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Foreword/Avani-propos

The story began 35 years ago, in 1976, when I joined the geolog-
ical team of the ORSTOM center of Nouméa (presently TRD
[Institut de recherche pour le développement]). T was teacher in
a high school, but had the opportunity to participate in a
research program on the sediments of the southwest lagoon of
New Caledonia, in collaboration with E Dugas. Using the newly
arrived R/V Vauban, more than 800 samples were collected, over
an area about 3,000 km?, and analyzed — mostly grain size
analysis and microscopic observation. The result was the publi-
cation of sedimentological maps together with maps showing
the contribution of foraminifera and mollusks to the sediment.
Four sets of two maps at 1/50,000 were published concerning
the areas of Tontouta, Nouméa, Mont Dore and Prony, from
north to south, complemented by substantial explanatory notes.
A synthetic map was also published in the Atas of New
Caledonia (1981). These maps may be downloaded on the site:
<http://www.cartographie.ird.fr/sphaera/>.

This work coincided with a growth in scientific research programs
focalized on the marine environment, which led to the publication
of numerous thematic charts, such as those included in the Atlas
of New Caledonia (1981).

Later, an extensive study of the foraminifera from the fraction
0.5-2 mm of all the samples led to the writing and defense of a
PhD thesis (DEBenay, 1986) and to the publication of several
related papers, between 1985 and 1988, while I had a position at
the university of Dakar... Unfortunately, foraminifera from the
fraction 0.125-0.5 mm are still in their boxes and have never
been studied.

I came back in New Caledonia in 1997 for a sampling campaign
in mangrove swamps, with a view to a more general work on
foraminifera from paralic environments (DEBeNAY & GUILLOU,
2002).

In 2006, together with G. Cabioch, we listed the works related to
foraminifera from New Caledonia, and made the inventory of the
585 species reported from the area in previous works (DEBENAY &
CasiocH, 2007). At the same time, T came back on a position at the
IRD center of Nouméa where I carried out several works on
foraminifera.

Foraminifera are one of the most abundant groups in the lagoon
of New Caledonia, as shown in the Compendium of marine
species from New Caledonia (PavR1 & DE ForgEs, eds, 1987):
foraminifera (6%), algae (5%), molluscs (23%), arthropods (22%)
and vertebrates dominated by fish (19%). Moreover, their tests
often constitute the predominant part of the lagoonal sediments.

Lhistoire a débuté il y a 35 ans, en 1976, quand j'ai rejoint
lequipe de geologie du centre Orstom de Nouméa (actuelle-
ment IRD, Institut de recherche pour le développement).
Professeur dans un lycée, j’ai eu l'opportunilé de participer a
un programme de recherche sur les sédiments du lagon sud-
ouest de Nouvelle-Calédonie, en collaboration avec F. Dugas.
Profitant de U'arrivée du N/O Vauban, plus de 800 échantillons
ont éé prélevés, sur une zone d'environ 3 000 km?, et
analysés — principalement granuloméirie et observation
microscopique. Il en résulta la publication de cartes sédimen-
tologiques accompagnées de cartes montrant la contribution
des foraminiferes el mollusques a la constitution du sédiment.
Quatre jeux de deux carles au 1/50 000 ont éfé publiés pour les
zones de Tontouta, Nouméa, Mont Dore el Prony, du nord au
sud, complétés par des notices détaillées. Une carte synthétique
a également élé publice dans I'Atlas de Nouvelle-Calédonie
(1981). Ces carles peuvent élre téléchargées sur le sile :
<htip://www.carlographie.ird.fr/sphaera/>.

Ce travail a coincideé avec le développement de programmes
dedies a l'environnement marin, ce qui a conduit a la publi-
cation de nombreuses cartes thématiques, lelles que celles de
I’Atlas de Nouvelle-Calédonie (7981).

Plus tard, une étude délaillée des foraminiferes de la fraction
0,5-2 mm des échantillons a abouti a la rédaction et la
soutenance d'une these (DEBENAY, 1980), et a la publication
de plusieurs articles, entre 1985 el 1988, alors que j’élais en
poste a l'université de Dakar. .. Malbeureusement, les fora-
miniferes de la fraction 0,125-0,5 mm sont loujours dans
leur boile el n’ont jamais élé éludies.

Je suis revenu en Nouwvelle-Calédonie en 1997 pour une série
d'échantillonnages dans les mangroves, en vue d'un travail plus
geénéral sur les foraminiferes des environnements paraliques
(DEBENAY el Guirzou, 2002).

En 20006, avec G. Cabioch, nous avons répertorié les travaux
portant sur les foraminiferes de Nouvelle-Calédonie et
inventorié les 585 especes citées par les auteurs précédents
(DEBENAY et CasiocH, 2007). Je suis alors reveni sur un poste
au centre IRD de Nouméa ou jai réalisé plusieurs études sur
les foraminiferes.

Les foraminiferes constituent l'un des groupes les plus
abondants dans le lagon de Nouvelle-Calédonie, comme
cela a été montré dans le Compendium des espéces marines
de Nowuwvelle-Calédonie (Pavrl et DE FORGES, eds, 1987) :
Jforaminiferes (6 %), algues (5 %), mollusques (23 %),
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Adding the fact that the Lagoons of New Caledonia have been
inscribed on UNESCO World Heritage List that will need an
increase of the ongoing research, and will increase public interest
and appreciation for marine biodiversity, it appeared necessary to
provide a synthetic work on the present knowledge about New
Caledonian foraminifera.

arthropodes (22 %) et vertébrés, dominés par les poissons
(19 %). De plus, leurs tests constituent souvent une part
prédominante des sédiments. Si 'on ajoute I'inscription des
lagons de Nouvelle-Calédonie sur la Liste du patrimoine
mondial de I’'Unesco, qui va nécessiter un développement de
la recherche et va accroitre lintérét du public et sa compreé-
hension de la biodiversité marine, il apparaissait nécessaire
de fournir un ouvrage synthétique sur la connaissance
actuelle des foraminiferes néo-calédoniens.
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Introduction

Why benthic foraminifera?

Foraminifera have an evolutionary history that extends back to
the Cambrian, more than 525 million years ago. Since then, they
have radiated and evolved. To date, approximately 60,000 fossil
and modern species have been validly recognized (LaNGER, 2011),
and an estimated 10,000 species (including only 40-50 planktonic
species) are still living (Vickerman, 1992), constituting the most
diverse group of shelled microorganisms in modern oceans (SEN
Gurta, 1999). These small-sized organisms, usually 0.1 to 1 mm,
may be very abundant, and tens of thousands living specimens
per square meter may be found in some environments (WETMORE,
1995). Their mineralized tests (shells) usually get preserved in
the sediment after the death of the organism and may constitute
amajor, sometimes the dominant, part of many modern or fossil
sediments (fig. 1). They are easy to collect, and their high-densi-
ty populations provide an adequate statistical base, even in small
volume samples, to perform environmental analyses, making
them a powerful tool for environmental assessment.

Why this book?

The aim of this book is to give an overview of the present knowl-
edge on foraminifera from New Caledonia. In order to make this
knowledge accessible to people who are not familiar with New
Caledonia, and/or with foraminifera, two introductory parts
describe the regional setting and the characteristics of New
Caledonia, and a third one provides an introduction to
foraminifera. The fourth part gives a synthesis of the main results
published on Recent foraminifera from New Caledonia, and the
last and most important part presents the 1043 species in the
form of an illustrated atlas with photos and information about
the morphology and taxonomy of most of the species.

This inventory will be helpful to professional micropaleontolo-
gists, researchers, and students, but its main objective is to offer
environmental managers and all person interested in lagoonal
environment and protection the access to this invaluable tool for
environment monitoring that are benthic foraminifera. It will

| Figure 1
Sand from a beach of Grande Terre. Arrows show some foraminifera, but much more can be seen.



also contribute to feeding international database programs,
increasingly needed with the growing interest in biodiversity.

Previous works about
foraminifera from New Caledonia

The first study of foraminifera from the southwestern Pacific near
New Caledonia was carried out by Brany (1884) during the voy-
age of H.M.S. Challenger (1873-1876), updated by Barker
(1960). The nearest station was station 177, near Vanuatu
(16°45'S-168°5’E). However, studies concerning directly New
Caledonia began much later, with partial and local inventories in
coastal samples (GavBINi, 1958, 1959; ReNAUD-DEBYSER, 1965;
TouLouse, 1965, 1966). Samples of recent and fossil sediments
collected during the Singer-Polignac mission (1960-1965) were
further used for several studies of foraminiferal assemblages
(CouDRAY & MARGEREL, 1974; CouDRAY , 1976; MARGEREL, 1981).
These samples allowed MARGEREL (1984) to make the first
detailed inventory of foraminifera from the Baie de Saint-Vincent
(southwest of New Caledonia). This inventory, unfortunately still
unpublished, described 289 species. On the occasion of the sedi-
mentological study carried out by the IRD in the southwestern
lagoon of New Caledonia, mentioned above, more than 800 sur-
face sediment samples were collected (fig. 2). They allowed the
first exhaustive study of large foraminifera (> 0,5 mm), with the
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description of 168 species. Most of them are deposited at the Museum
d’Histoire Naturelle de Genéve (DEBENAY & DECROUEZ, 1989). Several
papers were published (DEBENAY, 19854, 1985b, 1986, 19884, 1988b,
1988¢). During the same period, the foraminifera of Quaternary
reefal paleoenvironments were studied (CasiocH ef al., 1986;
CaBIocH , 1988), as well as the benthic (VINCENT, 1986; VINCENT
& LAURIN, 1988; VINCENT ef al., 1991) and planktonic (LAMBERT
et al., 1991) foraminifera of the Loyalty basin. Two PhD theses
also provided inventories of foraminifera from New Caledonia
and Polynesia (Apjas, 1988), and from New Caledonia including
Chesterfield islands (DEGAUGUE-MicHALSKI, 1993). Samples have been
collected in coastal marshes and mangrove swamps for a more
comprehensive study about the foraminifera of paralic environments
(DeBENAY & GuiLLou, 2002). Finally, an illustrated catalogue of the
species from the Baie de Saint-Vincent has been prepared by Margerel
and is available on the web site of the University of Provence:
http://mdp.cerege.fr/forams-index php?position=0&der=&nbr=10.
All the works reported above were used to prepare an inventory of
the foraminifera species that live in the waters from around New
Caledonia (DEBENAY & CaBlocH, 2007). At that time, 585 species
were identified. Since 2009, several works have been published
about epiphytic foraminifera (DeBeNAY & Pavrr, 2010), predation
by fish (DesenaY e/ al., 2011), foraminifera as indicator of
environmental changes (DEBENAY & FERNANDEZ, 2009), colonization
of new environments by foraminifera (DrBeNaY ef a2l., 2009a),
and foraminifera in shrimp ponds (DEBENAY ef al., 2009b).
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Figure 2

Location of stations collected between 1976 and 1978.



Regional setting

Located in the Southwest Pacific Ocean, about 1,500 km East of
Australia, the exclusive economic zone (EEZ) of New Caledonia
covers around 1,400,000 km? extending over 1,200 km N-S
(between latitudes 15° and 26° S) and 1,800 km W-E (between
longitudes 156° and 174° E) in the Southwest Pacific. It is
schematically composed of a series of NW-SE trending ridges and
basins, formed during the geological history of the area, which
began around mid-Cretaceous time.

The New Caledonia archipelago comprises: the Grande Terre (the
largest island, 400 km-long and 50 km wide), extending to the
Belep islands and the d’Entrecasteaux Reefs to the north and the
Isle of Pines to the south (fig. 3), and supported by the New
Caledonia Ridge, which is the northern extension of the Norfolk
Ridge; the Loyalty islands, on the Loyalty Ridge; Chesterfield and
Bellona plateaus, supported by the Lord Howe volcanic chain,

Lansdowne Bank and Fairway Ridge; and seamounts along the
Loyalty, Norfolk and Lord Howe ridges. Matthew and Hunter
volcanic islands are located father to the southeast, on the
southern part of the Vanuatu volcanic arc.

The main island, Grande Terre, is the third largest island in the
Pacific (after New Guinea and New Zealand). It is of continental
origin and has a mountainous axis that reaches a maximum
altitude of 1,629 m. The Belep islands and Isle of Pines are also
mostly continental islands. The Loyalty islands are uplifted atolls
built on a line of volcanic seamounts, nowhere rising much
higher than 130 m. Maré in the south has some volcanic rocks
but is primarily composed, as the others islands, of uplifted lime-
stone. The Chesterfield islands and Bellona reefs are coral cays
along the perimeter of the plateaus, forming large atolls. The
wide Landsdowne Bank is mostly sandy and 70-80 meters in
depth, but includes a small reef in the north, while the Fairway
reefs, supported by the Fairway Ridge come close to the surface
and dry at low tide (fig. 3).
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Location of the main islands and reefs of the New Caledonia archipelago. In dark blue: the main lagoons.



A prominent dynamic regional feature is the subduction zone
between New Caledonia and Vanuatu, where the Australian plate
dips under the Vanuatu volcanic arc. The resulting lithospheric
deformation (bulge) of the Australian plate explains the uplifted
reefs of Grande Terre, Isle of Pines and Loyalty Islands (DuBois
el al., 1974).

Oceanography and climate

Hydrological conditions
in the southwest Pacific Ocean

Water circulation in the southwest Pacific follows complex path-
ways due to its strong interaction with the complex bathymetry of
the region. The southern part of the South Equatorial Current
divides into jets: North/South Vanuatu Jet, and North/South
Caledonian Jet. Those jets feed the western boundary current
system: the East Australian Current to the south and the New
Guinea Coastal Current that itself feeds the Equatorial
Undercurrent to the North, through the Solomon Straits (fig. 4;
GANACHAUD ¢f al., 2007).

Surface waters of the EEZ are fed to the south by a branch of the
East Australian Current that brings cold and salted waters and to
the north by warm and less salted waters coming from the South
Equatorial Current. The result is that the west coast receives
cooler waters (1-2°C) than the east coast (RouGerig, 1986). The
characteristics of these waters are strongly influenced by the
seasonal variability of the water circulation (VEGa ef al., 2005).

Strong cooling events off the western barrier reef of New
Caledonia have been attributed to wind-driven coastal upwelling.
ALORY e/ al. (2006) developed a simple one-dimensional model
based on a heat budget in the mixed layer. This model suggests
that upwelling is the dominant process at daily timescale, and
that the surface heat fluxes have a smaller influence than

—
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upwelling on daily Sea Surface Temperature (SST) variations.
This process, however, is strongly modulated by the seasonal
variations of the subsurface stratification.

Climatic conditions
in the southwest Pacific Ocean

The climate of the southwest Pacific region, primarily oceanic, is
controlled by large-scale atmospheric circulation features that
include the trade wind regimes, the Hadley and Walker circula-
tions, the seasonally varying tropical convergence zones, the
semi-permanent subtropical high-pressure belt, and the zonal
westerly winds to the south (fig. 5).

In January, the prominent feature is the trough of low pressure
that extends eastward from the monsoonal low centered over
northern Australia, while a high-pressure dome sits over southern
Australia in July. The resulting monsoon regime is felt west of
170°W throughout the Vanuatu archipelago and the northern
part of New Caledonia. The South Pacific Convergence Zone (SPCZ)
that extends from east of Papua New Guinea southeastward
toward 120°W, 30°S maintains one of the most expansive and
persistent cloud bands on earth. South of 30°S, the atmospheric
circulation is characterized by the presence of an anticyclonic
belt (Mags ez al., 2007). Under the combined effects of the seasonal
shifts in the SPCZ and the monsoon regime, the climate in New
Caledonia has typically a wet season that extends from January to
April with a transition season from June to July and then a dry
season from August to December.

The main signals at interannual timescales are linked to the
variability of the ENSO phenomenon. The signature of El Nifio
events in the oceanic region around New Caledonia is character-
ized by a 20-50% decrease in precipitation (NICET & DELCROIX,
2000), which may be related to the shifts in the position of the
SPCZ in response to ENSO anomalies (Forianp e/ al., 2002;
FISCHER ef al., 2004).
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A) General circulation in the southwest Pacific (from GANACHAUD et al., 2007);
B) Average surface water circulation (from Kesler in VEGA et al., 2005).
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The southwest Pacific climatic conditions. Dashed lines represent the seasonal position of the convergence zones
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New Caledonia, located in the trade wind zone typically experiences
easterly to south easterly winds of 10 to 20 knots, but local topogra-
phy has strong effects on local wind patterns. The axial mountain
range also affects rainfalls and, excluding the mountains, the
East Coast and the southeast parts of New Caledonia are the
wettest.

Sea-level variations

During the last million years, sea level had 100 kA cyclic high
(sometimes 5 to 10 m above present-day sea level) and low
(120-130 m below present-day sea level) stands, leading to several
emersions and submersions of the reefs and lagoons (CHEVILLOTTE
et al., 2005; CHARDON ef al., 2008; Lt Roy ef al., 2008). These
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drastic environmental changes obviously had significant effects
on the New Caledonia marine biodiversity. Modern reefs could start
growing when the substratum began to be flooded by the post-
glacial sea-level rise. Their morphology results from i) substrate
availability (preexisting reefs), ii) the postglacial rate of sea-level
variations from around - 120 m at 20/23 ka to the present sea-level
with a peak up to + 2 m at 5,5 ka due to isostatic readjustment,
and iii) the growth strategy of living communities. During the
same time, species progressively colonize the lagoon. However, in
the region, sea surface temperatures may not have been suitable
for corals before around 8 ka, which can explain the late (8,2 ka)
formation of postglacial reefs in New Caledonia (Casioc, 2001).
Another alternative hypothesis is the lack of suitable substrate
(accommodation space) before 8 ka.



Study area

Lagoons and reefs

Reefal structures follow the eastern and western coast of Grande
Terre, and extend beyond the island, 50 km southward and
200 km northward. Bounded offshore by a barrier reef built on
the border of the island shelf, the lagoons cover a total area of
23,400 km? (TEsTau & Conanp, 1983) (fig. 3).

They have an average depth of 40 m along the east coast and of
25-40 m along the west coast. They are connected to the sea by
deep passes opened at the mouth of submarine valleys downcut
by the rivers during the last glacial regression 20,000 years ago.
Extended lagoons are also found in the Chesterfield Archipelago,
d’Entrecasteaux Reefs and Loyalty Islands (mainly Ouvea).

New Caledonian reefs include both oceanic (d’Entrecasteaux,
Loyalty and Chesterfield) and continental reefs (Grande Terre and
Isle of Pines). These reefs offer a large diversity of formations,
explained by the diversity of environmental forcing, and provide
a rich framework that itself supports a large diversity of shallow
modern habitats and communities. There are 8 times more
lagoonal and sedimentary areas (~31,300 km2) than reef
areas (~4,500 km?). New Caledonia is clearly a region of high
complexity, a hotspot of reef diversity, though it is not the most
complex area (ANDREFOUET ef al., 2007, 2009).

The prominent feature of New Caledonia is its 1,500 km long
barrier reef, cut by deep passes, and including a 1,300 km long
subtidal domain. This is the longest stretch of barrier reef world-
wide, since the Great Barrier Reef in Australia is not a linear
barrier reef for most of its length, but an assemblage of platform
reefs of various sizes and shapes. The spatial organization of
Grande Terre reefs is not very diverse with an onshore-offshore
sequential zonation of fringing-patch-barrier reefs for most of its
perimeter, but more complex spatial organizations are found in
the south lagoon due to higher abundance of patch reefs and wide
shallow lagoons. The north sector is characterized by a very wide
lagoon (Grand Lagon Nord) bounded by a continuous barrier
reef, but depleted from patch reefs (ANDREFOUET ef al., 2007).

The southwest lagoon

General features

The southwestern lagoon of New Caledonia has been extensively
studied and therefore deserves a particular presentation. It covers

approximately 2,000 km?, with a mean depth of 17.5m. It
widens progressively towards the southeast from 8 km wide north
of Baie de Saint-Vincent, reaching 20 km near Nouméa and a
maximum of 65 km at its southern end. The barrier reef consists
of a series of arched reefs separated by deep passes (> 60 m). It
curves sharply to the north at its southern extremity, following
the edge of the great axial thalweg that prolongs the Bay of Prony
(fig. 3).

The lagoon can be subdivided into an external zone that
comprises a series of shallow (10-20m) indurated plateaus
downcut by the submarine valleys, and an internal zone, which
corresponds to the large and deep (40 m) lagoonal depressions.
The back-reef area is characterized by large hydraulic sand dunes.
The large bays, which indent the shoreline, are characteristic of
a submerged coastline. The numerous intra-lagoonal reefs are
arranged along three alignments roughly parallel to the coast
(THOMASSIN, 1984).

Hydrodynamics

Water movements in the southwestern lagoon of New Caledonia are
controlled mainly by tidal and wind forcings. The semi-diurnal
tide (maximum tidal range = 1.8 m) propagates from the south
to the north (DouiLLer, 1998), while southeasterly trade winds
drive a general northwest drift (Doutier et al., 2001). Models
suggest that oceanic waters enter the lagoon at its southern end,
emptying through the passes. Field observations have shown that
the wind-driven surface current to the northwest, which enters
the lagoon mostly through scattered reefs of the southeast, is
balanced by a subsurface return current to the southeast. During
each rising tide, oceanic water inflows mostly through the passes,
but also to a lesser extent over the barrier reef, and between the
scattered reefs of the southeast. Except when trade winds blow
suddenly stronger, a reversal of surface currents and undercurrents
can be observed in some passes and in the lagoon during the shift
of tidal flow: during flood tides the flow is E or NE in the passes,
NW or W in the lagoon; during ebb tides, the flow is SW or W in
passes and SE in the lagoon (RouGERIE, 1986).

At a long-term scale, models indicate that tidal water mainly
enters the southwest lagoon at the south, between Ouen Island
and the barrier reef. One part flows directly to the ocean through
Boulari pass while the other part flows northwards and leaves the
lagoon through Dumbéa pass. The velocity of the long-term

transport generated by the tidal circulation is around 1cm s,



whereas wind-induced velocity is 10 cm s or higher (OuILLON
et al., 2010). Over the reef, the tidal flow may alternatively enter
and leave the lagoon during trade wind episodes, but oceanic
water may flow continuously toward the lagoon under west wind
or weak wind. Freshwater inputs are mainly from the Dumbéa River,
Boulari River, and Pirogues River. Inside the southwest lagoon, the
inter-annual variability is less marked than the seasonal one, which
is well marked for most parameters (LEBORGNE ef ¢l., 2010).

Sediments

Sedimentary deposits are mainly of bioclastic origin. The finest
sediments occur between the river mouths and the passes, in the
depression and the submarine valleys, where the proportion of silt
and clays is the higher (fig. 6). Coarser sediments are found near
the patch reefs, due to the direct input of coarser grains from the
reefs, and in shallower areas, including back reef areas, due to
the winnowing of the sediment by waves and currents. According
to the color of sediments, the lagoon appears to be divided into
four main areas roughly parallel to the coast and the barrier reef
(fig. 6). The color was shown to be directly related to continental
iron-rich inputs, the zonation showing a decrease of these inputs
seaward (DEBENAY, 1987).

Sediment
color

1 White
[ Yellowish
[l Light gray
[ Darkgray = lIslands \N
[ 10chre [ Barrier Reefs

B Red brown [ Patch Reefs

Silt and clays
[ J<5%
[15-25% [ _llslands \
[125-50% [ Barrier Reefs

0 >50% [ Patch Reefs

| Figure 6
Color of the sediment and silt and clays content
(from DeBENAY, 1987).
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In the inner bays, the sediment is red or brown in color, with
more than 8% of FeyO3. In the outer bays, the depressions and
the submarine valleys, it is ochre as long as the percentage of
Fe)03 is over 2%. In the external parts of the depressions and of
the submarine valleys bioclasts are colored in grey by iron pyrites.
At the transition between the depression and the external plateaus
and sand dunes, sediments are yellow, due to the oxidation of
bioclasts previously colored by iron pyrites after reworking of
sediments (DEBENAY, 1987). The back reef hydraulic sand dunes
are white. Continental inputs are stocked close to the river
mouths and in the bays, elsewhere remaining noticeable only in
submarines valleys.

In the coarsest fractions (> 0.5 mm), Mollusks (Gastropods,
Pelecypods) and Foraminifers constitute the bulk of bioclastic
material with locally coralline algae, Halimeda and/or coral
detritus (Debenay, 1985a). The contribution of coral debris to the
sediment is significant only close to the reefs. Generally, sedimen-
tation of grains coarser than 63 pm within the lagoon is the
result of 772 situ organic production combined with low hydrody-
namic control that lead to only weak sediment transport, as
reported from other lagoons of New Caledonia (CHEVILLON, 1996).

Tests of foraminifera are often among the major constituents of
the sediment. Even in the coarser fraction (> 0,5 mm), they are
abundant, frequently making up more than 10% of the sediment
(fig. 7), this proportion sometimes reaching 80% or more.

77 More than 10% of foraminifera
B in the fraction 0.5 - 2 mm

[ Islands
1 Barrier Reefs
B Patch Reefs

| Figure 7
Contribution of foraminifera to the coarser (> 0.5 mm) fraction
of the sediment (after DEBENAY, 1985a).



Introduction to Foraminifera

Abridged History

The first mention of foraminifera can be found in the antiquity,
when Herodotus, in the Vth century before Christ, reported the
accumulation of lentil-like forms in the pyramids of Gizeh,
ignoring that they were large fossil foraminifera (Nummudites).
The organic origin of these fossils was discovered far later, by
Leonardo da Vinci (XVth century), and the first specific study was
carried out by Linaeus (1766), who recognized 15 species. In 1826,
Alcide d’Orbigny produced the first classification of foraminifera
that included 5 families, 52 genus and 552 species. He regarded
them as minute cephalopods, whose chambers communicate by
pores (foramina) and not siphons, giving them the name
“foraminiferes”. Later on (1835), E Dujardin discovered their true
nature and recognized them as protozoa. Works on foraminifera
developed during the end of the 19 century and the 20 century,
involving numerous scientists. Among them must be mentioned
workers such as Carpenter, Brady, Cushman, Loeblich and Tappan,
who carried out much pioneering works.

Foraminifera have been extensively studied by geologists, and
particularly used in oil industry, to find potential oil deposits. Due
to their abundance, the good preservation of their mineralized tests

| Figure 8
Pseudopodia. a) phase-contrast microscope image of Massilina secans showing pseudopodia extruding from the single aperture of the test;
b) phase-contrast microscope image of Ammonia beccarii showing bunches of pseudopodia extruding from sutural spaces;

c) same as (b), but under a Scanning Electron Microscope;
d) detailed view of (c) showing pseudopodia anchoring the test on the substrate;

e) phase-contrast microscope image showing the pseudopodial network of Heterotheca lobata
(photos ¢ and d from V. Le Cadre; photo e from K. G. Grell in DEBENAY et al., 1996).

in the sediments, their fairly continuous evolutionary development
since the Cambrian, they can be used for accurately dating rocks.
They have long been ignored by marine biologists, and if biological
studies began at the end of the 19™ century, they only developed
in the 1980s, little being known about their biology.

Resulting from their extensive use by geologists, emphasis was
given to the mineralized test of the foraminifera that were
mainly known as shelled organisms living in marine and paralic
environments. Recent studies, however, revealed the presence of
naked species (lacking test) living in freshwater environments
and even in damp rainforest soil (e.g., PavLowskI e/ al., 1999;
MEISTERFELD ef al., 2001; HOLZMANN ef al., 2003).

Foraminifera are single-celled organisms (protoctists). Their size
typically ranges from 0.1 to 1 mm, although some species may be
as large as several centimeters, sometimes exceeding 10 cm in
diameter. In most species, the cell is protected by a test (shell),
which may be uni- or multilocular. The shell is referred to as a test
because it is covered by some of the protoplasm of the unicellular




organism. The protoplasm of the cell is composed of endoplasm
and ectoplasm. The endoplasm is the central part of the proto-
plasm that contains the nucleus or nuclei and in which the
major metabolic processes take place. The ectoplasm is the outer
zone of cytoplasm, from which a reticular network of pseudopodia,
reinforced by a micro-tubular cytoskeleton, may emerge through
a single or many openings in the test —but never through the
pores (fig. 8). This pseudopodial network is used for locomotion,
anchoring, catching and transport of food, removal of excretory
products, gas exchange, test building, and many other functions.
Pseudopodia characteristically have small granules streaming in
both directions, and as they form a network, they are called
granuloreticulopodia.

Foraminifera are heterotrophic protists that are often considered
as a key group in the marine food web (Arrensach, 1992) since
they are one of the dominant members of benthic communities
in both shallow and deep-sea environments (Arongi, 1992;
Goobay e/ al., 1992; MoonLEy ef al., 2000), and are often major
contributors to meiofaunal biomass (Murray, 2006). They exhibit
a great variety of feeding mechanisms, which are in relation with
their ecology and their test morphology. Many benthic
foraminifera are omnivorous opportunistic feeders that consume
organic detritus, unicellular algae, protists (including other
foraminifera), and metazoans (Havnes, 1981). Some branching
forms are suspension feeders and utilize their pseudopodia to
capture food from the water column. Sediment dwellers may
absorb dissolved organic matter vz their pseudopodia, but they
are mostly deposit feeders, gathering organic detritus and bacteria
with their pseudopodia. Some species may form a “spiders web”
with their pseudopodial network and capture small metazoans,
such as copepods. Despite this variety of diet, most of the
foraminifera are deposit feeders (Lipps, 1983), and bacteria
constitute an important element in their diet (GorpstEIN &
Coruiss, 1994), due to their high nutritional value. They also have
a prominent role in cycling indigestible organic detritus and
making them available to deposit feeders. Several littoral benthic
foraminifera have been shown to selectively ingest bacteria (LEE
et al., 1966; LEE & MULLER, 1973), and even a bacteria farming
strategy has been inferred by LANGER & GEHRING (1993).

A number of benthic and planktonic foraminifera that inhabit the
photic (lighted) zone, mostly in tropical waters where sunlight is
plentiful and trophic resources somewhat restricted, host unicellular
algae that provide the foraminifera with carbohydrates. It is thought
the large size of some tropical benthic foraminifera partly results
from these endosymbiotic associations. Endosymbiotic algae
may be from diverse lineages such as the green algae, red algae,
golden algae, diatoms, and dinoflagellates. Some foraminifera
are kleptoplastic, retaining chloroplasts from ingested algae to
conduct photosynthesis (BERNHARD & BowsERr, 1999). This diversity
in the endosymbionts and the resulting diversity of the photopig-
ments used by the algae allow the symbiont-bearing foraminifera
to successfully utilize a wider range of the light spectrum and
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thus to colonize most of the photic water column.

Parasitism by foraminifera has been reported for several species
since it was first documented by Le Cawvez in 1947. In New
Caledonia, a small species, Melarotaliella tuvaluensis, may
potentially parasite several miliolid species. It attaches to the tests
of partially grown miliolid individuals, resulting in malformation
of the chambers added after the attachment and modification of
the test morphology (fig. 9).

| Figure 9
Metarotaliella tuvaluensis on a deformed test of miliolid.

The status of foraminifera as a key group in the marine food web
does not result only from their abundance, but is also due to the
fact that their feeding sources are mostly inaccessible for the
macrofauna. In turn, foraminifera are preyed upon by many dif-
ferent organisms. Incidental predation is common, due to deposit
feeders ingesting sediment-dwelling foraminifera or herbivorous
organisms that ingest epiphytic foraminifera. Some more or less
selective predators have been identified, including nematodes
(Surter, 1971), polychaetes (Lipps & Ronan, 1974), mollusks
(e.g., LANGER e al., 1995; GLOVER et al., 2003), echinoderms (e.g.,
Mareu, 1969), arthropods (e.g., Raner, 1992), and fish (e.g.,
Topb, 1961; Lieps, 1988; DeBENAY ¢/ al., 2011). This predation
may have a significant impact on foraminiferal populations as
demonstrated for deep-sea scaphopods (LANGER eZ al., 1995) and
fish (e.g., PALMER, 1988).

Reproduction and growth

The life cycles of only a few species are known among the approx-
imately 10,000 living species of foraminifera. There are a great
variety of reproductive strategies, but foraminiferal life cycle
commonly involves an alternation between haploid and diploid
generations. This type of alternation of generations is known
mostly in plants. Although they are mostly similar in form, the
generations differ in the size of the initial chamber, known as the
proloculus (fig. 10).
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often confusing and sometimes erroneous, even in specialized
literature. For a detailed description, see LE e al. (2000).

In some species, the foraminifera change their way of life during
the life cycle. For example, several species of Rosalina,
Neoconorbina and Cymbaloporetta that live in tropical areas
have a benthic agamont, while the gamont constructs a float
chamber and becomes planktonic before releasing the gametes
(fig. 12).
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Schematic representation of the life cycle of foraminifera with the usual alternation of generation (solid lines),
and the alternative multifission (broken lines) (simplified from LeE et al., 2000).




Three types of sexual reproduction are known in foraminifera:
gametogamy, gamontogamy (or plastogamy), and autogamy. In
gametogamy, the biflagellate gametes are released into the
surrounding seawater and fuse outside the gamontic test. In
gamontogamy, two or more gamonts join their apertural faces
that partially dissolve, forming a limited space where the
flagellated or amoeboid gametes fuse (fig. 13). In autogamy, the
gametes produced by the same gamont fuse inside the gamontic
test.

| Figure 13
Plastogamic pair of Punctobolivinella unca.

Some species of foraminifera live only a few weeks before death
or reproduction, while large tropical species such as Marginopora
vertebralis may live several years.

After the fusion of gametes or the fission of the mother cell, the
zygotes or the daughter cells of shelled species construct a small
initial chamber (proloculus), calcified around the protoplasm
(fig. 14). While the cell grows, the chamber increases in size in
monolocular species, and new chambers are added in multilocu-
lar species. At the beginning of the growth, one chamber is built
almost every day. The construction of new chambers involves
complex processes, including the participation of pseudopodia,
and differs depending on the nature of the test. It is impossible to
present these processes in this book, even if some aspects will be
evoked in the following chapter about the test.

Proloculus

| Figure 14

Growth of Sorites orbiculus:

left, the proloculus and its tubular extension (flexostyle);
center, the first chambers adding around this “embryo”
attached on a macroscopic alga;

right, an adult specimen on Gelidium sp.
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The test

Composition and structure

Some naked foraminifera have recently been identified, but most
of the known species have a test. Because foraminifera were first
studied by geologists, their classification has been based primarily
on characters of the test, mainly wall composition and structure,
chamber shape and arrangement, the shape and position of the
apertures, surface ornamentation.

Three basic wall compositions are recognized: organic, aggluti-
nated, and secreted calcium carbonate. An exception is the genus
Miliammellus, the only genus of the Suborder Silicoloculinina,
which as the name suggests has a test composed of silica. Some
organic specimens were observed living in algae, but owing to the
peculiarity of these species and to the fact that organic tests are
not preserved in dried samples, they are not taken into account in
this study.

Agglutinated tests are made of accumulated foreign particles
collected in the sediment and cemented together by a variety of
cements, e.g., organic, calcareous or made of ferric oxide (fig. 15).
Some species use all particles available, selecting them randomly,
while others pick specifically selected grains (e.g., sponge spicules,
coccoliths, mica flakes) (fig. 16).

Calcareous tests may be subdivided into three major groups:
microgranular (an extinct group that will not be considered
here), porcelaneous, and hyaline. Two peculiarities must
also be mentioned: the test of the suborder Spirillinina is
constructed of an optically single crystal of calcite and the
suborder Carterinina is believed to secrete spicules of calcite,
which are then cemented together to form the test.
Porcelaneous tests are opaque, due to the refraction of light by
the thick, randomly arranged middle layer of crystal needles,
enclosed between the thin inner and outer well-ordered
veneers (fig. 15). They are imperforate and composed of high
magnesium calcite. Hyaline tests are glassy. They are termed
perforate because the wall is penetrated by fine pores (fig. 15).
The pores are closed on the inner face of the wall by an organic
membrane, and hence do not allow direct communication
with the exterior, but facilitate gas exchanges. Hyaline tests of
recent foraminifers are mainly calcitic, rarely aragonitic
(order Robertinida).

Basically, calcareous tests are composed of colloidal crystallites
that result from nucleation in oversaturated media controlled by
the cell (see discussion in DEBENAY eZ al., 1996). In porcelaneous
tests, nucleation occurs in the Golgi vesicles, and crystallites
group into needles. Needles are transported toward the area of
test wall construction where they are deposited in random
arrangement (HEMLEBEN e/ al., 1986), and secondarily form the
platelet layer (DEBENAY e/ al., 1996). In hyaline tests, nucleation
occurs on an organic membrane (e.g., Towe & CIFELLI, 1967;
HoTTINGER, 1986), where crystallites group into radial columns
to form the test wall. A new lamella may be added to the initial
wall when a new chamber is constructed, resulting in multil-
amellar tests (fig. 15).
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| Figure 15

Nature and structure of the test. 1) agglutinated; 2) calcareous hyaline; 3) calcareous porcelaneous
- A) light microscopy; B) SEM view of a test; C) detailed view of the surface showing the glue
between foreign grains on an agglutinated test, the pores on a hyaline test, and the rhombohedral
platelets on a porcelaneous test; D) sections showing the foreign grains in an agglutinated test, the
lamellae in a hyaline test, and the irregularly arranged calcitic needles covered with rhombohedral
platelets in a porcelaneous test.

Chamber arrangement

Some species build tests with a single chamber (unilocular), but
most species build multilocular tests with multiple chambers that
are added as the cell grows. Chambers are connected with each
other by small openings called foramina (Foraminifera got their
name from these foramina). The final chamber communicates
with the exterior through one or several openings called apertures.
The living cell fills all the chambers except for one or two of the
most recently constructed. While the cell grows, the chamber
increases in size in unilocular species, and new chambers are
added in multilocular species, following a great variety of
arrangements. The most common types of chamber arrangements
are shown on figure 17.

Besides these general categories, there are many variations in the
test morphology. For example, planispiral tests may be involute

| Figure 16
Examples of agglutinated tests: (the chambers in a coil cover laterally those of the preceding coil,
A) with irregular coarse grains; the chambers of the last coil only visible) or evolute (all coils

2)) VV\\/,iittE ]::r;?egtrzglss;ponge spicules. visible) (fig. 18 A, B). Chambers may be irregularly added as

Scale bar = 100 pm. illustrated in a few examples in figure 18 (C, D, E). In milioline
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Monolocular
The living cell is enclosed in a chamber of variable morphology,

Monolocular tubular

enrolled (2) or irregularly (streptospirally) enrolled (3).

Serial
The chambers of the plurilocular test are arranged
in a unique linear series (uniserial - 4), two series (biserial - 5)

Spiral
Chambers are spirally arranged, either in one plane,

giving the test a trochoid morphology, like a snail shell
(low trochospiral -8 and high trochospiral - 9).

Milioline

Tubular chambers are spirally arranged, each chamber

being one-half coil in length.

The coil may be within a single plane (spiroloculine - 10),

or each successive chamber may be placed at an angle

from the previous one, leaving visible the three (triloculine - 11)
or the five (quinqueloculine) last chambers.

Discoidal
After a generally planispiral initial stage, annular chambers
divided into chamberlets are added within a single plane(12).

Complex morphology

The morphologies described above may combine into more
complex morphologies. For example, a triserial initial stage
may change into an uniserial arrangement during growth (13),
a spherical chamber may be added to a trochospiral test (14),
planispirally arranged chambers may be followed by uncoiled,
uniserially arranged chambers (15).

generally with an aperture, which is here at the end of a neck (1).

The unique chamber is a tube, which can be straight, planispirally

or three series (triserial -6). The aperture is on the last chamber.

the test being symetrical (planispiral - 7), or in three dimensions,

Figure 17

Most common types of chamber arrangements (from DEBENAY & DELLA-PATRONA, 2009).

arrangements, spiroloculine enrolments may be evolute
(Spiroloculina — fig. 18 F1) or involute (Pyrgo — fig. 18 F2). In
quinqueloculine enrolments, successive chambers are added at an
angle less than 180° (fig. 18 F3), and in triloculine arrangements
they are added at an angle more than 180° (fig. 18 F4).

The internal structure of the test may be very complex, resulting
from various patterns of addition of chambers, their subdivision
into chamberlets, and complex communications with each other.
This is particularly obvious in large discoid foraminifera (e.g.,
HorTINGER, 1978), but even small tests may reveal a complex
organization when they possess a canal system (e.g., BILLMANN

et al., 1980). The function of these structures in the biology of
foraminifera is still poorly known.

Various morphological adaptations of the test are known. As an
example, it is possible to mention two test morphologies inter-
preted as adaptations for conducting light to the internal algal
symbionts. In peneroplids, blunt ribs roughly parallel to the
periphery of the shell concentrate light by refraction, and symbionts
group in these areas of light concentration (fig. 19 A). In oper-
culinids, transparent pillars conduct light to the symbionts, even
in involute tests where the first coils are covered by following ones
(fig. 19 B).
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| Figure 18

More information on chamber arrangement.

A) planispiral involute;

B) planispiral evolute;

C) numerous domelike chambers added in successive layers,
alternating in position, with prominent radial spines;

D) somewhat irregular chambers separated by stolonlike necks;
E) chambers added in irregular cycles;

F) milioline arrangements:

1- spiroloculine evolute, 2- spiroloculine involute, 3- sigmoid,

4- quinqueloculine and 5- triloculine,

chambers are numbered and successive planes are indicated (blue);
white arrow = growth of the last chamber, green arrow = direction
of coiling. Scale bar = 100 pm.

Apertures

As shown above, foraminiferal tests are characterized by their
morphology and chamber arrangement, but they are also char-
acterized by their aperture, which allows the cell to communicate
with the exterior. Apertures may have a great variety of positions
on the test. Some of the common apertural positions are shown
in figure 20.

| Figure 19 Apertures also have a great variety of morphology, the role of

Adaptation of the test for conducting light to endosymbionts: S ps . s 1,
A) concentration of light by refraction through ribs of the test; which in the biology of foraminifera has to be elucidated. Some

B) conduction of light through transparent pillars. of these morphologies are illustrated in figure 21.



26 | A Guide to 1,000 Foraminifera from Southwestern Pacific: New Caledonia

Raisnad Crersnb Inlnhase

| Figure 21
Some of the morphologies of the test aperture. Scale bar = 100 ym.

| Figure 20

Some of the common positions of the aperture:
Terminal, at the end of the last formed chamber;
Interiomarginal, at suture between the distal wall
of the last formed chamber and the preceding coil —
basal, at the base of the distal wall in planispiral
and serial tests — extraumbilical, at the suture

of the last formed chamber on the umbilical side
of a trochospiral test, but not connected

with the umbilicus;

Interio-areal, near the base of the distal wall,

but not at the suture with the preceding coil;
Umbilical, located into the umbilicus;
Latero-marginal, at the periphery of the last formed
chamber, but slightly on one side of the test;
Areal, on the distal wall of the last formed chamber.
Scale bar = 100 ym.

Unfortunately, it was not possible, within the scope of this  UNMlhere and how to collect
guide, to provide more detailed information about test struc-  foraminifera

ture and morphology. The reader will find this information in

the “Illustrated glossary of terms used in foraminiferal — As indicated above (fig. 1), foraminifera tests are abundant in
research”  (HoTTINGER, 2006), also available online:  tropical sands. They can be easily observed and picked under a
<http://paleopolis.rediris.es/cg/CG2006_MO02/>. dissecting microscope. For small specimens, and if they are too
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rare to be picked from the gross sample, they can be concentrated
by selective flotation using sodium polytungstate solution, or
perchloroethylene, easier to get in local stores. The dry sand is
poured over the heavy liquid. Then the floating tests are collected
on filter paper and dried in an aired place. The number of tests
collected with this method is often amazing. After they have been
picked, they can be ordered in special microslides.

Observation of living foraminifera is easy when considering large
species that can be seen even by snorkeling. They are abundant
on sea grass (fig. 22), and large individuals can be found on the
sediment. The presence of detritus, gathered by the pseudopodia
around the test, indicates that they are living. Large foraminifera
are also visible by naked eye on coral rubble or shells, where they
can be quite abundant.

The observation of smaller species needs a dissecting microscope.
Some species are quite easy to observe, like Amphistegina radiata,
but most species constitute a cyst with the detritus gathered by the
pseudopodia. They live hidden in this cyst that is both a protection | Figure 22

and a nutritional reserve (fig. 23). In this condition, it becomes Living Marginopora vertebralis on sea grass

quite difficult to detect their presence. (the arrow indicates one of the tens of individuals).

Figure 23
Lobatula lobatula attached on Halimeda:
A) the cyst has been partly destroyed;
B) the cyst has been entirely cleaned off.






Foraminifera,

their distribution and bevahior

This part summarizes results obtained during a first comprehensive
study in the SW lagoon (1976-1979), and in a series of studies
carried out since 2006 in various parts of New Caledonia. For
ancient works, species names have been changed, when necessary,
in agreement with actual species concepts.

During the first studies, more than 800 samples were collected
over an area of about 3,000 km? in the southwestern lagoon and
on the southern shelf (fig. 2). Each was subjected to grain size
analysis, a general observation of sand grains under a dissecting
microscope, counting of the tests according to their nature in the
fraction 0.125-0.5mm, and a detailed specific analysis of
foraminiferal fauna in the fraction coarser than 0.5 mm. In this

fraction, one hundred and sixty eight species were found, and
their distribution over the 800 samples was examined.

Since 2006, several hundreds of samples were collected in
mangrove swamps, shrimp farms, in the deeper parts of the
northern lagoon and on the northern shelf (down to 700 m), on
macroalgae, and even within fish guts (fig. 24). The results of
these studies, published in several papers are summarized below,
together with unpublished data.

Sediment samples collected since 2006 were washed through a
series of three sieves with mesh size 2 mm, 0.5 mm, and 0.063 mm;
macroalgae were examined under a dissecting microscope for
observing attached foraminifera, then washed over the sieves for
collecting free-living species; gut contents of reef fish were observed
under a dissecting microscope. All the three fractions (> 2 mm,
0.5-2 mm, and 0.063-0.5 mm) were observed.
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| Figure 24

Location of samples collected since 2006: Concalis, samples from the northern shelf provided by B. Richer de Forges;
G. Cabioch provided samples from Surprise Island (d’Entrecasteaux reefs); macroalgae were provided by C. Payri; shrimp-farm samples
were provided by L. Della Patrona; mangrove samples were collected during several field trips, and provided by C. Marchand.



General distribution

The global contribution of foraminifera to the sediment has been
presented above (fig. 7). In the fraction > 0.5 mm, the species
richness appears to be related to oceanic influence with more
than 25 species on the southern shelf, near the passes, and in the
axis of the lagoon. The lower richness is found in the bays, with
fewer than 5 species in the bays of Saint Vincent and Prony.
Diversity provides consistent information on the impact of
marine influence with Shannon index above 3.5 in areas of higher
richness (fig. 25). This shows that foraminiferal assemblages are
sensitive to marine influence, and that they can be used to indicate
the areas of maximum marine influence on the bottom of the
lagoon. This information will be complemented below by the
observation of the distribution of some selected species.

Considering the nature of the test in the fraction coarser than
0.5 mm, hyaline tests are more abundant in bays, deeper depres-
sions and on the southern shelf while porcelaneous tests are
dominant in the external part of the lagoon and in the back-reef
zone (fig. 26) (DeBENAY, 19852, 1987). Agglutinated species are
less abundant and more irregularly distributed, from back-reef
areas to the southern shelf.
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This distribution is partly explained by the influence of depth and
mud content, as it can be seen on ternary plots (DEBENAY, 1988a).
Porcelaneous species are dominant in the shallower areas while
the proportion of hyaline tests increases with increasing depth.
The proportion of agglutinated species increases significantly in
the deepest samples. In the lagoon, porcelaneous tests are
dominant in sands (< 5% silt and clay) but, when mud content
increases, they are rapidly replaced by hyaline tests, which
become dominant (> 50%) when the proportion of silt and clay
reaches 25%. On the island shelf, where the mud content of the
sediment is often > 25%, hyaline tests are always dominant. The
proportion of agglutinated tests increases with decreasing mud
content.

This distribution also clearly appears along transects through the
lagoon (figs 27 and 28). The transects also show change in the
assemblages from north-west to south-east, with an increasing
proportion of hyaline species.

The distribution of foraminifera in the fraction 0.125-0.5 mm is
somewhat different with a higher proportion of agglutinated
species widely distributed in the lagoon, except in the bays and
on the southern shelf. Porcelaneous species are abundant in
back-reef areas and around patch reefs while hyaline species are
dominant in the bays and on the deeper parts of the southern
shelf (fig. 29).

oral Sea

| Figure 25

Species richness and diversity (Shannon index) of foraminiferal assemblages in the fraction > 0.5 mm (from DeBENAY, 1986, 1988a).

| Figure 26
Distribution of agglutinated, hyaline and porcelaneous foraminifera in the fraction > 0.5 mm (from DeseNaY, 1985a).
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As for the coarser fraction, this distribution is partly explained by
the influence of depth, as shown by a ternary plot (DEBENAY,
1986). Hyaline species are dominant in the shallower areas,
which correspond mostly to the bays. In the other samples, the
proportions of porcelaneous and agglutinated tests are similar,
with an increasing proportion of hyaline tests with depth. The
increase of mud content in the sediment also leads to an increasing
proportion of hyaline tests, but this trend is less obvious than in
the coarser fraction (DEBENAY, 1986).

| Figure 27
Location of the three transects.
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Figure 28
Distribution of foraminifera coarser than 0.5 mm along the three transects (from DEeBENAY, 1985a).
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Distribution of agglutinated, porcelaneous and hyaline foraminifera in the fraction 0.125-0.5 mm.

Distribution of selected species

The better represented species have been grouped according to
their location in the lagoon, on the basis of factor analyses
carried out on their relative abundance in several sets of samples
(DEBENAY, 19854, 1988a) (table 1).

These groupings, however, are of limited value due to the highly
complex environment, with an enormous variety of ecological
niches and of environmental parameters that are acting in this
wide carbonated lagoon with reefs, deep depressions and various
continental inputs. For example, the two dominant species in
bays: Flintina bradyana is dominant in the bays opening into
the lagoon while Operculina philippinensis (as O. barischi) is
limited to the bay of Prony and its vicinity. More detailed analyses
will be necessary to relate species to environmental factors that,
unfortunately, were not available at the time of this study.

The distribution of forty-seven, frequent enough species has been
mapped. Maps have been grouped according to the location of
the species, even if this grouping is debatable due to the high
complexity in the distribution of some species (figs 30 to 36). The

first set of maps concerns species found on the southern shelf, or
in the south-western part of the lagoon, subjected to marine
influence resulting from the prominent SE to NW drift of waters
and from penetration of marine waters through the passes (fig. 30).
Hyaline species are dominant, and species of Amphistegina are
well represented.

Other species are more widely distributed in the lagoon, but their
distribution areas are still connected to the southeast and/or to
the passes, which indicates, on the one hand, the influence of the
penetration of oceanic water on these species, and on the other
hand the areas of the lagoon subjected to oceanic influence
(fig. 31).

Another set of species is mostly distributed in the back-reef
area, or around patch reefs (fig. 32). They are dominated by
porcelaneous species.

The two most abundant species in the lagoon are Marginopora
vertebralis and Alveolinella quoyi, which are widely distributed,
together with a few species (fig. 33), while other species, also
distributed all over the lagoon, are present only in discontinuous
patches (fig. 34).

Southern shelf
Amphistegina papillosa
Ammobaculites reophaciformis
Nubeculina advena
Heterolepa praecincta
Neoeponides procerus
Placopsilina bradyi
Baggina indica
Lenticulina gibba
Lenticulina vortex
Pegidia dubia

Planulina ornata

High energy areas
Amphistegina radiata
Septotextularia rugosa

Depressions
Heterolepa praecincta
Elphidium craticulatum
Operculinella sp.
Spiroloculina communis
Operculina gaimardi

Bays
Flintina bradyana
Operculina philippinensis
Heterolepa praecincta
Elphidium craticulatum

Reef environments
Amphistegina lessonii
Textularia oceanica
Marginopora vertebralis
Spirosigmoilina bradyi
Schlumbergerina alveoliniformis
Sahulia barkeri

Coastal areas
Coscinospira hemprichii
Peneroplis pertusus
Peneroplis planatus
Textularia agglutinans
Triloculina tricarinata

| Table 1

Groups of species determined by factor analyses (from DEBENAY, 1985a, 1988a).
Bold = dominant species; small letters = accessory species.
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| Figure 30

Species from the southern shelf directly influenced by the open sea,

and from areas of the lagoon mostly under marine influence coming through SE reefs and passes.

As shown by the factor analyses (table 1), Flintina bradyana is
dominant in the bays that open into the lagoon. Its distribution
area also extends in the submarine valleys that prolong the bays
and in the adjacent depressions. Another species, Heferolepa
praecincla, has a similar distribution, but to the south of the
lagoon (fig. 35). Nummulites venusta is mostly found in the
depressions of the lagoon, together with other, most widely
distributed species.

Heterolepa praecincta is hardly found farther northwest than
Nouméa peninsula. Other species, such as Amphistegina radiata,
show the same tendency (fig. 30) while others (e.g.,
Pseudomassilina australis and Quingueloculina agglutinans)
have an inverse distribution, being hardly found farther southeast
than Nouméa peninsula (fig. 36).

The information given by the maps is synthesized in table 2.
This distribution, as it appears on the maps, results from the
combined influence of all environmental parameters. Among
them, the oceanic influence appears to have a prominent role.
Two other parameters are known to influence foraminiferal
assemblages: depth and grain size of the sediment, which are
somewhat interrelated due to decreasing energy with depth. Both
data were available and the distribution of the most abundant
and frequent species with depth and grain size was examined. For
graphing the distribution of species with these two parameters,
samples were grouped into classes with a class interval of 5 m for
depth, and of 5% for grain size. The frequency of each species
(% of samples where the species is represented) was calculated for
each class of samples.
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| Figure 31
Species widely distributed, but mostly connected to the SE open area and to passes.
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| Figure 32
Species mostly found behind the barrier reef and/or around patch reefs.
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Species widely distributed over the study area.
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| Figure 34
Species irregularly distributed in discontinuous patches.
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Species mostly found in bays and depressions.

Bay of Pasudamassiling simbralis  Bayof Chuirguiniocialing agplitinans
_I.Salnt Vincent _Saint Vincent
- Q,.a Présent [l _'\_-" C‘/_e Présent [l
T ’)ole » . & /70/@ »
& 72 % S -,
1 Q Q !
Nouméa Nouméa f
v 5 Prony \ Prony Ii
. . k A i
¢ G Ll AT
. S F ']
Coral Sea "t "1{«"H Cdral Sea et A
L | = A
ey, Lebdm
O L T | F] S TR
| Figure 36

Species mostly found to the NW of Nouméa.

Insular margin
Ammobaculites reophaciformis
Amphistegina bicirculata

Barrier reef and patch reefs
Amphistegina lessonii
Hauerina diversa

Amphistegina papillosa Marginopora vertebralis
Heterolepa praecincta Spirosigmoilina bradyi
Lenticulina gibba Quinqueloculina granulocostata

Neoeponides procerus
Nubeculina advena
Placopsilina bradyi
Reophax irregularis

Schlumbergerina alveoliniformis
Sorites orbiculus
Spiroloculina antillarum
Textularia oceanica
Triloculina tricarinata
Lagoon under oceanic influence
Acervulina mabahethi
Amphistegina papillosa
Amphistegina quoii
Amphistegina radiata
Calcarina hispida
Sphaerogypsina globula
Heterostegina operculinoides
Nubeculina advena
Operculina ammonoides
Operculina gaimardi
Pyrgo denticulata
Textularia conica

Wide distribution
Alveolinella quoii
Elphidium craticulatum
Marginopora vertebralis
Coscinospira hemprichii
Spiroloculina communis
Sahulia barkeri

Scattered species
Amphisorus hemprichii
Parasorites orbitolitoides
Peneroplis pertusus
Peneroplis planatus
Quinqueloculina parkeri
Textularia agglutinans
Textularia foliacea
Quinqueloculina arenata
Quinqueloculina neostriatula

Bays and depressions
Flintina bradyana
Heterolepa praecincta
Nummulites venosus

NW of Nouméa
Pseudomassilina australis
Quinqueloculina agglutinans

SE of Nouméa
Amphistegina radiata
Heterolepa praecincta

| Table 2

Species ordered following their distribution as it appears on the above maps.
Some species may appear in two environments.
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Distribution related to depth

Thirty species have a distribution strongly related to depth
(fig. 37). Shallow-water species, limited to the lagoon, are rarely
found deeper than 40 m: 7Zextularia pseudogramen,
Spiroloculina antillarum, Pseudomassilina macilenta,
Peneroplis planatus, Spirosigmoilina bradyi, Marginopora
vertebralis, Quinqueloculina neostriatula, Pseudomassilina
australis, Pseudobauerina orientalis, Amphisorus hemprichii,
Schlumbergerina alveoliniformis, Peneroplis pertusus, and
Flintina bradyana. Most of them are encountered on the
plateaus behind the barrier reef or around the patch reefs (e.g., .
bradyi and 8. antillarum [fig. 32]), but others are found in
shallow bays (e.g., F bradyana [fig. 35]). Some species are
found at intermediate depths: Alveolinella quoii, Nummulites
venosus, Amphistegina lessonii, Helerostegina depressa,
Anomalinella rostrata, and Operculina ammonoides. Other
species are rare in the lagoon, found only in the deepest areas:
Amphistegina quoyi, Helerolepa praecincla, Amphistegina
papillosa, Amphistegina radiala, Amphistegina bicirculata,
Lenticulina  gibba, Ammobaculites  reophaciformis,
Nubeculina — advena,  Helerostegina  operculinoides,
Neoeponides procerus, and Cycloclypeus carpenteri. These
species are found mostly on the southern shelf (fig. 30).
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| Figure 37
Distribution of species with depth
(from DEBENAY, 1988a).

Distribution related to mud content

Eighteen species have a distribution related to the mud (silt
and clay) content of sediments (fig. 38). Seven are primarily
associated with sand: Pseudomassilina macilenta, Textularia
agglutinans, Amphistegina lessonii, Spirosigmoilina bradyi,
Pseudomassilina  australis, Textularia oceanica, and
Schlumbergerina alveoliniformis. Eight are found in silty sand:
Quinqueloculina neostriatula, Pseudobauerina orientalis,
Alveolinella quoii, Amphisorus hemprichii, Operculina
gaimardi, Nummulites venosus, Amphistegina bicirculata
and Ammobaculites reophaciformis. Three species are more
abundant in silty clay: Lenticulina gibba, Placopsilina bradyi,
and Flintina bradyana. Typical species from sandy areas are
found on the indurated plateaus or around the patch reefs, e.g.,
Spirosigmoilina bradyi (fig. 32). Quinqueloculina neostriatula,
more irregularly distributed in the same area, can also be found
near the fringing reefs (fig. 34). Species present in silty clay can
be abundant on the deep island shelf, e.g., Placopsilina bradyi
and ZLenticulina gibba (fig. 30), or in the bays and the inner
lagoonal depression, e.g., Flintina bradyana (fig. 35).
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| Figure 38
Distribution of species with the proportion of silt and clay
(from DEBENAY, 1988a).



Foraminifera indicators
of water circulation

The distribution of several species led to the distinction of four
foraminiferal biofacies and to the partition of the studied area
into four zones from the southeast to the northwest, which were
interpreted as the result of decreasing oceanic influence, with a
major role of Nouméa peninsula (DeBenay, 1988b). The above
chapters show that the distribution of several species follows this
trend, with Heferolepa praecincla and Amphistegina radiata
that extend hardly farther northwest than Nouméa peninsula,
while Pseudomassilina australis and Quingueloculina agglu-
tinans have an inverse distribution, being hardly found farther
southeast than Nouméa peninsula (fig. 36). The hypothesis of
decreasing oceanic influence is further reinforced by the distribution
of planktonic tests in the 0.125-0.5 mm fraction (DeBENAY, 1988b).
Relatively abundant on the southern shelf, they rarely compose
more than 10% of the thanatocoenoses in the lagoon itself, but
are frequent in submarine depressions and valleys located
between Ouen Island and Nouméa peninsula, and connected to
the pass of Boulari. Northwest of Nouméa, their only distribution
area is connected to the pass of Dumbea.

This distribution is obviously related to low energy deep and/or
protected environments. It also indicates that surface oceanic
waters, which transport the planktonic tests, mainly come
through the scattered reefs located south of Ouen Island and are
pushed up to the Bay of Boulari. Most of the planktonic tests are
deposited before reaching Nouméa peninsula and its seaward
extending shallows. The connection of distribution areas with the
passes of Boulari and Dumbea indicates that surface waters also
penetrate through these passes. The water circulation deduced here
from the distribution of foraminifera is in good agreement with
the hydrodynamics described by Rougerie (in Ducas & DEBENAY,
1981b).

The distribution of several benthic species appears to be more
closely related to oceanic influence, and among them Gypsina
globula and Pyrgo denticulala are the most significant (figs 30
and 31). The distribution of their tests on the southern shelf, in
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| Figure 39

Marine influence, as shown by foraminifera,
mainly Pyrgo denticulata and Gypsina globula
(from DeBENAY, 1988b).
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connection with the passes, and even behind the barrier reef for
Gypsina globula, shows their dependence on oceanic inputs.
Comparison between their distribution areas, elongated and
curved to the NW, and the water circulation described by ROUGERIE
(1986) suggests that they are distributed along the trajectory of
subsuperficial oceanic water penetrating the lagoon through
passes (fig. 39).

The distribution patterns of foraminifera illustrate the double
water circulation prevailing in the lagoon (Roucerie, 1986).
Planktonic foraminifera, living in the open sea, are transported
into the lagoon by superficial water masses pushed toward the
NW, through the scattered SE reefs, by the SE dominant trade
winds. This constitutes the main penetration axis of oceanic
waters into the lagoon. On the other hand, benthic species are
under the influence of subsurface waters, that penetrate mainly
through the passes and circulate at the bottom of the lagoon.
Their distribution gives a clear picture of the impact of these
waters on the benthos, with a flow curved towards the NW by the
general drift that affects the external part of the lagoon, following
the external edge of lagoonal depressions.

Since foraminiferal tests will be preserved in the sediment, the
image of the double water circulation given by foraminiferal
thanatocoenoses will be fossilized. It shows how, in turn, fossil
foraminifera may provide a valuable tool for understanding
hydrodynamics of fossil lagoonal environments.

Foraminifera indicators
of sediment transport

As it has been discussed above, it is highly probable that only weak
postmortem displacement of tests occurs inside the lagoon, and that
the distribution of thanatocoenoses reflects the position of living
assemblages. In bays, however, strong river flows during storms
or cyclones may lead to seaward sediment transport, including the
transport of foraminiferal tests. In the Bay of Prony, a foraminifera,
Operculina philippinensis, is abundant in the fraction > 0.5 mm
where it can compose up to 65% of the assemblages. The tests are
generally well preserved and living specimens are frequent,
suggesting that this species lives in the bay (DeBenay, 1988c).
Outside the bay, eroded tests have been found, their relatively bad
preservation suggesting that they are allochthonous, presumably
transported out from the bay (fig. 40 left).

The distribution of the test, west and east of the entrance of the bay
can be explained by the strong alternating tidal currents through
Woodin channel and along the southern coast of Grande Terre.
The presence of tests on the deeper southern shelf, to the south,
suggests a gravity-driven sediment transport on the southern shelf,
down to deeper low energy areas. The last area of test deposition,
along the south-east coast of Ouen Island, indicates a southward
longshore transport. The distribution of silt and clay is consistent
with the sediment transport direction deduced from the distribution
of O. bartshi, and the combination of both sets of information
allows a better comprehension of sedimentary dynamic in front
of the bay (fig. 40 right). This approach should be of interest
owing to the Goro Nickel Mining Project that is developing in the
area and will require an extensive environmental assessment.
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| Figure 40
Sediment transport from the Bay of Prony (arrows),

deduced from the distribution of Operculina philippinensis (as O. batschi,
the color of the sediment, and the silt and clay content (from DeBENAY, 1988c).

At the time of redaction of this book, studies are in progress about
foraminifera living in estuaries, coastal lagoons and mangrove
swamps. A set of samples of foraminifera from mangrove swamps
were collected in 1997, and their distribution was used for a more
general study about foraminifera in paralic environments
(DEBENAY & GUILLOU, 2002).

Together with foraminifera collected in mangrove swamps of
Queensland (Australia), they allowed to establish a general sketch
of the foraminiferal zonation in these environments. Calcareous
species are dominant in the external part of the mangrove swamp
open to the sea, where Rhizophora grows (fig. 41). Among them,
Helenina anderseni is abundant in areas of low salinity. Inside
the mangrove forest, agglutinated species are dominant, with
mainly Arenoparrella mexicana, Haplophragmoides wilberti
and Caronia exilis, but in the hypersaline Avicennia zone,

¥iv  Harbacoous halophyies

Cicaanic snd membar

| Figure 41

porcelaneous miliolids (Quingueloculina seminuia), associated
with the tolerant hyaline Ammonia tepida, become abundant.
They are also dominant in small hypersaline pools of the salt
marshes. Jadammina macrescens and Trochammina inflata
are dominant in upper marshes. The change from the subtidal
microfauna to the fauna living on the marsh corresponds to a
water-to-land transition that is sometimes used, in fossil deposits,
for reconstruction of past sea level. However, this approach, which
seems highly reliable in temperate salt marches, is doubtful in
mangrove swamps (DEBENAY & GUIRAL, 2006).

A study was carried out in 2007-2008 with two objectives: 1) to
provide the first inventory of epiphytic foraminifera living on a large
number of well identified macroalgae (Rhodophyta, Chlorophyta,
and Phaeophyceae) in reefal environments; 2) to compare data

Schematic representation of foraminifera distribution in mangrove swamps.



from the same macroalgae collected in different settings in order
to enhance the knowledge of epiphytal foraminiferal ecology
(DEBENAY & PavrI, 2010).

A total of 152 species of epiphytic foraminifera were identified on
81 substrates (75 samples of macroalgae belonging to 55 species
and 6 samples of coral rubble) (fig. 42).

Only four of the 75 macroalgae were devoid of foraminifera. On
the other specimens, average density was 10 individuals per cm?,
with higher densities, whatever the depth, on thalli consisting of
a tridimentional network of branches or filaments (Gelidiopsis
intricata, Caulerpa cupressoides var. lycopodium, Melanthalia
concinna, Rhodomelacae and Sphacelariacea), as well as on the
flabellate Udotea geppiorum. Species richness, recorded by 7
situ counts on fresh thalli preserved in seawater (average = 9),
was the lowest on Sargassum spp. (< 5), and the highest on a
Distromium/Homeostrichus association (26). Fifty-five species
were recorded on the same sample after washing and sieving the
macroalgae.

| Figure 42

Examples of epiphytic foraminifera on their substrates.
Scale bar = 0.5 mm except for figure 4 where scale bar = 5 mm.
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When considering the entire dataset, the only strong relationship
(even if not a strict one) between macroalgae and foraminifera
was the presence of spinose rotaliids, soritids and Amphistegina
in filamentous thalli and three-dimensional mats. Apart from
this exception, the nature of the substratum is generally over-
shadowed by other factors such as light, depth and hydrodynam-
ics in governing the distribution of foraminiferal assemblages.
For instance, macroalgae that have a wide bathymetric range
harbor completely different communities at different depths.
Among them, thalli of Homeostrichus sp. collected at 30 and 60
m had only 3 of their 33 species in common, thalli of Halimeda
discoidea from 3 and 38 m had only 2 of their 27 species in com-
mon, and thalli of Udotea geppiorum from 1 and 24 m had only
3 of their 30 species in common. Typically observed were the
dominance of large symbiont-bearing miliolids or rotaliids at
shallow depths, the presence of smaller rotaliids at all depths, and
the occurrence of cryptic species adapted to shaded environments
in deeper samples.
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Comparisons of different types of macroalgae from the same depth
did not reveal any relationship between structural characteristics
of the macroalgae and foraminiferal communities. Geographic
origin appears to have a greater impact, as shown by the Q-mode
hierarchical clustering of selected foraminifera living on shallow
(0-3 m) macroalgae (Desenay & Pavri, 2010). Cluster 1 included
samples from coastal areas impacted by organic enrichment, and
cluster 2 samples were from areas of low anthropic impact off
Grande Terre. Clusters 3 and 4 group all the macroalgae collected
in the Chesterfield Archipelago, a high-energy oceanic atoll.

This study also reveals that some foraminiferal species might
have quite different life modes between environments and
regions. For example, Soriles orbiculus was considered to use
only a limited number of macroids with bare, flat surfaces in
Florida Bay and on the Great Barrier Reef (Fuyma & HALLOCK,
1999; LoBEGEIER, 2001), and to be permanently fixed to the blades
of macroalgae and seagrasses in Japan (Saraswarl, 2002). In New
Caledonia, it was found on a variety of substrata and appeared to
have the same free-living behavior as Marginopora and
Amphisorus. In accordance with the results of WiLson & Ramsook
(2007), this study also shows that temporal availability of the
substratum (e.g., seasonal growth of algae) might play a role.

During 2007-2008, a systematic investigation of foraminifera in
the gut contents of coral reef fish was carried out. It was the first
investigation on a large number of individuals: 247 fish, belonging
to 83 species (DEBENAY ef /., 2011). The objectives were to: provide
information on the ingestion and digestion of foraminifera by fish;
determine the impact of predation on foraminiferal assemblages;
determine if some fish species could be considered as selective
consumer of Foraminifera; determine if the consumption of
Foraminifera can provide significant biomass to fish.

The abundance of benthic Foraminifera in marine environments,
where they are often major contributors to meiofaunal biomass
(Murray, 2006), makes them a potential food source. Some
predators have been identified, including nematodes, poly-
chaetes, mollusks, echinoderms, arthropods and fish. However,
most are incidental predators that ingest foraminifera together
with their food (e.g., deposit feeders, herbivorous), and little is
known about selective predation of foraminifera. The presence of
foraminifera in the gut of coral reef fish had already been inci-
dentally reported, but only two systematic studies had been carried
out (Topp, 1961; Lipps, 1988). Based on a small number of fish,
they mostly detected incidental predation. One study, however,
reported a noticeable contribution of foraminifera in the diet of a
nocturnal surface-feeding fish (Hosson & Chess, 1973).

During the study reported here (DEBENAY eZ ail., 2011), 291 species
of Foraminifera were identified from more than 20,000 specimens
examined. The only significant nutritional input from
Foraminifera to fish was given by the planktonic 7refomphalus
phase of some benthic species (fig. 13), which was selectively
ingested by Pomacentrus amboinensis. This territorial fish
protects its territory against other fish, allowing foraminifera,

mostly Gymbaloporetta to grow in the algal turf (fig. 43 left).
Before reproduction, individuals of this foraminifera genus reach
their 7refomphalus phase by constructing a float chamber, and
then becoming planktonic (fig. 43 right).

The fish feeds by combing the protected algal turf with its teeth,
catching the small organisms (including Foraminifera) that live
in the filamentous thalli. As it feeds during the day, the
Trelomphalus are collected before becoming planktonic, at night.
As the individual biomass provided by Foraminifera is very small,
a great number of individuals must be ingested to provide a
significant nutritional input. An average of 1,600 tests was found
in the digestive tract of the three individuals of Pomacentrus
amboinensis studied, which represents about 0.025 g of biomass
(fig. 44 left). However, the diet of the fish also comprises other
organisms, such as worms (fig. 44 right), and seasonal studies
will be necessary to determine how Pomacentrus amboinensis
adapts to the seasonal changes in its feeding resources, since the
production of 7refomphalus is seasonal.

Sediment feeders, which accidentally ingest great quantities of
empty tests (up to 4,000 in a fish gut), have no impact on the
foraminiferal population, but play a prominent role in the dis-
persion of empty tests. They may introduce significant changes
in the thanatocoenoses, potentially introducing some bias in
paleoenvironmental interpretations. Incidental predators of living
foraminifera are either herbivorous, which do not digest the
foraminifera or carnivorous, which ingest and digest insignificant
foraminiferal biomass. Foraminifera, still living after their transit
through the digestive tract of herbivorous fish, are defecated with
a significant effect on the dispersion of living individuals over
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| Figure 43
Cymbaloporetta growing in an algal turf, at its benthic stage
and at its Tretomphalus stage (from DEBENAY et al., 2011).



Accumulation of Tretomphalus

Accumulation
of worm remains

| Figure 44
Top: Tretomphalus collected in the gut of P. amboinensis;
bottom: digestive tract of a specimen of P. amboinensis.

larger areas. Such dispersion probably plays a major role during
the seasonal periods of growth of algae and seagrass, and the
subsequent colonization by epiphytic communities. Garnivorous
fish ingest a small number of tests, which are generally altered by
the acidic phase of digestion and have no impact on foraminiferal
assemblages. The selective predation does not seem to significantly
impact upon foraminiferal populations. Even if 7refomphalus spp.
are selectively preyed on, the populations of their epiphytic benthic
phases (Rosalina, Neoconorbina and Cymbaloporetta) are still
highly abundant (DeBeNay & Pavri, 2010) and do not show any
negative impact of predation.

Morphological abnormalities in foraminiferal tests have long been
reported, and considered as related to environmental stress, with
emphasis on pollution. Both organic and inorganic (mostly heavy
metal) pollutants are often suspected to have a major impact on test
deformation. Conversely, authors dealing with this topic consider
that foraminiferal abnormalities are potentially valuable indicators
of pollution, despite the uncertainties still existing about the rela-
tionship between the level of morphological abnormalities and
the nature and magnitude of pollution. These uncertainties result
mostly from the fact that the response of foraminifera to stress from
highly changing natural parameters such as salinity, temperature
or pH superimposes onto the impact of pollution.
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Shrimp farming often produces a flow of effluent, containing
feces, uneaten feed and a large number of chemicals that are
used to prevent and treat infections. It contributes to serious
organic and chemical pollution of water and bottom sediment in
the surrounding environment, but also leads to self-pollution
problems in pond production.

Semi-intensive shrimp farming is widely distributed along the
west coast of New Caledonia Main Island (Grande Terre).
Seawater pumped from the nearby ocean filled the ponds at the
beginning of the growth cycle. Its daily renewal varies with
increasing shrimp biomass, from 0% to 30% per day, keeping
salinity between 32%o and 39%. and supplying the ponds with
smaller, mostly juvenile, foraminifera. The growing cycle lasts
about four months. Shrimp postlarvae are introduced at a density
of 18-20 individuals m? about two weeks after the ponds have
been filled, and are fed with pelleted food that comprises 0.025%
of mineral premix (Zn sulfate, Mn sulfate, Cu sulfate). Feeding rates
range from about 6 kg per ha per day at the time of introduction
of post larvae to about 60 kg per ha per day before shrimp harvest.
Chemicals such as Copper compounds (elimination of external
protozoans and filamentous bacterial diseases in post-larval
shrimps), formalin (antifungal agent and control of ectoparasites),
or antibiotics are not used, contrary to what is generally done.
Nevertheless, the risk of environmental- and self-pollution by the
accumulation of organic matter exists, and an impact assessment
is needed outside the ponds, as well as inside.

A study using foraminifera as bioindicators is actually in progress,
in mangrove swamps receiving effluent from a shrimp farm.
Another study was carried out in 2006-2007 in three selected
shrimp farms with different characteristics. Sediment samples
were collected weekly at ten stations during a whole growing
cycle. This study showed how foraminifera colonized the ponds
(DEBENAY ef al., 2009a), and how foraminifera are impacted by
organic accumulation (DEBENAY e/ al., 2009b).

The pioneering species are Ammonia lepida (dominant species)
and Quinqueloculina seminula, which appeared a few days after
the initial filing and increased during the first 10 weeks, due to
their high reproduction rates. Their populations then stabilized
due to drop of redox and consumption by shrimp. Only a few
colonizers subsequently appeared despite the high rate of water
renewal, which was attributed to the isolation of the pond.
Despite the number of environmental parameters measured, only
oxygen and reactive organic matter correlated with the microfauna
on a weekly timescale. Ammonia tepida was the most tolerant of
organic influx, but its relative abundance dropped once the
organic matter flocculated and settled, leading to disoxic conditions
in the sediment. Conversely, Q. seminula was able to climb
through the floc and reach the oxygenated layer, where its relative
abundance increased (DEBENAY ef al., 2009a).

The most remarkable feature was the proportion of abnormal
foraminiferal tests collected in the shrimp ponds of New
Caledonia (fig. 45). It exceeded what had ever been reported from
other areas subjected to pollution or environmental stress, often
exceeding 50% and even 80% (DEBENAY e/ al., 2009b).

Previous studies that also reported high rates of test abnormali-
ties sometimes suggest the role of organic matter as responsible
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| Figure 45

Foraminifera from shrimp ponds

1-2: Ammonia tepida, spiral side,

1) normal test, 2) abnormal test;

3 Ammonia tepida, complex abnormal test;

4-5: Elphidium excavatum, 4) normal test, 5) abnormal test;
6-7: Caronia exilis, 6) normal test, 7) abnormal test;

8-10: Quinqueloculina seminula, 8) normal test, 9) abnormal test,
last chambers making less than half a whorl,

10) abnormal test, last chamber making more than half a whorl.
Scale bar = 0.1 mm (from DEBENAY et al, 2009b).
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| Figure 46
Boulari and Sainte Marie bays: location map; distribution maps of silt and clay, and Ni, indicative of river input;
distribution maps of the diversity index of foraminiferal assemblages, porcelaneous species and Ammonia tepida.

for increased abnormalities. In this study, it appeared that the
nature of organic matter rather than its quantity acts on test
abnormalities. Reactive organic matter deposited on the bottom
of the ponds (e.g., dead algae, shrimp faeces and feed residues),
which comprises most of Easily Oxidized Material and induces a
high oxygen demand, appears as the most likely responsible for
the high proportion of deformed tests. This finding should help
in better management of aquaculture ponds, foraminifera being
used as early warning bioindicators for noxious effects of the
accumulation of Easily Oxidized Material, before it leads to
shrimp mortality.

At a human scale

A 54 cm long core was collected in the Bay of Sainte Marie,
adjacent to the town of Nouméa, in order to investigate human
impact on sedimentation rates, inputs of contaminants due to
mining activity, and the impact of urbanization on this coastal
environment (DEBENAY & FERNANDEZ, 2009). The area selected is
subjected to urban effluent, and to the input of sediments and
brackish water that are transported by wind-driven currents from
the estuary of the Coulée River (FERNANDEZ e/ l., 2006). During the
1950's, open-cast mining exploration for nickel led to an increasing
input of heavy-metal-rich terrigenous particles in the bays near
Nouméa. Simultaneously, the population of Nouméa increased
dramatically, which may have impacted the neighboring bays.

In surface samples, corresponding to the present conditions,
sedimentary inputs from the Coulée River clearly appear in the
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distribution of silt and clay, and Ni content (fig. 46). The influence
of the river on foraminiferal assemblages can be seen in a lower
diversity in front of the estuary, and a lower proportion of porce-
laneous tests in the Boulari Bay. The proportion of Ammonia
tepida, known to be tolerant to adverse conditions, including
organic and chemical pollution, and to fresh water input, increases
towards the mouth of the Coulée River. In Sainte Marie Bay, high
relative abundances of A. #epidia are associated with organic matter
content close to or over 20%, which may be (at least partly) related
to the sewage origin of labile organic matter.

Sediment accumulation rates were determined from the decrease in
excess 219Pb radioactivity (fig. 47). Two linear regressions of excess
210ph versus accumulated sediment yield different sedimentation
rates and allow this major environmental change to be dated at
1956 =+ 5 years taking into account the overlaying potentially
bioturbated layer. In the core samples, the strengthening impact
of terrigenous loadings from La Coulée River upward is revealed
by an increasing proportion of silt and clay, and of Ni (fig. 47). The
concomitant increase of organic-bound Zn results from the growth
of Nouméa city with an extensive use of galvanized corrugated
iron roofs.

On the basis of the observations on recent sediment, and of previous
knowledge about foraminiferal behavior, the trends expected for
foraminiferal assemblages were: a progressive decrease of species
diversity, a concomitant decrease of porcellaneous tests, and an
increase of A. fgpida, correlative with increasing contamination.
The exact opposite trends were found instead (fig. 47), indicating a
change towards less restricted environmental conditions, i.e. under
stronger marine influence and lesser freshwater and pollutant
impact.

210pB Silt Ni Zn
and Clay

LN(Val-Bdf) (mg kg™ (mg kg™

Density
(nb individuals)] Weaver |porcelaneous| Ammonia

20,000
40,000
60,000
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These paradoxical results may be explained by the partial closure
of the connection between the Bay of Sainte Marie and the Bay of
Boulari by embankments and sediment accumulation. The
resulting decrease of the water input from the Bay of Boulari, and
consequently from the Coulée River, led to a decrease of freshwater
influence and a correlated increase of marine influence in Sainte
Marie Bay. The extension of Nouméa city that was accompanied
by improvement of the sewage system, a better control of the
runoff, and embankments in coastal marshes led to a decrease of
freshwater and pollutant inputs and enhanced this process.

Even if the correlation is doubtful, due to the uncertainties in the
sedimentation rates, major rainy events that took place in
Nouméa since 1940 are correlated with an increase of Haynesina
depressula, a species tolerant to low salinity. It is inferred that
H. depressula indicates a stronger freshwater impact in the Bay
of Sainte Marie.

Finally, the general trend (that can be divided into four main
stages) may be explained by both changes in anthropogenic
influences and natural conditions (DEBENAY & FERNANDEZ, 2009). This
study showed that anthropic activities, associated with climatic
events, may have multiple and contradictory impacts on coastal
environments that could be assessed only by a set of complementary
tools (7.e. geochemistry and bioindicators)

At a geological scale

Foraminifera were part of a multiproxy analysis of three littoral
cores from western New Caledonia (WiRrRMANN e a/., 2011). This
study showed that, since the late Holocene sea-level rise, the main
controlling factors of environmental changes were sea-level
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| Figure 47

Changes in chemical and foraminiferal parameters along the core N12 in Sainte Marie bay

(modified from DEBENAY & FERNANDEZ, 2009).
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change, ENSO variability and extra-tropical phenomena, such as
the Medieval Warm Period (MWP) marked by a tendency for La
Nifia-like conditions in the tropical Pacific.

The foraminiferal assemblages, which were mostly represented in
one of the cores, are typical of coastal bays subject to alternating
variable inputs of freshwater and seawater. They contributed to
the results of this study by giving indications on sea-level changes
(fig. 48).

At the base of the core, the foraminiferal assemblage is dominated
by Ammonia tepida and Bolivina striatula, characterizing
coastal environments subject to the influence of continental waters.
The lack of foraminifera between 185-165 cm together with the
absence of thecamoebians suggests a drying out of the water body.
Between 160-90 cm, the noticeable proportion and the variety of

Simplified Number Species richness
lithology of tests
core G4 50 cm3
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em0°© P 0 10 20 30 0 20 40 60
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Quinqueloculina spp. and Elphidium spp. indicate a noticeable
marine influence in an open bay. The lack of foraminifera
around 85-80 cm suggests a drying out of the water body. The
presence of gypsum in the sediment is consistent with this
hypothesis. In the section 80-35 cm, an organic-rich sediment
containing rare fragments of foraminiferal tests dominated by
Ammonia lepida with a few Quinqueloculina spp. indicates a
separation from the sea. It could represent a eutrophic brackish
pond, but reworking of tests from underlying sediments is also
possible. Among this section, the abnormally rich assemblage
with marine species, between 70-65 cm, indicates a landward
transport of sediments presumably due to a cyclone or a tsunami.
This event is consistent with the observation of an extreme event
in the south of the Grande Terre dated around 4,000 cal yr BP
(STEVENSON ef al., 2001).

10 20 30

Ammonia tepida

%) Bolivina striatula

| Figure 48

Haynesina depressula
Murraynella globosa

SPPoPO9C9oeoT

Changes in foraminiferal assemblages along a core extracted on the western coast of the Grande Terre

(adapted from WIRMANN et al., 2011).






Taxonomy

The main purpose of this guide is to illustrate with SEM and light
microscope photographs most of the species found hitherto
around New Caledonia, and to allow consistent identification of
the taxa.

The guide illustrates and describes 1,043 taxa. Among them,
665 had not been reported around New Caledonia before the
compilation published in 2007. They are marked with a + in the
taxonomic list. Two new species are described: 7riloculina
elongotricarinala and Hoeglundina neocarinata, a new
species name is proposed for Calcarina exuberans, and a new
genus name is proposed for Quirimbatina rimosa instead of
Mimosina rimosa. More than 140 taxa have not been determined
at a specific level and are recorded under open nomenclature. A
high proportion of them are presumably new species, but more
specimens are needed before proposing new species names.
Including the 158 species reported before this work, and not
found during this study (noted in bold and marked with a * in
the taxonomic list), the number of benthic foraminifera species
found hitherto around New Caledonia reaches 1,201. Some of the
previously reported species have been synonymized with species
illustrated here. Their name is indicated between square brackets
in the taxonomic list. Other previously reported species could
probably be synonymized, such as Borelis pulchra d’Orbigny
with Borelis schlumbergeri (Reichel), or Alveolinella boscii
Defrance with Alveolinella quoii (d’Orbigny), but illustrations
often lack and comparisons are not possible.

Most of the species collected in New Caledonia had been reported
from the central and western Pacific, and/or the Indo-Pacific area.
Species from these areas are figured in several studies of taxonomic
importance from Australia (e.g., CorLins, 1958; Baccaert, 1987,
YassiNT & JonEs, 1995; PARKER, 2009), New Zealand (e.g., HavwarD
et al., 1999, 2010), Sahul shelf and Timor sea (LoEBLICH & TAPPAN,
1994), Papua New Guinea (Haig, 1988), South China sea (SZARECK,
2001), East China (Zuene, 1979, 1988), Japan (e.g., Uyt, 1990,
Harma & Upiig, 19924, b). They are also figured in other studies, for
example, from Solomon Islands (Huches, 1977), French Polynesia
(LE CAIvEZ & Satvar, 1980, VENEC-PEYRE & SAIvat, 1981; Biccnr ef al.,
2002), the Maldives (PARKER & GISCHLER, 2011). Some species had
been reported from remote areas, such as the spectacular
Quinqueloculina erinacea Mikhalevich, reported from the
tropical Atlantic (MikuatevicH, 1983; thanks are due to VI
Mikhalevich for checking this species), or Rolaliammina

siphonata (Seiglie), reported from Venezuela. It shows that some
species have a high dispersal potential, while others have not
(e.g. BiccHr ef al., 2002; PARKER & GISCHLER, 2011).

How is the guide organized?

The mode of presentation aims to facilitate the identification of
foraminiferal species, even by non-specialists. In this objective,
species are not presented in accordance with the usual classification
of foraminifera, which would be obscure to non-specialists,
but they are grouped on the basis of (1) the nature of the test
and (2) the dominant morphological feature as it appears at first
sight. The nature of the tests remaining the major criterion,
sections are devoted to each of the main type of test: agglutinated,
porcelaneous, and hyaline. In each section, species are arranged
in alphabetical order.

In order to facilitate a preliminary determination, a photographical
summary is provided. The name indicated near the pictures allows
the reader to get, v7a the alphabetical index, to the description of
the species. Each species is illustrated by SEM pictures, supple-
mented by light microscope photographs when observations
through the transparent test are useful. Brief descriptions of
external morphological characters are given to assist in the
correct identification of species and its generic placement. As often
as possible, the description is directly based on the original type
description, or on a publication that has referred to the original
description and figures. Even if some illustrations may slightly
differ from the description, due to intraspecific or ecophenotypic
variation, the descriptive information has not been altered, since it
would be very useful having all of the descriptive information at
hand to check identifications when using this book as a guide, as it
is intended. Information is also given on the ecological distribution
of the species, but it must be considered as merely indicative since
it is based on a very heterogeneous set of data: for example, the
distribution of shallow larger species have been investigated
over 800 samples, deeper species have been collected in about
10 samples. After the name of each species, is given the page
number where the systematics of the species can be found. It has
been separated from the description in order to lighten the
presentation for non-specialists. Supra specific descriptions (e.g.,
genera, families) are not given in this guide since they can be
found in Losrich & Tappan (1988) or on the site of the geological
survey of Iran: http://www.gsi.it/Product/Lang_en/Page_48



At the end of the Taxonomy section, the taxonomic list mostly
follows the suprageneric classification of LogsLicH & Tappan (1992).
Agglutinated foraminifera, however are classified following
Kaminskr (2004), except for the subfamilies Carterininae and
Zanineltinae, both considered as families and grouped in the
order Carterinida. Generic assignments are mostly based on the
concepts of LoesLicH & Tappan (1988), taking into account some
specialized works such as PartersoN & RicHarpsoN (1987) for
unilocular forms, Nomura (1983) for Cassidulinidae, HaywarD
et al. (1997) for Elphidiidae, Revers (e.g., 1991, 1992, 1993, 1996)
for various groups, and following Parker (2009) in including
Affinetrina, Agglutinella, Cycloforina, Lachlanella, Praemassilina,
Siphonaperta, and Varidentella into Quinqueloculina. The
thorough discussions provided by this author about the taxonomic
attribution of most of his 404 species were also very useful. The
list of synonymies is provided with up to four references for each
species (except a few species that needed a little more), including
reference to the original type description, and publications that
have illustrated the species.

How to use the guide?

First, the nature of the test must be determined. The characteristics
of each type of test are described above (fig. 15), but observations
must be careful since nature is never as simple as we would like
it to be: hyaline tests that are generally transparent and shiny
when the foraminifera is living, may become milky-white and
nearly opaque after death. On the other hand, porcelaneous tests,
usually milky-white and opaque may be thin and translucent,
particularly in paralic low-pH environments. Consequently, it is
sometimes difficult to make the difference between hyaline and
porcelaneous tests (fig. 49).

Agglutinated foraminifera with brownish organic cement are quite
easy to recognize, but agglutinated tests with calcareous cement may
be difficult to distinguish from porcelaneous tests that are covered
with a surface layer of arenaceous material. Generally, however,
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the milioline arrangement of the porcelaneous species makes the
distinction easy, except two particular cases: 1) Nubeculina
adpena, a porcelaneous species can be difficult to distinguish from
some rectilinear agglutinated tests such as Reophac if its porce-
laneous neck is not well developed (fig. 50); 2) Miliammina spp.
have a milioline arrangement, as Quinqueloculina spp., and
may be confused with the species of Quinqueloculina that bear
agglutinated material, particularly in SEM pictures (fig. 51). The
distinction can be done by the agglutinated tooth of Miliammina,
and the brownish color of its cement when the observation is
done under a dissecting microscope.

| Figure 50

1 Reophax, an agglutinated foraminifera;
2 Nubeculina, a porcelaneous foraminifera
with a coating of agglutinated grains.
Scale bar = 100 ym.

| Figure 49

1 Typical white and opaque porcelaneous test;

2 Translucent porcelaneous test;

3 Typical transparents and shiny hyaline test;

4 Whitish and translucent hyaline test. Scale bar = 100 pm.
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| Figure 51

Foraminifera with a milioline arrangement

of chambers:

1 Quinqueloculina, a porcelaneous foraminifera
with a coating of agglutinated grains;

2 Miliammina, an agglutinated foraminifera.
Scale bar = 100 pm.

When the nature of the test has been recognized, a preliminary
determination of the species can be made using the photographical
summary. The summary is organized in sections: the first one for
agglutinated tests, the second one for the porcelaneous tests. The
very diversified hyaline species are presented in different sections
based on the dominant morphological feature, and grouping
respectively unilocular, uniserial, biserial, triserial, trochospiral
and planispiral tests, or tests with different arrangement, but

appearing so at first sight. The tests of some species have complex
or obscured architectures and cannot be placed in either of the
above groups. A specific section has been devoted to these species.
Comparing the studied species with the illustrations displayed in
the summary will allow a preliminary identification. The validity
of this identification will be confirmed or not by consulting the
description that can be reached through the alphabetical index of
taxa at genus and species level.

The scale bar on each photo (0.1 mm) helps in comparing the
species. Taking into account the size of the test is particularly
important when the morphology changes during the growth
(ontogeny). An example may be given by Nummulites venosus.
Adult tests of this species are almost involute with smooth surface
and sutures limbate, very slightly raised (fig. 52C) while young
specimens are more evolute, have a rough surface and sutures
strongly raised (fig. 52A).

What might be puzzling
to specialists and non-specialists?

The classification used in this guide, based on the morphology as
it appears at first sight, is believed to facilitate the determination of
species for non-specialists, even if it may lead to some contradictions.
For example, the species of Amphistegina, which are lenticular and
generally appear symmetrical, are classified as planispiral, while
they really are low trochospiral. Similarly, the symmetrical evenly
flattened sides of the species of Nonzionoides give the impression
that the coiling is planispiral while it is low trochospiral. Conversely,
the test of Conzicospirillinoides is planispirally enrolled, but the
wall, extending on one face into a high spiraling band surrounding
adeep umbilical depression, results in a dissymmetrical test. It gives
the impression of a trochospiral coiling, justifying the placement
of this genus in the section “Hyaline species Trochospiral (or
appearing so)”.

| Figure 52
Growth of Nummulites venosus:
A juvenile; B dissected adult showing a younger stage corresponding to a previous whorl; C adult.



The following example shows that serious ambiguities still exist
in foraminiferal classification. The gamonts of some species of
the Rosalinidae (simple trochospiral tests) and Cymbaloporidae
(a trochospiral stage followed by annular series of chambers)
develop a subhemispherical final float chamber and adopt a
planktonic stage of life (fig. 13). The genus Trefomphalus
was originally proposed by Mogsius (1880) for species that
differed from “Discorbina” (forms with a simple trochospiral
test) only in possessing the float chamber. The type species was
T bulloides = Rosalina bulloides d’Orbigny, 1839 (BANNER
el al., 1985).

The inflated float chamber was such a conspicuous feature of
the test of 7refomphalus that subsequent identifications have
been mostly based upon it, including in this genus species of
Rosalinidae as well as species of Cymbaloporidae. Cusnvan
(1934) recognized two groups of species, one with a trochospiral
coiling, very definitely connected with “Discorbis”, and the other
that would probably be described as Cymbaloporetta in the early
stages. Despite that, there is still much confusion about
Tretomphalus, all the more that Lt Cawez (1977) illustrated
Rosalina bulloides (= Tretomphalus bulloides) with specimens
that were not topotypes, and that were Cymbaloporidae with a
balloon chamber instead of Rosalinidae. More recently, BANNER
et al. (1985) grouped the species with a float chamber into
four taxa depending on the chamber arrangement of the coiled
portion, and on the structure of the float chamber. Two (two
subgenera) belonged to Rosalinidae: Rosalina (Trelomphalus)
and Neoconorbina (Tretomphaloides); and two (one genus and
one subgenus) belonged to Cymbaloporidae: Gymbaloporetta
and Cymbaloporetta (Millettiana). Havsin and Revers (1992)
suggested that the float chamber is not a taxonomically valid
characteristic. They considered 7refomphaloides a junior
synonym of Neoconorbina and Tretomphalus a junior synonym
of Rosalina. Parker (2009) suggested reinstating 7retomphalus
for Rosalina-Neoconorbina-like species that develop a float
chamber with 7refomphaloides as a junior synonym. He observed
that the apertural position in these species, inset slightly from the
periphery, is intermediate between Neoconorbina and Rosalina.
This short summary about the status of 7refomphalus clearly
shows that only future studies that combine lifecycle studies with
morphological and molecular systematics can truly resolve this
issue.

Actually, only the planktonic stage of Millettiana milletti
(Cymbaloporidae) is easily distinguished from other species
with a float chamber due to its vermicular overgrowths and
irregularly positioned pores. Its benthic stages have thickened,
limbate sutures on the spiral side and chambers are mushroom-
shaped on the umbilical side. Other species with a float chamber
have been tentatively attributed to species of Neoconorbina
(trochospiral hyaline forms) or Cymbaloporetta (other hyaline
forms) on the basis of only morphological characteristics of the
coiled portion.

This example, which is not unique in Foraminifera, shows that
a substantial improvement of nomenclatorial stability is still
necessary.
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Photographical summary

Agglutinated species

The 174 agglutinated species are presented on three pages
(plates 1 to 3). They are arranged in order of increasing
complexity of the tests. First are the unilocular tests: tubular
rectilinear, tubular coiled, flask-like and subspherical. The
following plurilocular tests are successively:

— uniserial throughout;

— mostly uniserial but with a different initial portion either
biserial, triserial or spiral;

— biserial throughout;

— mostly biserial but with a different initial portion either triserial
or spiral;

— triserial throughout;

— trochospirally coiled;

— planispirally coiled;

— with a milioline arrangement;

— trochospiral, but with a particular test made up of agglutinated
spicules.

The last species have irregular attached tests, the morphology of
which greatly depends on the substrate.

Porcelaneous species

The 233 porcelaneous species are presented on five pages
(plates 4 to 8). Owing to the complexity of this group, morpho-
logical subgroups have been made. They are successively:

— spiral, surface smooth or slightly ornamented;
— discoidal;

— elongated, mostly rectilinear;

— planispiral, elongated along the axis of coiling;
— planispiral, then uncoiled, striate;

— milioline, then spiral, a few chambers per whorl, later may be
uncoiled, aperture simple;

— milioline, then spiral, a few chambers per whorl, aperture mul-
tiple, a trematophore;

— milioline, then spiral, two chambers per whorl or more than
two chambers per whorl;

— planispiral evolute;

— planispiral involute;

— triloculine;

— quinqueloculine, test smooth or moderately rough;

— quinqueloculine, test ornamented;

— quinqueloculine test striate / costulate;

— cryptoquinqueloculine;

— quinqueloculine, test agglutinated or distinctly rough;
— milioline with apertural flap;

— milioline, more than 5 chambers visible;

— attached or irregular.
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Spiral, surface smooth or slightly ormamented
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Porcelaneous species. Scale bar = 0.1 mm.
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Quingqueloculine, test ornamented

£
£
S
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| Plate 7
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| Plate 8
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Hyaline unilocular species

The 128 hyaline unilocular species are presented on two pages
(plates 9 and 10). They are arranged roughly in the following
order:

— test compressed, flask-shaped, the aperture produced, rounded,
with or without a neck;

— test compressed, subcircular to ovate in side view; aperture
symmetrical, flush or slightly produced, with or without lips;

— test compressed, subcircular to ovate in side view; aperture
asymmetrical, flush or slightly produced, with or without lips;

— test globular, circular in cross section, with a very short neck,
surface ornamented by longitudinal costae;

— test elongate circular in cross section, with a long cylindrical
neck, surface smooth or ornamented by longitudinal costae;

— test compressed, subcircular to ovate in side view; aperture
produced on a lipped neck;

— test elongate circular in cross section, with a long cylindrical
neck, paired costae separated by a deep depression subdivided by
bridges into oval segments;

— test globular circular in cross section, with a very short neck, if
at all, surface ornamented by a reticular pattern of costae;

— test globular, the apertural end somewhat truncated.

The last species are plurilocular, but generally appear as if they
were unilocular and for this reason have been grouped with
unilocular species.

Hyaline uniserial species

The 50 hyaline uniserial species are presented on one page
(plate 11). Most of the species are typically uniserial, elongated,
rectilinear or slightly curved. However, are also included in this
group some tests with particular characteristics:

— chambers strongly overlapping, the last chamber occupying
most of the test surface;

— test compressed with chambers increasing rapidly in width
giving the test a flabelliform shape;

— initial portion with a different arrangement, mostly planispiral.

Hyaline biserial species

The 53 hyaline biserial species are presented on one page
(plate 12). Most of the species placed in this group are obviously
biserial, with typically the two series of chambers.

The non-typical species have:

— a test biserially arranged, but simultaneously twisted (e.g.,
Fursenkoina),

— an early portion typically biserial, but later chambers
becoming cuneate and tending to be uniserial (e.g., Sugrinella,
Siphouvigerina);

— a very low trochospiral test that appears as if it was biserially
arranged (Krebsina).

Hyaline triserial species

The 28 hyaline triserial species are presented on one page
(plate 13). In all the species placed in this group, the triserial
arrangement is dominant and clearly observed, even if the last
chambers of some species are more loosely arranged, tending to
become biserial, or even uniserial.

Hyaline trochospiral species

The 181 hyaline trochospiral species are presented on five pages
(plates 14 to 18). Typically trochospiral species have been tenta-
tively grouped on the basis of the following criteria:

— tests very transparent, shiny due to their composition made up
of a unique crystal of calcite; the whole test or at least its initial
stage made up by an undivided coiled tubular chamber that
may be asymmetrically planispiral (e.g., Conicospirillinoides),
low trochospiral (e.g., Mychostomina), or high trochospiral
(e.g., Patellina);

— tests with the umbilical face ornamented with radial rows of
granules (e.g. Pileolina, Glabratella);

— test low trochospiral with flattened umbilical face (e.g. Ammonia,
Neoconorbina);

— spiral side partially involute (e.g., Pseudononion),

— surface of the test with depressed, thinner areas (e.g.
Mississippina),

— chambers increasing rapidly in size as added in a flaring
trochospiral coil (e.g., Cancris);

— spiral side flattened and umbilical side convex (e.g., Planulina,
Cibicides);

— test biconvex (e.g. Hoeglundina),

— aperture surrounded by radiating groves (e.g. Heronallenia);
— test high trochospiral (e.g. Elongobula);

— surface strongly ornamented, the ornamentation obscuring the
sutures and even the chambers (e.g. Calcarina);

— chambers distinct, strongly hispid and may be spinose (e.g.,
Murrayinella),

— test with a subspherical balloon chamber.

Unfortunately, due to the complexity of this group, this grouping

is only tentative and does not include all the species. A careful
observation will be necessary.

Hyaline planispiral species

The 111 hyaline planispiral species are presented on two pages
(plates 19 and 20). They can be grouped on the basis of the
following criteria:

— test composed of a proloculus followed by a unique tubular,
planispirally arranged chamber;

— test compressed, involute, chambers increasing slowly in size as
added, sutural bridges over the sutures;

— test compressed, involute, chambers increasing slowly in size as
added;
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Plate 18
Hyaline trochospiral species. Scale bar = 0.1 mm.

— test compressed, involute, chambers increasing rapidly in size
as added in a flaring coil;

— test much compressed, flattened, evolute, at least in the later
portion;

— test compressed, involute, lenticular, aperture terminal, radi-
ate, with a larger slit on the apertural face;

— test lenticular, very low trochospiral, appearing as if it was
planispiral (Amphistegina);

— test planispiral in the early portion, tending to uncoil, becom-
ing uniserial in the later portion.

Other hyaline species

The 85 hyaline species that could not be included within the
preceding groups are presented on two pages (plates 21 and 22).
They include:

— test biserially arranged and spirally enrolled (e.g.,
Globocassidulina);

— test biserially arranged, coiled in the early portion, later uncoiled
biserial (e.g., Ebrenbergina),

— test with uniserial or biserial arrangements, but twisted or
distorted, which make the arrangement difficult to be identified;
— test composed of multiple chamberlets variously arranged into
discoidal, spherical, branching or irregular tests.
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| Plate 22
Other hyaline species. Scale bar = 0.1 mm.



Description
of agglutinated
species

All scale bars = 0.1 mm (for SEM)

Acupeina
Acupeina triperforata

Test elongate, large, early stage coiled,
chambers enlarging gradually as added,
later stage uncoiled and rectilinear,
sutures radial, curved and depressed in
the early stage, nearly straight in the
adult; wall finely agglutinated; aperture
single and interiomarginal in the
enrolled stage, becoming terminal and
multiple in the uncoiled stage, with often
three rounded openings.

Mangrove swamps.
Systematics p. 257.

Aggerostramen
Aggerostramen rustica

Only isolated chambers of this multilocu-
lar test have been collected. Chambers
polyhedral, more or less angular, con-
structed almost entirely of sponge
spicules neatly cemented together, with
some long spicules that project beyond
the chamber itself; in the early stages,
chambers attached to the substrate in
uniserial series, later chambers some-
what irregular in arrangement, intercon-
nected by tubular stolons; aperture a
simple opening, or at the end of stolon-
like necks.

Northern shelf, 600 m.
Systematics p. 253.
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Alveolophragmium
Alveolophragmium zealandicum

Test spheroidal, planispiral involute with
slightly depressed umbilical areas;
around 6 chambers in the last whorl;
wall coarsely agglutinated, surface
rough; aperture an elongate slit at the
base of the last formed chamber with a
thin lip.

Northern shelf, 500 m.

Systematics p. 260.

Ammobaculites
Ammobaculites agglutinans

Test elongate, early planispiral portion
relatively small, compressed, excavated at
the umbilici, with rounded periphery;
linear portion cylindrical, slightly
increasing in size toward the distal end,
up to 6-7 chambers; wall made up of
coarse sand grains, surface rough; aper-
ture terminal, central, simple.

Bays, coastal lagoons.
Systematics p. 256.

Ammobaculites crassaformis

Test elongate, early coiled portion slight-
ly compressed, diameter wider than recti-
linear portion; chamber not distinctly
marked, rectilinear ones of about equal
size, usually slightly longer than wide;
sutures of the coiled section not distinct,
those of the rectilinear portion slightly
depressed; wall made up of coarse sand
grains, surface rough; aperture terminal,
central, of irregular shape.

Northern shelf, 500 m.
Systematics p. 256.

Ammobaculites exiguus

Test small, elongate, early portion close
coiled, later rectilinear, rounded in sec-
tion; wall coarsely agglutinated; aperture
terminal, rounded.

Coastal lagoons, mangrove swamps,
estuaries.
Systematics p. 256.




Ammobaculites
reophaciformis

Test elongate, early portion a small,
indistinct coiled stage, later and by far the
larger part uncoiled, linear, circular in
transverse section, and progressively
increasing in size; chambers fairly distinct;
sutures slightly depressed; wall composed
of angular fragments, smoothly finished;
aperture circular, terminal, simple, occa-
sionally on a slight neck.

Southwestern lagoon, strong currents,
40 m.
Systematics p. 256.

Ammobaculites
cf. A. subcatenulatus

Test small with an elongate cylindrical
rectilinear stage of constant diameter,
positioned symmetrically above the coiled
initial stage; coil somewhat compressed,
slightly larger in diameter than the recti-
linear stage; wall coarsely arenaceous,
mostly composed of fragments of sponge
spicules, inflated and circular in cross
section; chambers indistinct, sutures
obscured by the coarse agglutinate;
aperture terminal, in the middle of the
apertural face. This species resembles
Ammobaculites cf. A. subcatenulatus,
but differs in the less distinct chambers
and the agglutinated sponge spicules.

Coastal bays.
Systematics p. 256.
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Ammobaculites villosus

Test elongate; early coiled part larger in
diameter than the later uniserial part;
uniserial part with a constant diameter
throughout; chambers indistinct, except
the last ones, which are slightly inflated;
wall coarsely agglutinated, the aggluti-
nated grains including sponge spicules;
aperture terminal somewhat obscured by
the agglutinated grains.

Northern shelf, 600 m.
Systematics p. 256.

Ammodiscus
Ammodiscus gullmarensis

Test free, small, consisting of several
slightly overlapping whorls; sutures dis-
tinct; test flattened, slightly biconcave,
tending to irregular coiling in last
whorls; periphery rounded; wall aggluti-
nated with fairly large amount of cement;
aperture semicircular at the open end of
the tubular chamber.

Southwestern lagoon, 30 m.

Systematics p. 253.

Ammodiscus pacificus

Very large test, often more than 2 mm in
diameter; globular proloculus followed
by planispirally enrolled, undivided
tubular second chamber, later coils
covering about two fifths of the previous
ones; tubular chamber not compressed,
increasing slightly in diameter as growing;
wall agglutinated smoothly finished, with
a great amount of reddish-brown cement;
aperture semicircular at the open end of
the tubular chamber.

Northern shelf, 600 m.
Systematics p. 253.

Ammolagena
Ammolagena clavata

Test commonly attached to shell fragments,
up to 1 mm in length, large ovoid pro-
loculus followed by a narrower tubular
chamber, generally rectilinear at it first
stage; wall finely agglutinated, smoothly
finished, reddish-brown in color; aperture
terminal, rounded.

Northern shelf, 600 m.
Systematics p. 253.




Ammomarginulina
Ammomarginulina ensis

Test much compressed, enrolled and
planispiral in early stage, later uncoiled
with oblique sutures; wall coarsely arena-
ceous, surface rough; aperture terminal,
produced on a neck.

Northern shelf, 600 m.

Systematics p. 256.

Ammoscalaria
Ammoscalaria compressa

Test elongate, much compressed; periphery
subacute; chambers indistinct, increasing
rapidly in size as added, later becoming
broad and chevron-shaped; wall coarsely
agglutinated, surface rough; aperture
narrow, terminal, elongate, produced.

Northern shelf, 600 m.
Systematics p. 256.
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Ammosphaeroidina

Ammosphaeroidina
sphaeroidiniformis

Test free composed of a spiral earlier
portion, the later portion of the adult
made-up of usually three large globose
chambers, a large one on one side and
two smaller ones on the other side; wall
rather coarsely agglutinated; aperture at
the inner side of the last formed chamber.

Northern shelf, 600 m.
Systematics p. 257.

Ammotium
Ammotium fragile

Test small, compressed, planispirally
enrolled and evolute in the early stage,
later uncoiled, rectilinear; sutures distinct,
curved back toward the proloculus at the
inner margin, becoming chevron-like in
the later chambers; wall thin, fragile finely
agglutinated; aperture ovate, terminal, at
the dorsal angle of the final chamber.

Coastal lagoons, mangrove swamps.
Systematics p. 256.

Ammotium salsum

Test free, compressed, ovate in outline,
planispirally enrolled and evolute in the
early stage, with a tendency to uncoil;
sutures strongly oblique, later chambers
extending back toward the proloculus at the
inner margin; wall coarsely agglutinated;
aperture simple, rounded, terminal, at
the dorsal angle of the final chamber.

Coastal lagoons, estuaries, mangrove
swamps.
Systematics p. 256.

Arenoparrella
Arenoparrella mexicana

Test free, in a low trochospiral coil,
chambers increasing gradually in size,
sutures radial, periphery rounded; wall
finely agglutinated, surface smooth and
polished; primary aperture a straight to
curved slit surrounded by a thin and
delicate lip, beginning near the base of
the apertural face and directed upward
across the median plane with an angle to
the plane of coiling, supplementary
openings present at the apex of the final
chamber.

Mangrove swamps, marshes.
Systematics p. 259.




Armorella
Armorella sphaerica

Test free, unilocular, approximately
spherical, furnished with a variable
number of extended tubes of different
length, with an aperture at the end of
each tube, but frequently does not possess
characteristic appendages, broken tube
leaving little trace; wall firm, but thin,
constructed of fine sand, generally
smooth owing to its homogeneous con-
struction, but incorporated sand grains
may be larger than the thickness of the
wall, projecting and giving a rough
appearance to the test.

Northern shelf, 600 m.

Systematics p. 252.

Bigenerina
Bigenerina nodosaria

Test elongate, the early portion composed
of a biserial group of chambers, consider-
ably flattened, increasing progressively in
size; later portion composed of an unise-
rial series of chambers, circular in cross
section, usually less in width than the
biserial portion; wall usually coarsely
arenaceous; aperture terminal, small,
rounded.

Northern shelf, 200 m.
Systematics p. 263.
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Bolivinopsis
Bolivinopsis elongata

Test very long; early planispiral portion
small and compressed, composed of 7-
8 chambers; biserial rectilinear portion
very long with numerous chambers,
increasing gradually in width and in
thickness, thickest along the median line
and thinning toward the margin that is
subacute; sutures oblique, slightly
depressed; wall finely arenaceous,
polished; aperture an arch at the base of
the last-formed chamber.

Northern shelf, 600 m.
Systematics p. 257.

Caronia
Caronia exilis

Short triserial initial stage with minute
subglobular chambers; later biserial with
about 6 pairs of appressed globular
chambers separated by depressed sub-
horizontal sutures; test rather coarsely
agglutinated; aperture a symmetrical
interiomarginal elongate arch at the base
of the last chamber.

Coastal lagoons, mangrove swamps,
estuaries.
Systematics p. 259.

Carterina
Carterina spiculotesta

Tests trochospiral throughout with
chambers increasing rapidly in size; the
last whorl comprises only 2-3 chambers;
deep umbilicus that may be filled up with
a spicular mass that may extend into a
peripheral flange; the first (about 10)
chambers are brownish in color, the other
ones been yellowish or white; wall made
of spicules that are elongated, fusiform,
somewhat parallel to the periphery on the
spiral side and radial on the umbilical
side.

Coral-reef lagoon and outer reef 10-100 m,
crawling under coral rubble or algae,
protected from sunlight.

Systematics p. 282.

Clavulina
Clavulina difformis

Test elongate with a short triangular tris-
erial stage; the later uniserial stage polyg-
onal to rectangular in cross section;
chamber walls slightly concave, extend-
ing back along the angles of the test,
resulting in a lobate outline; sutures dis-
tinct, depressed; wall roughly textured;
aperture terminal, centered, with a single
valvular tooth.

Coral-reef lagoon, mostly near coral
reefs.
Systematics p. 262.




Clavulina multicamerata

Test elongated with an initial trihedral
section with sharp periphery, later
becoming cylindrical; early portion trise-
rially arranged; the rectilinear stage is
circular in cross section, with chambers
uniform in size and separated by distinct,
depressed sutures; wall coarsely arena-
ceous; aperture rounded with a tooth on
the last formed chamber.

Coral-reef lagoon, Bay of Prony, 10-30 m,
rare.
Systematics p. 262.
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Clavulina pacifica

Test elongated with an initial portion
triserial becoming uniserial at about one
third from the pointed apical end; test
triangular in cross section; chambers
slightly inflated and strongly curved
backwards at each corner; sutures distinct
in the triserial portion, depressed in the
uniserial part; wall finely arenaceous;
apertural face slightly convex; aperture
central, rounded with a simple toothplate.

Coral-reef lagoon, mostly near coral reefs.
Systematics p. 262.
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Clavulina subangularis

Test elongated with an initial portion
triserial becoming uniserial; test triangular
in cross section, the angles carinate; sides
slightly concave; sutures weakly distinct;
chambers strongly curved backwards at
each corner; wall rather coarsely arena-
ceous, smoothly finished; apertural face
convex; aperture central, rounded with a
simple toothplate.

Northern shelf, 600 m.
Systematics p. 262.

Connemarella
Connemarella rudis

Test conical, with early triserial arrange-
ment followed by broad and low biserial
chambers that increase rapidly in
breadth and height in the early portion,
less rapidly later; apertural face flattened,
circular; sutures horizontal obscured by
the agglutinate material; wall coarsely
agglutinated with calcareous cement;
aperture a broad low arch, in a reentrant
at the base of the apertural face.

Northern shelf, 600 m.
Systematics p. 262.

Cribrostomoides
Cribrostomoides jeffreysii

Test free, discoid, planispirally enrolled,
and partially evolute; wall thick, coarsely
agglutinated, and firmly cemented; aper-
ture an oval to slitlike areal opening
slightly above the base of the apertural
face, bordered by a well-developed lip.

Rare, but widely distributed in areas opened
to the sea.
Systematics p. 257.

Cribrostomoides
spiculotestus

Test free, compressed, planispiral, not
completely involute; umbilical region
depressed, periphery rounded, broadly
lobulate; chambers slightly inflated,
increasing gradually in size as added;
sutures distinct, slightly depressed and
slightly curved; wall thin, composed of
fine sand grains and sponge spicules of
various sizes, surface neatly finished;
aperture crescentic, areal, slightly above
the base of the apertural face, bordered by
a well-developed lip.

Outer coral reef, 100 m.
Systematics p. 257.




Cribrostomoides
subglobosus

Test subglobose, initially streptospirally
coiled, later planispiral involute; umbilical
area usually depressed; 5-7 broad chambers;
periphery moderately lobulate; sutures
radial; aperture an elongated slit at the
base of the apertural face

Northern shelf, 700 m.
Systematics p. 257.

Cyclammina
Cyclammina subtrullissata

Test nautiloid, compressed, planispiral,
involute, slightly depressed in the umbili-
cus; peripheral margin more or less
rounded; 6-9 chambers in the last whorl,
separated by slightly depressed, somewhat
sinuate sutures; wall arenaceous with
heterometric grains, surface smoothly
finished, colour brown; aperture crescentic,
at the base of the last-formed chamber.

Northern shelf, 600 m.
Systematics p. 260.
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Cyclammina trullissata

Test nautiloid, biconvex, flat centrally,
planispiral, involute, distinctly depressed
in the umbilicus; peripheral margin
more or less rounded; 9-11 chambers in
the last whorl, separated by slightly
depressed, straight to slightly sigmoidal
sutures; wall arenaceous, very smoothly
finished, polished, except the apertural
face; color brown; aperture crescentic, at
the base of the last-formed chamber.

Northern shelf, 700 m.
Systematics p. 260.

Cylindroclavulina
Cylindroclavulina bradyi

Test stout, cylindrical, the early triserial
portion not well shown exteriorly, the
later uniserial section large, with distinct
depressed sutures; wall composed of hetero-
metric sand grains, usually with a smooth
exterior; aperture at the end of a short
neck, usually 3 or 4 radiate slits.

Bay of Prony 10-30 m.
Systematics p. 263.

Diffusilina
Diffusilina humilis

Test attached, irregular in outline, up to
3mm or more in diameter, flattened;
wall agglutinated, including sponge
spicules, smoothly finished; upper surface
with a few scattered pustules constructed
of sand and mud particles similar to the
rest of the wall but lacking cement, so
that the interstitial pores could serve as
an aperture.

Widely distributed, 0-100 m.
Systematics p. 251.

Discammina
Discammina compressa

Test planispiral, compressed, lenticular,
somewhat involute, depressed in the
umbilicus; peripheral margin acute or
somewhat rounded; chambers and sutures
not distinct; wall coarsely agglutinated,
surface rough, color brown; aperture
crescentic, at the base of the last-formed
chamber.

Northern shelf, 600 m.
Systematics p. 256.




Dorothia
Dorothia pseudoturris

Test elongate, tapering, circular in end
view; apex bluntly pointed, apertural end
concave; early stage trochospiral enrolled,
then reduced to biserial; chambers
numerous, slightly inflated increasing
very slowly in size so that test has nearly
parallel sides; sutures indistinct, very
slightly depressed; wall coarsely aggluti-
nated, rough; aperture a rather small
arch, in the center of the inner margin of
the last formed chamber.

Northern shelf, 200 m.
Systematics p. 261.

Dorothia rotunda

Test short, stout and subrotund; earlier
triserial chambers globose, quickly fol-
lowed by biserial subglobose chambers,
slightly compressed laterally; wall arena-
ceous, mostly rounded grains; aperture a
crescentic slit in a slight depression of the
apertural face.

Northern shelf, 300 m.
Systematics p. 261.
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Dorothia sp. 1

Test free, elongate, early stage trochospiral
enrolled, then reduced to biserial and
rounded in section; biserial portion
slightly arched, with numerous distinct
chambers; sutures depressed; wall

agglutinated, solid; aperture an arch at
the inner margin of the final chamber.
Northern shelf, 200 m.

Systematics p. 261.

Duquepsammia
Duquepsammia bulbosa

Test compressed, the early portion coiled,
involute, nearly circular, the later portion
narrower, biserial, rectilinear; wall
smoothly finished; aperture at the base of
the last-formed chamber tending to
become terminal.

Northern shelf, 700 m.
Systematics p. 258.

Eggerella
Eggerella australis

The test is small, conical and with early
chambers obscure, trochospirally arranged,
then becoming triserial, inflated; wall
rather coarsely arenaceous; aperture at
the inner margin of the apertural face.

Northern shelf, 600 m.
Systematics p. 261.

Eggerella bradyi

Test pyramidal, rounded in transverse
section, trochospiral then triserial;
chambers distinct, inflated, subsphaerical,
increasing regularly in size as added;
sutures distinct, depressed; wall very finely
arenaceous, smooth, light gray in color;
aperture an elongated slit at the inner
margin of the last formed chamber,
occasionally with a thickened lip.

Northern shelf, 600 m.
Systematics p. 261.




Eggerella pusilla

Test elongate, slightly tapering, rounded
in transverse section, sides nearly parallel
for most of their length; arrangement
trochospiral in the earliest stage, soon
becoming triserial; chambers distinct,
slightly inflated, increasing very slightly
in size as added in the adult; sutures
distinct, depressed, sometimes filled and
obscured; wall finely arenaceous; aperture
arched, at the inner margin of the last
formed chamber.

Coastal bays.
Systematics p. 261.

Gaudryina
Gaudryina attenuata

Test elongate, somewhat sinuate or twisted,
commencing with a sharply triangular
series of chambers arranged triserially,
followed by an irregular biserial arrange-
ment and finally by two or three pairs
of subglobular chambers; wall roughly
finished; aperture a low opening at the
base of the last-formed chamber.

Outer reef, 100 m.
Systematics p. 260.
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Gaudryina collinsi

Test elongate; large triserial early stage,
with almost triangular shape in transverse
section and bluntly rounded angles;
sutures indistinct; biserial portion of
nearly uniform width throughout,
rounded or broadly oval in section
composed of 4-5 pairs of the same size;
chambers, with distinct, slightly

depressed sutures; wall coarsely arena-
ceous, roughly finished; aperture high,
narrow, in a deep re-entrant of the inner
margin of the last chamber.

Northern shelf, 600 m.
Systematics p. 260.

Gaudryina convexa

Test triangular in outline, broad at the
apertural end and rapidly tapering to the
initial end, one face nearly flat, the other
strongly convex and with deeper sutures;
apertural end obliquely truncate; wall
rather coarsely arenaceous; aperture
elongate, at the base of the last chamber
in a distinct depression.

Northern shelf, 600 m.
Systematics p. 260.

Gaudryina quadrangularis

Test elongate, tapering abruptly at the initial
end; early stage triserial and triangular in
section with acute angles and sutures
obscure, later becoming biserial and
quadrangular in cross-section; apertural
end of the test abruptly truncated; wall
agglutinated, solid, more or less smoothly
finished; aperture an elongate orifice at
the inner margin of the final chamber
with in end view a sort of rounded lip
above and a depression on either side.

Deeper parts of the coral-reef lagoon and
outer reef, 30-100 m.
Systematics p. 260.

Gaudryina robusta

Test large, stout, early portion sharply
triangular, triserial, sides somewhat
concave; later chambers biserial, rounded;
wall made up of fine sand grains; surface
somewhat rugose; sutures slightly
depressed; aperture a low slit at the base
of the last chamber, in a deep re-entrant.

Northern shelf, 600 m.
Systematics p. 260.



Gaudryina tenuis

Test elongate, composed of numerous
chambers; early portion triserial, trian-
gular in cross section, with sharp angles;
biserial chambers numerous, nearly as
high as broad, in later development each
chamber running nearly to the opposite
side of the test; wall roughly finished;
aperture at first a slit at the base of the
last formed chamber, becoming more
nearly circular in the chambers reaching
the opposite side.

Northern shelf, 600 m.
Systematics p. 260.

Gaudryina sp. 1

Test elongate, conical, early stage triserial
and subtriangular in section, later
becoming biserial and rounded in section;
chambers increasing regularly in size as
added, giving a very regular conical
shape to the test; wall agglutinated,
roughly finished; aperture an arch at the
inner margin of the final chamber,

Northern shelf, 600 m.
Systematics p. 260.
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Gaudryina sp. 2

Test elongate, tapering abruptly at the
initial end; early stage triserial and trian-
gular in section with keeled angles and
sutures obscure; later becoming biserial,
one keel dividing so that a quadrangular
cross section with acute angles results;
apertural end of the test abruptly truncat-
ed; wall agglutinated, solid, smoothly fin-
ished; aperture an elongate orifice at the
inner margin of the final chamber with a
narrow lip.

This species resembles G. austinana
Cushman, from the cretaceous.

Northern shelf, 600 m.
Systematics p. 260.

Glomospira
Glomospira fijiensis

Proloculus followed by an undivided
tubular chamber that is irregularly strep-
tospirally coiled; wall finely agglutinated;
aperture at the open end of the tube.
Sometimes referred to G. glomerata, but
differs from this species in lacking the
meandering enrolment of the tube.

Coastal lagoons, mangrove swamps.
Systematics p. 254.

Glomospira gordialis

Proloculus followed by undivided tubular
second chamber that is streptospirally
coiled to somewhat irregularly planispiral;
wall finely agglutinated; aperture at the
open end of the tube.

Coastal lagoons, estuaries.
Systematics p. 254.

Haddonia
Haddonia torresiensis

Test large, attached, early stage coiled,
later uncoiled, uniserial, irregular, but
complete specimens are missing; chambers
broad and low, irregular in size and
shape, at least twice as wide as high; wall
coarsely agglutinated, with considerable
cement, wall pierced by numerous large
pores aligned perpendicular to the surface;
aperture terminal, areal, an irregular slit.

Southwestern lagoon, outer reef, 50-100 m.
Systematics p. 261.




Haplophragmoides
Haplophragmoides canariensis

Test planispiral and partially involute,
laterally compressed; peripheral edge
rounded and slightly lobulate; chambers
slightly inflated and with rounded
periphery, 5-9 in the last whorl; sutures
distinct in the early stage later becoming
depressed; umbilical area depressed; wall
finely arenaceous, usually thin and
smoothly finished; aperture arched, situated
at the inner margin of the last chamber,
surrounded by a projecting border. The
relatively large aperture observed in the
specimens from New Caledonia corresponds
to the initial description by d’Orbigny.

Outer reef, 100 m.
Systematics p. 255.

Haplophragmoides pusillus

Test small, planispirally enrolled, involute
becoming slightly evolute, compressed
and biumbilicate, chambers inflated and
margin distinctly lobulate; wall thin,
with moderately coarse agglutinate, exte-
rior slightly rough; aperture an elongate
low equatorial slit at the base of the
apertural face, with a slight lip.

Coastal bays, shallow coastal areas.
Systematics p. 256.
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Haplophragmoides wilberti

Test planispirally enrolled, involute,
biumbilicate, sides somewhat flattened,
chambers inflated and margin weakly
lobulate; wall thin, finely agglutinated,
smoothly finished; aperture an elongate
equatorial slit at the base of the apertural
face.

Coastal lagoons, mangrove swamps,
marshes.
Systematics p. 256.

Hemisphaerammina
Hemisphaerammina bradyi

Test attached, a single hemispherical
chamber; wall agglutinated, smooth due
to considerable cement; no apparent
aperture, communication with the exterior
probably occurs through interstitial
pores.

Southwestern lagoon, 40 m.
Systematics p. 252.

Hormosinella
Hormosinella distans

Test elongate; chambers distinct, fusiform,
tapering at the two ends into long and
slender stolonlike tubes; aperture terminal.

Because of the elongate slender tubes
between adjacent chambers, the tests are
delicate and only isolated chambers were
found.

Northern shelf, 700 m.
Systematics p. 254.

Hyperammina
Hyperammina friabilis

Test elongate, subcylindrical, straight,
often tapering toward the apertural end;
rather large globular proloculus followed
by an elongate, sub-cylindrical second
chamber, slightly less in diameter than
the proloculus; wall thick, loosely
cemented, composed of sand grains with
a varying amount of sponge spicules;
aperture rounded, at the end of the
chamber.

Northern shelf, 600 m.
Systematics p.