, 1937 (PI. 1, fig. 4); coprolites (PI.
1, figs. 5-6); Nankinella sp. (Pl. 1, fig. 7); Codonofusiella
kwangsiana Sheng, 1963 (PI. 1 figs. 8-10); Reichelina pul-
chra K.V. Miklukho-Maklay, 1954 (Pl. 1, fig. 11);
Pseudovermiporella ex gr. nipponica (Endo in Endo and
Kanuma, 1954) (Pl. 1, fig. 12); Glomomidiella sp. (PI. 1,
fig. 16); Crassiglomella sp. (Pl. 1, figs. 13-15, PI. 2, fig. 1);
Hoyenella sp. (Pl. 2, fig. 2); Brunsispirella aff. linae
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(Vachard and Gaillot in Vachard et al., 2005) (PI. 2, fig.
3); Louisettita elegantissima Altiner and Bronnimann,
1980 (PI. 2, fig. 10); Climacammina sp. (Pl. 2, figs. 14-15);
Pseudolangella sp. (Pl. 2, fig. 16); Protonodosaria sp. (PI.
2, fig. 20); Nodosinelloides sp. (Pl. 2, fig. 22); Pachy-
phloia schwageri Sellier de Civrieux and Dessauvagie,
1965 (Pl. 2, fig. 17); Geinitzina sp. (Pl. 2, fig. 21, 23);
Neogeinitzina sp. (Pl. 2, fig. 18); Polarisella ex gr.
elabugae (Cherdyntsev, 1914) (Pl. 2, fig. 19); Langella ?
sp. (Pl. 2, fig. 24); Frondina permica Sellier de Civrieux
and Dessauvagie, 1965 (Pl. 2, figs. 25-26); Frondina ? sp.
(PL. 2, fig. 27); Robuloides sp. (Pl. 2, fig. 28). The last Per-
mian limestone bed is particularly interesting because it
contains relatively numerous Neoendothyra reicheli Re-
itlinger, 1965 (PI. 2, figs 4-13). This microfauna is bios-
tratigraphically poorly significant and indicates only the
Late Permian (Wuchiapingian and Changhsingian) (Gail-
lot and Vachard, 2007). The main markers are the genera
Crassiglomella Gaillot and Vachard, 2007; Brunsispirella
Gaillot and Vachard, 2007 and Louisettita Altiner and
Bronnimann, 1980. As these latter taxa were largely de-
scribed in Gaillot and Vachard (2007), here we describe
only the taxon Neoendothyra.

5. SYSTEMATIC PALEONTOLOGY

Superfamily ENDOTHYROIDEA Brady, 1884
nomen translat. Glaessner, 1945 (ex family)
Family ENDOTHYRIDAE Brady, 1884
nomen correct. Rhumbler, 1895 (pro family
Endothyrina)

Subfamily NEOENDOTHYRINAE Reitlinger
in Rauzer-Chernousova et al., 1996

Neoendothyra Reitlinger, 1965
Type species.- Neoendothyra reicheli Reitlinger, 1965.

Synonyms.- Robuloides sensu Loeblich and Tappan
(1987) (pars); Multidiscus sensu Gu et al., 2002 (pars:
only pl. 1, fig. 17).

Diagnosis.- Test lenticular, endothyroid, with carinate
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periphery. Lateral and basal supplementary deposits well
developed. Wall calcareous microgranular. Aperture ter-
minal, basal, simple.

Description.- Endothyroid coiling, i.e. with constant devi-
ation of axis from approximately 30 to 60°. Carinate pe-
riphery (main difference with Endothyra). Chambers
semi-hemispherical. 3-4 whorls of volution. 8-10 cham-
bers at the last whorls. Secondary deposits are crusts on
the floor of chamber and lateral deposits are present. Rare
spines in the last chambers. Wall brownish, microgranu-
lar.

Discussion.- The wall is not really black as in Endothyra,
so Rauzer-Chernousova et al., 1996 classified this genus in
the Endothyranopsinae and not in the Endothyrinae.
Groups of species were defined by Vachard and Ferriere
(1991). Evolute species are part of Linendothyra Mamet
and Pinard,

dothyranella Nestell and Nestell, 2006. The synonymy

1992 and uncoiled ones of Neoen-

with Robuloides, proposed by Loeblich and Tappan (1987)
is erroneous (Gaillot, 2006; Gaillot and Vachard, 2007).
The Triassic species of Neoendothyra belong generally to
Endoteba ex gr. badouxi (see Vachard et al., 1994).

Occurrence.- The Late Carboniferous-Early Permian spec-
imens of Canadian Artic (Pinard and Mamet, 1998) are
transitional forms with endothyrids, also observed in the
Early Permian of China and the Carnic Alps (Lin, 1985;
Vachard and Krainer, 2001). The FAD (first appearance
datum) of the typical forms is late Chihsian (= Kubergan-
dian/Roadian) in age, in South China (Lin et al., 1990).
The acme is late Midian in Sumatra, Transcaucasia, Mon-
tenegro, Turkey, central Alborz (Iran), Oman, Afghanistan,
Cambodia, Thailand, Malaya, south China, Texas, Mexico,
Guatemala, and perhaps Bolivia. LAD in the Late Permian
in South China (Lin et al., 1990), Thailand, Malaysia, Pri-
morye and Japan. Up to the PTB (Permian/Triassic Bound-
ary) in Iran.

Neoendothyra reicheli Reitlinger, 1965
(PI. 2, Figs. 4-13)

1965 Neoendothyra reicheli n. sp. Reitlinger, p.
61-62, pl. 1, figs. 6-9.
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Plate 1

Plate 1. 1-3, Permocalculus spp. (P. cf. solidus (Pia, 1937), x 30; P. cf. fragilis (Pia, 1937), x 20; P. cf. digitatus Elliott, 1955, x 30). 4, Gymnocodium
bellerophontis (Rothpletz, 1894) Pia, 1937, x 28. 5-6, coprolites, both, x 36. 7, Nankinella sp., subaxial section, x 37. 8-10, Codonofusiella kwang-
siana Sheng, 1963; 8, x 5; 9, x 12; 10, x 18. 11, Reichelina pulchra K.V. Miklukho-Maklay, 1954, x 20. 12, Pseudovermiporella ex gr. nipponica (Endo

in Endo and Kanuma, 1954), x 22. 13-15, Crassiglomella sp. 13, x 75; 14-15, x 50. 16, Glomomidiella sp. x 90.
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Neoendothyra reicheli Reitlinger -
Bozorgnia, p. 93-94, pl. 38, figs. 2, 4-9, pl.
39, figs. 3-4.

Neoendothyra reicheli Reitlinger - Nguyen
Duc Tien, p. 108-109, pl. 8, figs. 15-17 (with
4 references in synonymy).

Neoendothyra reicheli Reitlinger - Jenny-
Deshusses, p. 136, pl. 1, figs. 8-9 (with 6 re
ferences in synonymy).

Neoendothyra reicheli Reitlinger - Salaj et
al., p. 90, pl. 39, fig. 3 (= Endoteba ex gr.
badouxi).

Neoendothyra reicheli Reitlinger - Altiner, p.
262-264, pl. 2, figs. 21-22.

Neoendothyra reicheli Reitlinger - Kobay
ashi, p. 140, pl. 3, figs. 4-5, 10.
Neoendothyra aff. compressa Sosnina - Vuks
and Chediya, pl. 9, fig. 4.

Neoendothyra reicheli Reitlinger - Nguyen
Duc Tien, pl. 4, fig. 3.

Neoendothyra reicheli Reitlinger - Loeblich
and Tappan, pl. 437, figs. 1-4 (non syn-
onymy with Robuloides, non fig. 5 = Endo-
teba ex gr. badouxi).

Neoendothyra reicheli Reitlinger - Kobay-
ashi, pl. 1, fig. 16.

Neoendothyra ex gr. reicheli Reitlinger -
Vachard and Ferriere, p. 210, pl. 2, figs. 1, 3
(non pl. 1, figs. 7-8, two other species) (with
18 references in synonymy).

Neoendothyra reicheli Reitlinger - Ueno,
fig. 9. 23.

Neoendothyra reicheli Reitlinger - Partoazar,
pl. (1)5, fig. 1, pl. (2)4, fig. 32, pl. (3)2, fig. 6.
Neoendothyra reicheli Reitlinger - Leven and
Okay, pl. 9, figs. 32-34.

Neoendothyra reicheli Reitlinger - Rauzer-
Chernousova et al., p. 46, pl. 12, figs. 1-2.
Neoendothyra reicheli Reitlinger - Pinard
and Mamet, p. 108-109, pl. 35, fig. 13 (with
11 references in synonymy) (either a species
of the group N. parva, or another genus).
Neoendothyra reicheli Reitlinger - Vachard
etal., pl. 1, figs. 3-6 (the wall seems to be-
come agglutinating).
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v. 2002 Neoendothyra reicheli Reitlinger - Fontaine
etal., pl. 11, figs. A-D.

v 2005 Neoendothyra reicheli Reitlinger - Mohtat
Aghai and Vachard, pl. 1, figs. 9-12.

v 2006 Neoendothyra reicheli Reitlinger - Gaillot, p.
40-41, pl. 1.36, fig. 32, pl. .43, figs. 52, 62,
pl. 1113, fig. 8

Dimensions.- Diameter = 0.300-0.450 mm, width =

0.145-190 mm, ratio w/D = 0.40-0.53, number of whorls:

3, wall thickness = 0.015-0.020 mm .

Occurrence.- Late Midian of Transcaucasia, Alborz, Cam-
bodia, Afghanistan, Turkey and Zagros (Iran). Wuchiapin-
gian-Changhsingian of Iran.

6. THE DEEP-WATER RED NODULAR
LIMESTONES

Red nodular limestones (griottes, Ammonitico Rosso) are
relatively abundant from the Cambrian to the Jurassic. Ac-
cording to Cecca et al. (1992), the Ammonitico Rosso fa-
cies seems to disappear in the earliest Cretaceous (late
Berriasian). Nevertheless, recent examples were men-
tioned from the Red Sea (Egypt), the lonan Sea (Greece),
and the Bahamas and Florida Straits (e.g. Cecca et al.,
1992). These limestones are interpreted as red pelagic
condensed nodular limestones which clearly indicate a
dramatic fall in the rate of CaCO, sedimentation as em-
phasized by the presence of hard grounds encrusted by
ferromanganese nodules as well as stromatolithic over-
growths. (Cecca et al., 1992; Fliigel, 2004). During the
Palaeozoic, they are rich in goniatites, orthoceratids, trilo-
bites, bacterial stromatolites, radiolaria, pelagic ostracods,
Globochaetete,
foraminifera are present in these limestones. The problem

problematical algae etc. Some

Plate 2. 1, Crassiglomella sp., x 70. 2, Hoyenella sp., x 40. 3, Brunsispi-
rella aff. linae (Vachard and Gaillot in Vachard et al., 2005), x 90. 4-13.
Neoendothyra reicheli Reitlinger, 1965; 4-6, x 80; 7-8, x 120; 9, x 90; 10,
x 50; 11, x 80; 12, x 75; 13, x 90; 10, Louisettita elegantissima Altiner
and Brénnimann, 1980, x 50. 14-15, Climacammina sp. 14, x 115; 15,
x 90. 16, Pseudolangella sp., x 95. 17, Pachyphloia schwageri Sellier de
Civrieux and Dessauvagie, 1965, x 140. 18, Neogeinitzina sp., x 90. 19,
Polarisella ex gr. elabugae (Cherdyntsev, 1914) x 210. 20, Protonodosa-
ria sp., x 120. 21, 23, Ceinitzina sp., both x 50. 22, Nodosinelloides sp.
x 60. 24, Langella? sp. x 70. 25-26, Frondina permica Sellier de Civrieux
& Dessauvagie, 1965, both x 70. 27, Frondina? sp., x 150. 28, Robuloi-
des sp., x 120.
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to discuss is to know if these foraminifera are adapted to
a strong palaeobathymetry or transported by buoyancy
and deposited in deep-water sedimentary environments.
The Cambrian examples are developed in the Barrios de
Luna Fm. in northern Spain and fausses-griottes of south-
ern France (e.g., Alvaro, 2002). The Devonian and Viséan
series of Montagne Noire and French Pyrenees (southern
France) and Cantabrian Mountains and Spanish Pyrenees
are accurately studied (e.g. Vachard, 1973, 1974; Perret
et al., 1994; Nemirovska, 2005; Randon, 2006). The Am-
monitico Rosso facies developed essentially during the
rifting of the continental margins preceding the opening of
oceans, especially in the Mesozoic Tethys (Cecca et al.,
1992). This facies seems to be related with: (a) a relative
paucity in planktonic carbonate microfossils; (b) periods
preceding the development of flysch facies; (c) a relatively
poor oceanic circulation; (d) the presence of bottom cur-
rents; (e) their development seems to be exactly situated
between the period of platform drowning and an oceanic
opening.

7. PALAEOBATHYMETRY OF RED
NODULAR LIMESTONES

The term Ammonitico Rosso can be used for the Permian
deposits, as indicated by Cecca et al. (1992, with refer-
ences). An attempt of palaeobathymetric subdivision was
proposed by some authors (Perret et al., 1994; Randon,
2006). The basement of the Jurassic Ammonitico consists
of oceanic or continental crust (Cecca et al., 1992, p. 57).
Nodular carbonates are currently forming at 300-800 m
(Mullins et al., 1980; Heydari et al., 2003). Nevertheless,
the Jurassic Ammonitico Rosso contains pennular corals
whose modern equivalents are not deeper than 230-240
m (Gill et al., 2004). Mamet and Boulvain (1990), Préat
et al. (1999, 2000, 2005) and Mamet and Préat (2005,
2006a-b) related the red colouration to the formation of
bacterial activity in poorly oxygenated environments. We
agree with Heydari et al. (2003) in considering that the
bottom waters were well oxygenated during their deposi-
tion. Poorly oxygenated waters seem to be more
favourable to the deposit of black shales or blank chert,
such as the Tournaisian lydites, for example. We consider
here that the red nodular limestones covered the conti-
nental slopes in straits or narrow ocean palaeogeography.
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The upper slope deposit (more than 100 m deep, perhaps
to circa 250 m) with crinoids, brachiopods, trilobites, bi-
valves, bryozoans, gastropods, numerous ostracods and
conodonts; the middle slope is characterized by the ap-
pearance of the problematical algae Clobochaete and the
ammonoids, and the acme of conodonts; the lower slope
is characterized by a rarity and/or diappearance of all
groups. In the basinal facies only radiolaria are present in
the uppermost limestones grading into to cherts or tur-
biditic sequences.

8. PALAEOBATHYMETRY OF DEEP-
WATER FORAMINIFERA

Benthic foraminfers are widely used as proxies for
palaeodepth,. However, the exact types of constraints are
poorly understood (van der Zwann et al., 1999). Neverthe-
less, it is evident that, during the Palaeozoic, foraminifera,
many algae and pseudo-algae are restricted to the inner
platform. On the palaeoslope some zonations are known
up to the aphotic zone (Madi et al., 1996; Pille et al.,
2006; Pille, 2008). The deepest foraminifera in this case
are opportunistic small forms, such as Farlandia, En-
dothyra, Howchinia. Nevertheless, some rare foraminifera
are observed in the Viséan griottes of Spain (Randon,
2006, p. 167): Eotuberitina, Vicinesphaera, Parathuram-
mina, Earlandia minor and Endothyra prisca. The
foraminifera are generally present in the middle ramp
(Randon, 2006). This is also the case in the latest Permian
limestone of Zal, because of the observed assemblages.
The question is if these forms are autochthonous or trans-
ported. In fact, some are undoubtely in place, for exam-
ple:
endostromatolithes and the apparently free foraminifera

the Tolypammina attached on ferrobacterian

which share the same recrystallization (microfauna of
hard ground sensu Vachard, 1974); e. g. Eotournayella
(Vachard, 1973, 1974; Boulin et al., 1987). Similarly,
some Eoseptatournayella might be in place because re-
crystallized in silica, in supragriottes of Montagne Noire
(southern France) and Carnic Alps (Ebner, 1973; Vachard,
1974).

In the Palaeozoic, many morphologies attributed to agglu-
tinating foraminifera (class Textulariata) are in fact only ty-
pical of calcareous tests (class Fusulinata) without any
homeomorph among the Textulariata; the best examples
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are the false Ammobaculites of Gutschick and Treckman,
1959 and Gutschick et al., 1961 which are true Rectosep-
tatournayella Brazhnikova and Rostovceva in Anonymous,
1963 (compare Eickhoff, 1974, fig. 19 and Gutschick et
al., 1961, pl. 3, figs. 22-24 or Gutschick and Treckman,
1959, pl. 37, figs. 14-17). Furthermore, other types of pre-
servation are unquestionably recrystallisations: for exam-
ple the pyritized molds described by Vachard and
Mouravieff (1994). Many homeomorphs between Textu-
lariata and Fusulinata can be listed during the Palaeozoic
(and Triassic): e.g. (a) the genera Hyperammina Brady,
1878 and Earlandia Plummer, 1930, (b) Textularia De-
france in de Blainville, 1824 and Palaeotextularia Schu-
bert, 1921, (c) Ammobaculites Cushman, 1910 with many
different genera among the Fusulinida, especially Insolen-
titheca Vachard in Bensaid et al., 1979 emend. Vachard
and Cozar, 2004; (d) Spiroplectammina Cushman, 1927
confused with Palaeospiroplectammina Lipina, 1965 and
Spireitlina Vachard in Vachard and Beckary, 1991; (e) Am-
modiscus Reuss, 1862 with Pseudoammodiscus Conil and
Lys in Conil and Pirlet, 1970; (f) Glomospira Rzehak, 1885
with Pseudoglomospira Bykova in Bykova and Polenova,
1955; (g) Tolypammina Rhumbler, 1895 with diverse ge-
nera of Fusulida, especially Scalebrina Conil and Longers-
taey in Conil et al., 1980 or with the Miliolida
Calcivertella Cushman and Waters, 1928 (see for exam-
ple, “Tolypammina* encrusting Late Pennsylvanian Tritici-
tes Girty, 1904 illustrated by Hageman et al. (2004)).

Inversely some transported microfauna and microflora
exist, because their walls are not altered, for example in
the Devonian griottes (Vachard, unpublished data) and in
the Viséan-Serpukhovian griottes (Randon, 2006). In the
latest Permian, in our studied sections this is the case for
Neoendothyra.

9. DISCUSSION: DEPTH VERSUS
BUOYANCY

Some foraminifera of the Ammonitico Rosso limestones
are autochthonous: the Tolypammina encrusting the con-
odonts and the bacterial stromatolites, as well as the mi-
crofauna of hard-grounds. Other ones are transported
post-mortem by flottability: Endothyra prisca, etc. of the
Viséan; Neoendothyra of the Late Permian.
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The problem is the discovery of a method which permits
to discriminate the living forms on the bottom from the
form which come by buoyancy. Optical method seem
constitute by (a) a the type of filling of the chambers, (b)
the mineralogical transformations of the test, (c) the tapho-
nomic alterations of the tests (see Cézar, 2003a-b). In the
case of the Eotournayella the wall appears recrystallized
because, in the case of Endothyra and Neoendothyra they
are not affected.

Some foraminifera seem to live in this environment. They
have generally a double microhabitat: (1) at the interface
water sediment, (2) infaunal but probably in the top 10
cm of the sediment column as such as 75% of the mod-
ern benthic foraminifera (van der Zwann et al.,, 1999) in
this part the oxygenation was good, whereas the organic
flux is probably poor or relatively poor (red colour of the
sediment, but some bacterian bioconstructions). This dou-
ble microhabitats generate morphological adaptations (es-
pecially uncoiling which occasionally becomes generic
differences); e.g. (a) Pseudoammodiscus and Eotour-
nayella Lipina and Pronina, 1964; (b) Eoseptatournayella
Lipina in Anonymous, 1963; Septatournayella Lipina,
1955 and Rectoseptatournayella Brazhnikova and Ros-
tovceva in Anonymous, 1963; (c) Forschia Mikhailoy,
1935-Forschiella Mikhailov, 1935; (d) Endothyra [Phillips,
1846] Brady, 1876 emend. China, 1965, and
Mikhailovella Ganelina, 1956; (e) Neoendothyra Re-
itlinger, 1965-Neoendothyranella Nestell and Nestell,
2006. Examples (a) and (b) may exist also in the carbon-
ate ramps but were always observed in pelagic nodular
limestone by our team. Inversely, (c), (d) and (e) are only
known in shallow carbonate ramp. In Zal we have no
Neoendothyranella but true Neoendothyra. Consequently,
we conclude that many Palaeozoic foraminifera shared
two microhabitats at the interface of the sediment or infau-
nal at different depths. Eotournayella and Eoseptatour-
nayella lived in deep environments, the other one in
shallow environments. If present in nodular limestones,
Eotournayella and Eoseptatournayella were fossilized in
situ; the other one, especially Endothyra and Neoen-
dothyra were transported. Nevertheless, we have observed
(material Vachard, 1974, 1977) some specimens con-
tained in late Tournaisian nodular red limestones (“secon-
des griottes”), a foraminifer with a morphology of
Globivalvulina Schubert, 1921, but entirely silicified, with
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an agglutinate or exceptionally large quartz crystallites.
For this taxon, it is impossible to conclude if it is au-
tochthonous or transported. As no breaks nor truncature
facets are observed in the tests, no clinostratifications, no
grains or structures related to a high hydrodynamism, no
gradded bedding, no tempestite sequences etc. they were
not transported by current on the bottom, but the
buoyoancy is most probably responsible of their transport.
Another type of foraminifera is really in situ in deep sedi-
ment; they are part of the Tolypammina of the literature.
Tolypammina Rhumbler, 1895 is mentioned from the Sil-
urian to the Recent. In the Devonian they are generally
present in the griottes, especially interstratified in the en-
dostromatolites bacterian or eventually attached on con-
odont (Ttcker, 1973; Vachard, 1973, 1974; Schneider,
1970). Apparently, these Tolypammina do not exhibit re-
ally an agglutinate but the same recrystallization: ferro-
manganese and silica than as Eotournayella, Tikhinella,
etc. of the same environment. As the Tolypammina are
necessarily in situ because of their attachment on the deep
bacterial endostromatolite, this form can be also a recrys-
tallized Fusulinata: Tscherdyncevella or an undescribed
genus. No equivalent of this form is present in our Per-
mian samples, but a model can be provided by the recent
genus Ammodiscellites attached on the phosphoritic hard-
grounds of Peru (Resig and Glenn, 1997).

For the Zal section it is difficult to say where was the plat-
form and where lived Neoendothyra before transport. A Ba-
hamian model is possible due to the work of Mullins et al.,
1980 and the location within the Neotethys ocean. This Ba-
hamian platform may be migrated from Southeast to North-
east, because the Ammoniitico is Wordian in Eastern Oman
(Hauser et al., 2000), Late Wuchiapingian in Abadeh (e.g.
Mohtat Aghai and Vachard, 2005) and Changhsingian in
Zal, Ali Bashi (Iran) and Dorasham (Armienia-Transcauca-
sia pro parte) (e.g. Kotlyar et al., 1984).

10. CONCLUSIONS

1. The Zal section contains algae Gymnocodiaceae; co-
prolites; rare Biseriamminoidea and Palaeotextulari-
oidea, Nankinella sp.;
kwangsiana; Reichelina pulchra; Miliolata and Nodoso-

fusulinids Codonofusiella

riata.
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2. The last Permian beds contain the Endothyroidea

Neoendothyra reicheli in a deep red nodular limestone.

. The occurrences of foraminifera in the griottes-Am-
monitico Rosso in the Palaeozoic have two causes: in
situ or coming by buoyancy.

. In Zal, the Neoenthyra are transported by buoyancy
and deposited by setting.

. The environment of deposit can be in a middle slope
(250-500 m deep).

. The origin of the Neoendothyra can be situated on is-
lands similar to Bahamas, within the Neotethys.

7. There is a migration of the nodular facies from the Wor-
dian in Eastern Oman to the latest Permian in Zal. This
may constitute an important regional palaeogeographic
character.
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The Upper Cretaceous planktic foraminiferal genus Hendersonia was erected by Georgescu and Abramovich (2008, p.100). Since its
publication we found out that this name is preoccupied by Hendersonia Dall, 1905 (Gastropoda, Neritopsina, Helicinidae); its type
species is Hendersonia occulta (Say, 1831).

A new name is proposed for the Upper Cretaceous planktic foraminifer genus, namely Hendersonites, in order to avoid homonymy.
The original etymology of the name is maintained. The new name is formed by adding a different Latin suffix, “-ites”.
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ian) serial planktonic foraminifera (Family Heterohelicidae Cushman, 1927) with peripheral test wall flexure. Revista Espafiola de Micropaleontologia,
40, 97-114.
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