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Elphidium hispidulum Cushman, E. collinsi Hayward n.sp., E. vellai Hayward n.sp., 
E. novozealandicum Cushman, E. albanii Hayward n.sp. 
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ABSTRACT 

Elphidiidae is a family of mostly shallow-water benthic foraminifera that occur throughout the world at present and in 
sedimentary rocks of Cenozoic age. Two subfamilies (Elphidiinae and Notorotaliinae) and four genera (Elphidium, 
Cristatavultatus, Parrellina, Notorotalia) occur in the South-west Pacific region today and two further genera 
(Cribrorotalia, Discorotalia) are present in the New Zealand fossil record. 

All 39 species and subspecies of Elphidium, Cristatavultatus and Parrellina in the South-west Pacific today and all 26 
fossil species and subspecies of Elphidium and Discorotalia in the New Zealand Cenozoic are described and illustrated, 
including 12 new taxa: E. aculeatum norcotti (Miocene, New Zealand), E. advenum maorium (Recent, east Australia, 
New Zealand, South-west Pacific islands), E. a/banii (Recent, east Australia, Lord Howe Island), E. carteri (Recent, 
east Australia; Miocene, New Zealand), E. collinsi (Recent, east Australia), E. crispum waiwiriense (Miocene, New 
Zealand), E. excavatum oirgi (Recent, New Zealand), E. fijiense (Recent, tropical South-west Pacific islands), 
E. matanginuiense (Eocene, New Zealand), E. matauraense (Miocene, New Zealand), E. vavauense (Recent, Tonga) 
and E. vellai (Recent, New Zealand). E. phillipense (Recent, southeast Australia) and E. silvestrii (Recent, east Aus
tralia) are proposed as replacement names for E. granulosum Collins and E. macellum aculeatum Silvestri. 

Forty-three percent of these elphidiid taxa in the South-west Pacific today are cosmopolitan, 19% are endemic to the 
region as a whole, 27% endemic just to eastern Australia, 7% to New Zealand and 2% to Tonga. New Zealand has 
received a sporadic flow of immigrant elphidiids throughout most of the Cenozoic and its fossil record only contains 
parts of some of the branches of the elphidiid phylogenetic tree. Many of the branches that became established evolved 
endemic New Zealand taxa, with 48% of New Zealand's fossil and Recent elphidiids endemic. 

New Zealand time ranges are documented for all species of Elphidium, Discorotalia and Haynesina. Most of the more 
common species are long-ranging. The biostratigraphically most useful taxa appear to be E. hampdenense (middle 
Eocene, Heretaungan, Dh), E. saginatum (middle Eocene, Porangan, Dp), E. wadeae (Oligocene-early Miocene, 
Whaingaroan-Otaian, Lwh-Po), E. kanoum (late Oligocene-middle Miocene, Duntroonian-Waiauan. Ld-Sw), 
E. aculeatum subrotatum (early-middle Miocene, Altonian- Waiauan, PI-Sw), E. novozealandicum (late Miocene-Re
cent, Kapitean-Recent, Tk-Rec) and D. aranea (early-middle Miocene, Otaian-Waiauan, Po-Sw). 

Elphidium appears in New Zealand in the early Eocene. Diversity and endemism increases to a peak of 18 taxa and 
50% endemism in the early Miocene, declining through a late Miocene low to the present 13 taxa and 23% endemism. 
Mean species durations for all Elphidium and Discorotalia in New Zealand is 14.5 million years. Endemic taxa are 
generally shorter-lived (mean 10 m.yr) than cosmopolitan taxa (mean 19 m.yr). Application of modern biogeographic 
and diversity patterns to the fossil record imply warm subtropical watertemperatures around central New Zealand in the 
early Miocene, some 5-8"C warmer than today. 

Recent Elphidium and Haynesina live in their greatest abundances (20% or more of total benthic foraminifera) in 
intertidal and shallow subtidal environments. As herbivores, reliant to some extent on husbanded chloroplasts, they live 
in the photic zone. They are common members of most benthic foraminiferal faunas in normal marine salinity at inner 
shelf depths down to about 40 m and in the middle and outer, slightly brackish parts of inlets and estuaries. Taxa living 
almost exclusively in brackish environments are E. excavatum excavatum, E. excavatum clavatum, E. gunteri and 
E. phillipense. Those tolerating slightly brackish, as well as normal salinity, conditions include E. advenum botaniense, 
E. advenum limbatul71. E. excavatum sydneyense, E. excavatum williams ani, E. jijiense, E. lene and H. depressula. 

All except the early and middle Eocene fossil Elphidium in New Zealand appear to have lived in paralic and shelf 
environments. Most lived at inner shelf depths, but several species may have lived in lower abundances at middle and 
outer shelf depths. The early Eocene E. matanginuiense and middle Eocene E. hampdenense and E. saginatum appear 
to have lived much deeper than subsequent members of the genus, being common in outer shelf and bathyal assem
blages. It appears that there was a major ecological shift from deep to shallow water in the middle to late Eocene which 
possib ly accompanied the adoption of a herbivorous feeding strategy and the husbandry of functioning chloroplasts. 

Keywords. Foraminifera: Elphidiidae; Elphidium; Parrellina; Haynesina; Cristatavultatus; Discorotalia; systemat
ics; biogeography; phylogeny; biology; ecology; paleoecology; biostratigraphy; Eocene; Oligocene; Miocene; Pliocene; 
Pleistocene; Recent; New Zealand; Australia; Cook Islands; Fiji; New Caledonia; Samoa; Solomon Islands; Tonga; 
Vanuatu. 
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INTRODUCTION 

RATIONALE 

Members of the family Elphidiidae are the most abundant 
foraminifera in inner shelf environments throughout most 
temperate and subtropical parts of the world. They have 
been dominant members of shallow water assemblages in 
New Zealand since the Oligocene. Despite this abundance, 
it has long been recognised, at least in New Zealand, that 
their taxonomy is confused and in need of a thorough re
view. 

This study was conceived to address the taxonomic con
fusion of New Zealand's fossil and Recent Elphidium taxa, 
so that they may be useful in interpreting 
paleoenvironments and potentially also assist in dating 
shallow-water fossil assemblages that usually lack the more 
stratigraphically useful planktic foraminifera. 

New Zealand seas have been considerably warmer through
out much of the Cenozoic than the present day. Thus many 
of New Zealand's fossil elphidiids have closer taxonomic 
and ecological similarities to species currently living in 
subtropical and tropical areas. As a consequence this study 
has been extended to include Recent Elphidium taxa from 
throughout the South-west Pacific and east Australia. 

SCOPE OF STUDY 

This monograph contains the results of a study of the 
foraminiferal genus Elphidium and morphologically simi
lar genera of the family Elphidiidae and Nonionidae liv
ing in the South-west Pacific (Cristatavultatus, Parrellina, 
Haynesina) and found fossil in New Zealand (Discorotalia, 
Haynesina). Many of the remaining elphidiids of New 
Zealand (Paleogene Cribrorotalia and Notorotalia) have 
been treated elsewhere (Homibrook 1996). A fully revised 
taxonomy of 58 Recent and fossil species and subspecies 
is presented, together with details of the biogeographic 
and ecologic distribution of Recent taxa and the 
stratigraphic range, paleobiogeography and paleoecology 
of fossil taxa. A speculative phylogeny of New Zealand 
elphidiids is presented. 

The geological timescale used is shown in Figure I. For 
the purposes of this study, the South-west Pacific has been 
taken to include (Figure 2): the east coast states of Aus
tralia (Queensland, New South Wales, Victoria, Tasma
nia, including Lord Howe and Norfolk islands), New Zea
land (including Kermadec, Chatham, Auckland, Campbell, 
Antipodes and Snares islands), and the islands lying be
tween 100S and 30

0
S and 150

0
E and 160

0
W (Solomon, 

Vanuatu, New Caledonia, Fiji, Samoa, Tonga, Cook is
lands). 

PREVIOUS WORK 

The family Elphidiidae was proposed by Galloway (1933), 
replacing the infrequently used family Polystomellidae 
(Reuss & Fritsch, 186 I), once it was real ised (Cushman 
1927) that Elphidium Montfort (1808) was a senior syno
nym for Polystomella Lamarck (1822). Even then the fam
ily Elphidiidae was not universally accepted or used for 
many years. For a long time Elphidium was still placed by 
many in the family Nonionidae (e.g. Cushman 1939). 
Loeblich & Tappan (1964) firmly established the wide
spread use of Elphidiidae. At that stage they recognised 
two subfamilies - Elphidiinae and Faujasininae Bermudez 
(1952), but they later (Loeblich & Tappan, 1988) added 
the subfamily Notorotaliinae Hornibrook (1961). 
Homibrook (1996) proposed elevating the Notorotaliinae 
to family status, but that recent suggestion has not been 
adopted here. 

Many genera have been proposed for taxa within the 
Elphidiidae, but Elphidium is often the main or only ge
nus used by many workers for planispiral forms. Loeblich 
& Tappan (1988) accepted eight valid genera in the 
Elphidiinae: Elphidium, Cribroelphidium, Cribrononion, 
Elphidiella, Ozawaia, Pellatispirella, Rectoelphidiella and 
Stomoloculina. Forms referrable to the last three genera 
have not been found in the study area. Ozawaia is 
synonymised to Elphidium in this work. The recognition 
and use ofCribroelphidium, Cribrononion and Elphidiella 
as genera distinct from Elphidium is not universal and is 
indeed quite sporadic and in many instances inconsistent. 
We recognise that in the South-west Pacific there are a 
number of recognisable groups of species within our 
present use of the genus Elphidium, but they do not corre
spond well with this existing subdivision. We believe a 
full world review of the species of Elphidiidae is prefer
able before proposing a new generic subdivision. 

The only existing world review of the species ofElphidiinae 
was by Cushman (1936). Since then knowledge and con
fusion about Elphidium taxonomy have grown enormously. 

Through biometric analysis, Buzas et al. (1985) clarified 
the identity of some of the more common north American 
Elphidium species. Murray (1971) and Albani and Yassini 
(1993) have provided useful illustrated guides to the spe
cies ofElphidiinae in the United Kingdom and Australia, 
respectively. The variable Elphidium excavatum group has 
had a chequered history, with many species names pro
posed for various ecologically and geographically sepa
rate forms. Feyling-Hanssen (1972) and Miller et al. (1982) 
studied some of the variability within this group in the 
northern hemisphere, and each recognised a number of 
named forms for ecologic variants. 
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Figure 2 The South-west Pacific region as used in this study of Recent Elphidiidae. All islands and island groups 
that have been sampled are named, and sampling spread along the east coast of Australia is shown by dots. 

Faujasininae is restricted to the northern hemisphere and 
Antarctica and is not present in the South-west Pacific. 
The Notorotaliinae is largely a southern hemisphere group, 
with its greatest diversity in New Zealand and secondarily 
in Australia. Loeblich and Tappan (1988) recognise five 
genera in this subfamily, four of which are present in the 
South-west Pacific. [n this study we review the species of 
two of these genera - Discorotalia and Parrellina, because 
of their morphological similarity to Elphidium. Species 
of the diverse and fully trochospiral genera Cribrorotalia 
and Notorotalia have been largely covered in reviews and 
studies by Vella (1957), Hofker (1969) and Hornibrook 
(1996). The genus Cristatavultatus, proposed by Loeblich 
and Tappan (1994), is now included in this family and is 
also present in this study area. 

South-west Pacific Recent elphidiid studies 

Prior to the 1920s most species ofElphidiinae in the South
west Pacific were referred to by the names of similar north
ern hemisphere taxa. Only Parrellina imperatrix Brady 
(1881), P verriculata Brady (1881) and Elphidium 

macellum limbatum Chapman (1907) had been recognised 
as new taxa from the area (all under the genus 
Polystomella). Subsequently Cushman (1924, 1931, 1933, 
1936) obtained a number of samples of Recent foraminifera 
from Australia, the South-west Pacific islands and New 
Zealand and described a new genus (Ozawaia) and 7 new 
species from the islands, 3 new species from Australia and 
one from New Zealand. Since then there has been a steady 
progression of new species described from Australia, fewer 
from New Zealand and no more from the South-west Pa
cific islands. This reflects the level of attention the Re
cent foraminifera in each of these areas have received in 
the last 50 years. New species or subspecies from the east 
coast of Australia were described by: Parr (1945) - one, 
Collins (1958,1974) - six, Albani (1974,1978,1981)
three, Albani and Yassini (1993) - two; and from New 
Zealand by: Vella (1957) - two. Albani and Yassini (1993) 
reviewed and illustrated 30 Recent elphidiid species from 
right around Austral ia (27 from eastern Austral ia), although 
they overlooked the species described by Chapman (1907), 
Collins (1958, 1974) and E. sculpturatum described by 
Cushman (1936). Eade (1967) and Dawson (1992) listed 
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all the elphidiid names recorded from New Zealand in their 
checklists of Recent New Zealand foraminifera. Hayward 
and Hollis (1994) discussed and illustrated the brackish 
elphidiids found in New Zealand. 

New Zealand fossil Elphidium and DiscoTotalia studies 

Prior to the 1930s, virtually all fossil elphidiid taxa from 
New Zealand were referred to well known fossil species 
from Europe. The only exception was Discorotalia 
tenuissima (Karrer, 1864), which had been described as a 
Polystomella from the early Miocene of Auckland. The 
"father" of New Zealand fossil foraminiferal studies, 
Harold Finlay (1939), described two new early Eocene 
Elphidium species (saginatum, hampdenense). Subse
quently, Dorreen (1948) described three new species 
(ingressans, omotoense, nitidum) from the late Eocene of 
the West Coast, Hornibrook (1958, 1961) described three 
species (subrotatum, wadeae, D. aranea) from the 
Oligocene and early Miocene of the South Island, 
Srinivasan (1966) described a species (hornibrooki) from 
the Oligocene of the West Coast, and Hayward and Buzas 
(1979) described two early Miocene species (gibsoni, 
kanoum) from the Auckland region. There has been no 
previous review of New Zealand's fossil Elphidium taxa. 

INTRASPECIFIC VARIATION -
FORM OR SUBSPECIES? 

Studies (Schnitker 1974, Poag 1978, Miller et al. 1982) 

have demonstrated that several species of shallow water 

benthic foraminifera (e.g. Ammonia beccarii, Elphidium 

excavatum) consist of a number of ecologically or geo

graphically restricted variants. Culturing experiments 

(Schnitker 1974) have shown that morphological varia

tions mimicking some of the natural variants may be in

duced by changing environmental parameters such as tem

perature and light. Thus these variants are considered to 

be ecophenotypes (formae) rather than genetic varieties 

(subspecies). 

Our own observations of the ecologic and geographic dis

tributions of some of the variants within Elphidium 
advenum, E. excavatum and Haynesina depressula sup

port this view and we would prefer to treat such 

intraspecific variants as formae (e.g. Hayward & Hollis 

1994). However, there is at present no way of erecting 

new formae within the code of zoological nomenclature 

(lCZN 1964). In order to establish legitimate names with 

holotypes for new formae within E. advenum and 

E. excavalum we are therefore forced to first describe them 

as new subspecies. For consistency we treat all formae as 

subspecies in this monograph. We do not consider all the 

subspecies of E. advenul11 to be formae, however; some 

are geographically isolated genetic subspecies. 
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MATERIAL SOURCES 

The majority of specimens used in this study come from 
the New Zealand national collection of foraminifera held 
by the Institute of Geological and Nuclear Sciences 
(IGNS), Lower Hutt, New Zealand. These have been aug
mented with many samples of Recent sediment taken by 
or for the authors in the 1990s, from around New Zealand 
(Figure 3), east Australia and the South-west Pacific is
lands (Figure 2). These are housed in the Auckland Mu
seum. 

The third largest source of material is the Recent Austral
ian and South-west Pacific island collections held by the 
Smithsonian Institution, Washington DC, which was stud
ied by BWH during visits in 1983 and 1994. Other Re
cent specimens from Australia and the South-west Pacific 
islands were borrowed from the National Museum of Vic
toria, Melbourne, and New Zealand Oceanographic Insti
tute, Wellington, respectively. 

Additional fossil New Zealand material was studied at 
Victoria University, Wellington, and the Smithsonian In
stitution, Washington DC, and borrowed from Canterbury 
University, Christchurch. As part of this study, types of a 
number of "classic" species were examined by BWH in 
1983 in the collections of the British Museum of Natural 
History, London, and the Musee National d'Histoire 
Naturelle, Paris. 

Abbreviations and prefixes indicative of specimen and 
sample repositories for Recent and fossil material are listed 
in Appendices I and III, respectively. 
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MORPHOLOGY 

The tenninology used in describing the test and its orna
ment is shown in Figure 4. 

Chamber arrangement 

All Elphidiidae are planispiral or low trochospiral. The 
genera dealt with in this study are mostly planispiral 
(Elphidium, Parrellina, Haynesina) or partly involute 
trochospiral (Cristatavultatus, Discorotalia). 

Chamber shape 

Chamber shape is the basic character which detennines 
test form. Short, inflated chambers produce broadly 
rounded subspherical tests (e.g. E. saginatum), whereas 
elongate, flattened chambers produce flat discoidal tests 
(e.g. E. jichtellianum). Some species have chambers that 
radiate out almost symmetrically from the umbilicus, 
whereas others have the chambers swept back strongly 
towards the periphery. 

Test outline 

The test outline is the two dimensional shape of the test 
when viewed from the side (along the coiling axis). Some 
species have a nearly circular outline, produced by cham
bers with a low rate of size increase (e.g. E. oceanicum). 
Other species, having a rapid rate of chamber increase, 

septal bridge 

develop a more oval outline (e.g. E. advenum tongaense, 
E. lene). Dependent upon the inflation of the chambers, 
some taxa have lobulate outlines, especially in the latter 
part of the test (e.g. Haynesina, E. phillipense). 

Test profile and peripheral angle (Figure 5) 

The test profile is the peripheral view of the test, perpen
dicular to the axis of coiling. It may range from strongly 
compressed (e.g. E.jichtellianum), through biconvex (e.g. 
E. charlottense) to strongly inflated (e.g. E. ingressans). 
Tests may have convex, concave or flat, parallel sides. For 
each taxon, arange ofwidth/thickness ratios is quoted giv
ing an objective measure of test inflation. In this instance 
the width is the greatest diameter of the test perpendicular 
to the axis of coiling, and the thickness is measured paral
lel to the axis. 

In profile the periphery may be broadly (obtuse angle) or 
acutely rounded or have a sharp acute angle. 

Keel and peripheral spines 

Species with a broadly rounded periphery seldom have a 
peripheral keel; those that are sharply angled or acutely 
rounded often have a keel. Keels vary in strength and 
width. A few taxa (e.g. E. excavatum maorium) have ru
dimentary rounded keels or merely a thickened (Jimbate) 

TERMINOLOGY 
thickness 

apertural face 

umbonal boss 

Figure 4 Terminology used for 
the planispiral elphidiid test 
and its ornament. 

OUTLINE 
or lateral view 

PROFILE 
or peripheral view 
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a. TEST PROFILE 

strongly compressed 

E. fichtellianum 

strongly inflated 

E. ingressans 

b. PERIPHERAL ANGLE 

biconvex 

E. char/ottense 

o 
parallel-sided 

E. collinsi 

acute 

E. acu/eatum subrotatum 

acutely rounded 

E. hispidu/um 

broadly rounded 

E. reticu/osum 

Figure 5 a Basic types of test profile in the Elphidiidae. b Types of peripheral angle in Elphidiidae in profile. 

peripheral band that is only just discernable through a light 
microscope. Taxa with distinctive broad and strong keels 
(e.g. E. advenum botaniense) or weak, narrow keels (e.g. 
E. collinsi) are uncommon. 

A few taxa possess peripheral spines on their keel. These 
vary in strength, length and number per whorl. Most taxa 
have one spine per chamber; some are extremely short and 
small (e.g. E. aculeatum norcotti), whereas others are 
slightly longer and pointed (e.g. E. silvestrii). The strong
est and longest spines, with longitudinal costae, are present 
on Parrel/ina imperatrix, which only has 3--4 per whorl. 

Chamber number 

The number of chambers per whorl is another character of 
taxonomic significance. Although the number of cham
bers per whorl increases with the size and age of the test, 
the number in the final whorl of adult tests is relatively 
stable and is quoted for each taxon. Chambers per whorl 
range from 8 to 9 (e.g. E. sandiegoense, Cristatavultatus 
pacificus) up to a maximum of about 40 (e.g. large 
E. craticulatum and E. crispum). 

Sutural incision and ornament 

The sutures between chambers vary in their prominence. 
Some are wide and deeply incised (e.g. E. advenum 
botaniense), whereas others are narrow and shallow (e.g. 
E. schencki, E. matauraense). In some taxa the sutures 
are almost completely obscured by strong spiral ornament 
and septal bridges (e.g. E. flchlellianum). Many, but not 
all, species with wide sutures have them lined with fine 
papillae (e.g. E. excavatum, PI. I, Fig. 12). 
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Septal bridges 

Solid or hollow chamber projections (septal bridges) that 
extend over the preceding suture are diagnostic of the fam
ily Elphidiidae. In some taxa (e.g. Notorotalia, Parrel/ina) 
these take the form of spiral ribs that are joined to a series 
of radial ribs. In Elphidium, the septal bridges are quite 
variable in their number per chamber. Some taxa have 
few (e.g. E. sandiegoense) whereas others characteristi
cally have many (e.g. E. crispum). Septal bridges vary in 
their strength and length. They may be short and obscure 
(e.g. E. excavatum excavatum, PI. I, Fig. 12) or long and 
prominent (e.g. E. novozealandicum, PI. I, Fig. 9). 

Spiral ornament 

Spiral ornament mainly comprises the septal bridges, which 
in some species are strengthened on the earlier part of 
the whorl to form prominent circular ribs (e.g. 
E. craticulatum, E. hispidulum) or may combine with 
equally strong radial ribs to form a reticulate network (e.g. 
E. kanoum, E. reticulosum, E. hampdenense, PI. 1, Fig. 
II ). 

Radial ornament 

Many species lack radial ornament (e.g. E. vel/ai, 
Haynesina depressula). Other taxa have pseudoradial ribs 
produced by inflation of the anterior portion of each cham
ber (e.g. E. advenum limbatum), or have narrow ribs ex
tending part way (e.g. E. carteri, PI. I, Fig. 15) or all the 
way (e.g. E. novozealandicum, Discorotalia tenuissima) 
along the anterior edge of each chamber. 



Umbilical ornament 

Umbilical ornament is generally consistent within each 
taxon. A depressed umbilicus may be lined with fine pa
pillae (e.g. E. excavatum, E. hampdenense, PI. I, Fig. 11), 
have numerous coarse papillae (e.g. E. oceanicum, 
E. jichtellianum, Haynesina depressula, PI. I, Fig. 10) or 
have a network of small ribs (e.g. E. novozealandicum, PI. 
1, Fig. 9). The umbilicus may be partly or fully filled with 
several strong tubercles (e.g. E. matanginuiense, 
E. wadeae) or a single large boss (e.g. E. crispum). An
other useful taxonomic character is the form of the umbonal 
boss, which may be completely flat (e.g. E. albanii), 
strongly raised (e.g. E. subrotatum, E. vavauense), small 
and surrounded by a circular suture (e.g. E. advenum 
maorium, PI. 1, Fig. 7), exceptionally wide 
(E. craticulatum, E. mortonbayense) or filling only the 
lower part of the umbilicus (e.g. E. advenum botaniense). 

Additional chamber ornament 

In a few species, ornament additional to the spiral and ra
dial ribs may be developed on the chambers. E. hispidulum 
has short hispid spines on its early chambers (PI. 1, Fig. 
14); E. phill ipense has coarse granules over most of the 
chamber walls; E. collinsi and P papillosa have an irregu
lar pattern of coarse papillae and wavy, short costae (PI. I, 
Fig. 16). 

Apertural face ornament 

The apertural face is the face of the last-formed chamber 
in profile. In most instances the apertures are a row of 

circular pores along the base of the apertural face (PI. 1, 
Figs 3, 6). Occasionally supplementary apertures may be 
present higher on the face (PI. 1, Fig. 4). 

The apertural face is commonly unornamented in the gen
era Haynesina and Elphidium, but some strongly 
ornamented species have an apertural face with small pa
pillae or occasionally granules covering some or all of it 
(e.g. E. argenteum, E. collinsi, E. oceanicum). In the gen
era Parrellina, Discorotalia and Notorotalia the apertural 
face is always strongly ornamented with narrow, often wavy 
riblets (PI. I, Fig. 5). 

Surface wall texture 

Most elphidiid species treated here have finely perforate 
wall texture, but a few (e.g. E. gunteri, E. vellai) have 
more coarsely perforate texture. Under a light microscope 
E. argenteum appears to be coarsely perforate, but scan
ning electron microscope study shows that it is actually 
covered with numerous fine papillae. 

Internal canal systems 

The Elphidiidae have a complex internal structure of sutural 
and umbilical canals which open to the surface through 
pores. These have been studied in detail by a number of 
workers (e.g. Hansen & Lykke-Anderson 1976, Hottinger 
& Leutenegger 1980) and require special techniques be
yond the scope of this study. The internal structure is not 
helpful for routine identification of elphidiids using stand
ard light or scanning electron microscope techniques, and 
its study and documentation is not essential for the pur
poses of this work. 
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BIOLOGY 

Although this study has not involved any direct biological 
observations, it is appropriate to summarise what is known 
about elphidiid biology from overseas work. 

Life history and life span 

Lister's (1895) study of Elphidium crispum established 
what we now recognise as the "classical life-cycle" of 
foraminifera (Lee et at. 1991). This involves a regular 
alternation of generations between a haploid, uninucleate, 
gamont stage and a diploid, multinucleate, agamont stage. 
Free-swimming gametes are produced by the gamont and 
undergo syngamy in the open sea. 

Most studies have shown that intertidal and subtidal spe
cies of Elphidium reproduce once or twice a year (e.g. 
E. crispum - Myers 1942; E. excavatum group - Haake 
1967, Wefer 1976, Lutze 1968; E. macel/um - Boltovskoy 
1964). In most foraminifera the gamont or agamont dies 
upon reproduction, and hence in Elphidium each stage sur
vives 6 months to a year and the whole life cycle is annual 
or biennial. 

Life spans are longest where species live close to their 
limits of tolerance and reproduction is only possible in 
one season per year. Life spans are shorter where condi
tions are more favourable and reproduction can occur twice 
a year or more often (Murray 1991 a). Hence E. crispum 
reproduces once a year in temperate areas but twice a year 
in the tropics (Jepps 1942). 

Haynesina depressula is an opportunistic species (r
strategist) that thrives at times of high food availability, 
with an average life span for a stage of3 to 4 months, but 
in optimal conditions of 6 weeks (Murray 1983). 

Mode of life 

Studies on a number of northern hemisphere species of 
Elphidium indicate that this largely opportunistic genus 
can have a number of modes oflife (Murray 1991 a, 1991 b). 
It is mostly free-living in sediment, but sometimes adopts 
a clinging life-style. Elphidium may be an epifaunal or 
infaunal dweller. Its partial reliance on photosynthetic 
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processes for food probably inhibit it from living terribly 
deep in the surface sediments. Specimens of E. excavatum 
have been recorded as living at depths of 0.5 to 6 cm in 
sand (Richter 1964), whereas E. crispum has been shown 
to live in the upper 1 cm (Myers 1943). Haynesina 
depressula is also an infaunal, free-living species (Murray 
1983). 

Nutrition 

Studies on E. crispum, E. excavatum clavatum, 
E. excavatum williamsoni, E. gunteri and Haynesina 
depressula suggest that they are all primarily herbivores 
grazing mostly on pinnate diatoms (Lee 1980, Murray 
1991 b). When required they may sometimes also be 
detritivorous. 

As herbivores, the growth and reproduction of elphidiids 
and Haynesina is related to algal blooms (Myers 1943) 
and hence there is a marked seasonal cyclicity in their 
biomass (Murray 1983, 1991 a). In tidal flats, densities of 
Elphidium or Haynesina range up to several hundred per 
cm2 depending upon food availability (Murray 1991 a). 

Many elphidiids (e.g. E. crispum, E. excavatum, 
E. excavatum williamsoni) and nonionids (Haynes ina) re
tain and husband chloroplasts of some ofthe diatom algae 
they partially consume (Lopez 1979, Lee et at. 1988). 
Numbers of husbanded chloroplasts range between 100 
and 5000 per individual (Lee and Lee 1990). Primary 
production studies have shown that the chloroplasts are 
functional and contribute to the foraminifer's nutrition 
(Lopez 1979, Lee et at. 1988). It has been suggested that 
the complex canal systems of elphidiids and Haynesina 
may have functions in terms of chloroplast husbandry but 
this has not yet been confirmed (Lee and Anderson 1991). 

In shallow, tropical, oligotrophic waters elphidiids prob
ably rely more on husbanded chloroplasts for food than 
they do in temperate waters. In these tropical environ
ments some of the larger elphidiids (e.g. E. craticulatum, 
E. mortonbayense) may be longer-lived k-strategists like 
the associated larger foraminifera (Murray 1991 a). 



ECOLOGY 

NEW ZEALAND SPECIES (Figures 6-13) 

Eleven species or subspecies of Elphidium and one of 
Haynesina live around the coast of New Zealand today. 
Their ecologic distribution has been documented as part 
of quantitative studies on the distribution patterns of all 
benthic foraminifera in a number of areas: Northland - off 
North Cape (Hoskins 1978), Cavalli Islands (Hayward 
1982a), Bay of Islands (Hayward 1981), Helena Bay 
(Hayward & Hollis 1994), Chickens Islands (Hayward et 
at. 1984); Auckland - Great Barrier Island (Hayward & 
Grenfell 1994); upper Waitemata Harbour (Hayward & 
Hollis 1994); Hawkes Bay - offshore east coast (Lewis 
1979); Wellington - Pauatahanui Inlet (Hayward & Triggs 
1994); Marlborough - Queen Charlotte Sound (Hayward 
et at. in prep); West Coast - Oparara Lagoon (Hayward & 
Hollis 1994); Otago - Purakanui Inlet (Hayward et at. 
1996); Stewart Island - Port Pegasus (Hayward et at. 1994). 

These studies show that Elphidium and Haynesina live in 
their greatest abundances (numbers greater than 20% of 
total benthic foraminifera) in intertidal and shallow subtidal 
environments shallower than 2 m depth. They are com
mon members of most benthic foraminiferal faunas in nor
mal marine salinity at inner shelf depths down to about 
30-40 m and in the middle and outer, slightly brackish 
parts of inlets and estuaries. Elphidium tests are recorded 
from all depths down to the CCD (Hoskins 1978, Lewis 
1979), but their abundance decreases rapidly below inner 
shelf depths. Several species may be able to live in low 
numbers at mid-outer shelf depths (Lewis 1979) but it is 

Table 1. New Zealand's present-day Elphidium and Haynesina 
taxa grouped according to the salinity of the habitats in which 
they live. 

Taxa living exclusively in slightly brackish conditions: 
E. excavatum excavatum 
E. excavatum clava tum 
E. gunteri 

Taxa living in both slightly brackish and normal salinity condi
tions: 

E. excavatum williamsoni 
E. advenum limbatum 
Haynesina depresszlia 

Taxa living exclusively in normal marine salinity conditions: 
E. advenum maorium 
E. charlottense 
E. crispum crispum 
E. excavatum oirgi 
E. novozealandicum 
E. vel/ai 

probable that all bathyal records are oftests that have been 
transported there by bottom currents. 

The herbivorous nature of elphidiids and Haynesina and 
the prevalence of chloroplast husbandry presumably re
quire these foraminifera to live in the photic zone and gen
erally limit their depth distribution to the inner shelf. 

In New Zealand, the different Elphidium and Haynesina 
taxa exhibit distinct environmental preferences (Figure 6). 
For a number of taxa, salinity appears to be a key ecologi
cal determinant. Other important influences include fac
tors related to increasing water depth and the degree of 
exposure to high wave and current energy. With respect 
to salinity, three groups of taxa are distinguishable (Table I). 

Brackish group 

Within the brackish group of taxa, there is a strong ten
dency for E. excavatum excavatum to live in lower salin
ity environments (Haplophragmoides, Miliammina, Am
monia-Miliammina, Elphidium associations of Hayward 
& Hollis 1994) than E. excavatum clavatum (Ammonia
Miliammina, Efphidium, Ammonia associations of 
Hayward & Hollis 1994). These two subspecies of 
E. excavatum often are the dominant foraminifera, on their 
own or in association with Ammonia beccarii, on the in
tertidal mud or sand flats of sheltered inlets and the outer 
parts of estuaries (Figure 7), where they may constitute up 
to 100% of the total foraminiferal fauna. 

The other exclusively brackish species, E. gunteri, is no
where common, reaching maximum abundances of about 
5% in intertidal flats in the middle parts of sheltered inlets 
(Miliammina, Ammonia-Miliammina associations of 
Hayward & Hollis 1994). 

Brackish/normal marine salinity group 

In this group of taxa, E. excavatum wilfiamsoni, occurs 
mostly at intertidal depths in the outer parts of estuaries 
and sheltered inlets in normal or periodically slightly low
ered salinity (Elphidium, Ammonia, Haynes ina, Elphidium 
charlottense associations of Hayward & Hollis 1994, 
Hayward & Grenfell 1994). Haynesina depressula, too, 
is most abundant (up to 40% offaunas) in sheltered inter
tidal or shallow subtidal environments with periodic very 
slightly lowered salinity (Figure 8, Ammonia, Haynesina 
associations). Haynesina also lives quite commonly (up 
to 10% of faunas) in a wide range of inner shelf, normal 
salinity environments. 

E. advenum limbatum lives in a similar range of environ-

1 1 



12 

b. FORAMINIFERAL ASSOCIATIONS 
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Figure 6 (opposite) Schematic diagram and charts summarising the eco logic distribution of New Zealand Recent species and 
subspecies of Elphidium and Haynesina, 

a Paralic and coastal foraminiferal associations (sl ight ly modified after Hayward and Holli s 1994, Hayward el ai, 1994, 1996) are: 
Tr - Trochamminila; H - Haplophragmoides wilberli; M - Miliammina; AM - Ammonia-Miliammina ; Ex - Elphidium excavalum; 
A - Ammonia; Hy - Haynesina-Elphidium advenum; Ec - Elphidium charloltense; QZ - Quinqueloculina-Zeajlorilus; N -
Nonione//ajlemingi; B - Bulimina. 

b Relative abundance chart with respect to foram ini fera l associations. 
c Salinity and depth ranges of the foraminiferal associations. 

ments to Haynesina but in considerably lower abundance 
(mostly less than 5% of faunas). It is most abundant (up 
to 15%) in intertidal and shallow subtidal flats in the mid
dle and outer parts of sheltered inlets (Figure 9; Ammo
nia. Haynesina associations). 

Normal marine salinity group 

In this group, E. charlottense is the most abundant and 
widespread species. It is a codominant member of inner 
shelf sand faunas in many parts of the country (Figure 10; 
Quinqueloculina-Zeajlorilus assoc iation), but is most 
abundant (up to 70% of faunas) in beach and shallow 
subtidal sand (up to 3 m depth) in moderately sheltered 
bays (Figure 10; Elphidium charlottense association of 
Hayward 1982a). It often occurs in the current-swept en
trances to estuaries and inlets, but has probably been swept 
in, together with other members of the Quinqueloculina
Zeajlorilus association, from normal salinity environments. 

The next most common and widespread species in this 

Purakanui 
Inlet 

500 m 

group is E. novozealandicum. which occurs through all 
inner shelf assoc iations and is most abundant (up to 10% 
of faunas) in moderately exposed, high energy subtidal 
environm ents in sand and grave l (F igure 11 ; 
Quinqueloculina-Zeajlorilus association). 

E. advenum maorium is relatively uncommon and is large ly 
restricted to normal sa lini ty, subtidal , she ltered to moder
ately sheltered inner shelf environments. It is most abun
dant (up to 5% of faunas) usually in the outer parts and 
entrances of sheltered inlets and harbours (Haynes ina. 
Quinqueloculina-Zeajlorilus associations). 

Of the three geographically restricted species, E. crispum 
crispum is the rarest, constituting up to 2% of faunas in 
relatively sheltered subtidal sand. Where it occurs, 
E. excavatum oirgi has a similar distribution pattern to 
E. charlottense, and is most abundant (up to 10% of fau
nas) in beach and sha llow subtidal sand in sheltered bays 
(Figure 12; Elphidium charlottense, Quinqueloculina as
sociations). E. vellai has a local distribution, but consti-

Pauatahanui Inlet 

1-5% 

6-10% 

11-20% 

21-50% 

Elphidium excavatum S.1. >50% 

Figure 7 Contoured abundance distribution maps of Elphidium excavalum clavatum plus E. excavalum excavalum in 
Pauatahanui Inlet (Wellington) and Purakanu i In let (Otago), New Zealand. Based on data from Hayward and 
Triggs ( 1994) and Hayward et at. ( 1996 ). 
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Purakanui 
Inlet 

1-5% 

6-10% 

11-20% 

21-50% 

> 50% 

Pauatahanui Inlet 
500 m 

Haynesina depressu/a depressu/a 

Figure 8 Contoured abundance distribution maps of Hay nesina depressula depressula in Port Fitzroy (Great Barrier Island) 
Pauatahanui Inlet (Wellington) and Purakanui Inlet (Otago), New Zealand. Based on data from Hayward and Grenfell (1994), 
Hayward and Triggs ( 1994) and Hayward et al. ( 1996). 

tutes lip to 40% of faunas in muddy sand in 10- 20 m depth 
in moderately exposed bays (Figure 13 ; Haynesina asso
ciation, Hayward e/ al. in prep). 

EAST AUSTRALIAN SPECIES 

Over 30 species or subspecies of Elphidium, Haynes ina, 
Pan'ellina and Cris/atavul/atlls live around the coast of 
eastern Australia today. Their ecologic distribution has 
been documented as part of quantitative and qualitative 
studies on the distribution patterns of all benthic 
foraminifera in a few areas: Queensland - Moreton Bay 
(Palmieri 1976a), central Queensland continental shelf 
(Palmieri 1976b); New South Wales - Broken Bay (A lbani 
1978), Port Hacking (A lbani 1968a), Lake Illawarra 
(Yassini & Jones 1988); Victoria - Gippsland Lakes sys
tem (Apthorpe 1980), PM Phillip (Collins 1974). 
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As in New Zealand, these studies show that Elphidium is 
most abundant (numbers greater than 20% oftotal benthic 
foraminifera) in intertidal and shallow subtidal environ
ments shallower than 2 m depth . In addition Elphidium, 
Haynesina and Parrellina are common members of east 
Austra lian benthic foraminiferal faunas in normal marine 
sa lin ity at inner shelf depths down to about 30-40 m. These 
genera are recorded from all depths down to the CCD, but 
their abundance decreases rapidly below inner shelf depths 
and it is doubtfu l that any individuals actually live at depths 
greater than 100 m or so. 

The various taxa exhibit distinct environmental preferences 
in their ecologica l distribution patterns (Figure 14). With 
respect to salinity, three groups of taxa are recogn ised: 

Taxa living exclusively in sl ight ly brackish conditions: 
E. excavatllll1 excavatllm. £. excavatum clavatum, £. gunteri, 
£. phillipense 



1-5% 

6-10% 

11-20% 

21-50% 

>50% 

Purakanui 
Inlet 

500m 

Pauatahanui Inlet 

Elphidium advenum 5.1. 

Figure 9 Contoured abundance distribution maps of Elphidium advenum s. 1. in Pauatahanui Inlet (Wellington), 
Purakanui Inl et (Otago) and Port Pegasus (Stewart Island), New Zealand. Based on data from Hayward and 
Triggs ( 1994), Hayward et at. (1996) and Hayward et at. ( 1994). 

Taxa living in both slightly brackish and normal salinity condi
tions: 
E. excavalum williamsoni, E. exca valum sydneyense, 
E. advenum bolaniense, E. advenum Iimbalum, E. lene, 
Haynesina depressula 

Taxa living exclusively in normal marine salinity conditions: 
E. macellum, E. craticulalllm, E. mortonbayense, E. crispum 
crispum, E. hispidulum, E. fichtellianum, P imperatrix, 
£. oceanicum and a number of rarer species. 

Brackish group 

E. excavatum excavatum appears to be the elphidiid most 
tolerant oflow salinity conditions, occurring quite widely 
in upper and middle estuarine locations. E. excavatum 
clava/um is common and at times codominant with 
Ammonia beccarii in intertidal and shallow subtidal mid
dle estuaries, bays and lagoons, especially in the south 
around the coasts of New South Wales and Victoria (e.g. 
Apthorpe 1980). 
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1-5% 
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11-20% 

Pauatahanui Inlet 

E/phidium char/ottense 

Figu re 10 Contoured abundance distribution maps of £/phidium charlollense at the Cavalli Islands (Northland) and in Pauatahanui 
and Purakanui Inlets (Wellington and Otago), New Zealand. Based on data from Hayward (1982a), Hayward and Triggs (1994) 
and Hayward el al. ( 1996). 

Brackish/normal marine sa linity group 

In this group, the southern taxon E. exeavafum wil/iamsoni 
occurs mostly at inter1idal depths in the outer parts of es
tuaries and sheltered inlets in normal or periodically slightly 
lowered sal inity (£/phidium, Ammonia. Haynesina asso
ciat ions). Hay /1 es ina depressu/a and £. advenum 
bofaniense occur along most of the east coast of Australia 
and have their greatest relative abundances in intertidal or 
shallow subtidal environments in sheltered bays and har
bours, outer estuaries or coastal lagoons (e.g. Albani 1968, 
Apthorpe 1980) with periodic very slightly lowered salin
ity (25-35 %). Haynesina also lives quite commonly (up 
to 5% of faunas) in a wide range of inner she lf, normal 
sa linity environments. E. advenum limbafum occurs in a 
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similar range of environments to the two preceding taxa, 
but appears to be limited to the southern parts of the east 
coast of Australia. 

Normal marine salinity group 

E. maeel/um, E. erispum erispum and P imperatrix are 
frequently major components of low tidal and shallow 
subtidal (0-20 m depth), normal sa linity foraminifera l as
sociations throughout the east coast of Austra lia, with fau
nas domi nate d by combinations of Textu/aria, 
Quinque/oeulina, Spir%eulina, Tri/oeulina, Diseorbis 
and elphidiids. 

In the north , along the coast ofn0l1hern New South Wales 



Port Pegasus 

Figure II Contoured abundance di stribution map of Elphidium novozealandicum in Port Pegasus 
(Stewart Island), New Zealand. Based on data from Hayward el at. (1994). 

Figure 12 Contoured abundance distribution maps 
of Elphidium excavalum oirgi at the Cavalli Is
lands (North land), New Zealand. Based on data 
from Hayward ( 1982a). 
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Figure 13 Contoured abundance distribution maps of Elphidium vel/ai in Queen Charlotte Sound (Marlborough), 
New Zealand. Based on data from Hayward al al. (in press). 

and Queensland , E. eratieulatul11, E. l11 orlonbayense, 
E. albanii and E. hispidulul11 are also often major compo
nents of these low tidal and shallow subtidal foraminiferal 
associations. 

SOUTH-WEST PACIFIC ISLAND SPECIES 

The ecologic distribution pattern of elphidiids around the 
South-west Pacific islands is largely based on the fauna l 
samples of this study and is therefore limited in its extent. 
There have been no published accounts on the ecological 
distribution offoraminiferal faunas in that part of the South
west Pacific encompassed by this study. 

Only the larger islands in the region have sufficient fresh
water run-off to create brackish habitats (e .g. Fiji, New 
Caledonia, Solomon Islands). Like elsewhere in the world , 

E. exeavalul11 exeavalul11 and E. exeavalul11 c!avatul11 are 
the elphidiids tolerant of the lowest salinity conditions such 
as the midd le reaches of estuaries. Species to lerant of 
slightly brackish to normal marine salinity from intertidal 
to sha llow subtidal depths are E. fijiense, E. advenul11 
advenul11, E. advenul11 lil11balul11, E. advenul11 botaniense, 
E. oeeanieul11 and E. retieu/osul11 (Figure 14). 

E. erisp ul11 erispul11, E. eratieulalul11, E. l11aeellul11, 
E. hispidulul11, E. fiehtellianul11 and E. retieulosul11 are all 
common members of foraminiferal faunas living in clean 
sand in coral-enc losed lagoons, bays and outer reef slopes 
around the tropica l islands in the South-west Pacific (pos
sibly k-strategists), in diverse faunas dominated by com
binations of Textularia, QUinqueloeulina, Spir%eulina, 
Triloeulina, Elphidiul11, Peneroplis, Al11phislegina, 
Baeulogypsina, Tinoporus, Diseorbis and Opereulina. 

Figure 14 (opposite) Summary of the ecologic distribution of east Australian and South-west Pacific Island Recent species and 
subspecies or f-:lphidilll1l . Pan'ellina and Haynesilla. 

a Relative abundancc kite diagrams with respect to coastal habitats and foraminiferal associations: Agg = Agglutinated foraminiferal 
associations: EA = £/phidillll1 excavalwll - Ammonia beccarii associati on; H = Haynesina depressula - £/phidium advenum 
association . 

b Salinity and depth ranges of the foramin iferal associat ions and hab itats. 
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Existing records (Appendix 1) give an overall but incom
plete picture of the geographic distribution of Recent 
elphidiids in the South-west Pacific (Appendix 2). Our 
records are considered to be most complete for the three 
main islands of New Zealand and the Chatham Islands. 
Satisfactory coverage is available for eastern Australia, 
Tonga, Fiji, Lord Howe, Norfolk and the Kermadec is
lands, with poor coverage of the other island groups, es
pecially of New Caledonia, Samoa and the Cook islands. 

Elphidiids in the South-west Pacific exhibit a variety of 
distribution patterns (Table 2). Some taxa are widespread 
throughout the region ( e.g. E. advenum limbatum), others 
have a tropical distribution (e.g. Cristatavultatus pacificus, 
E. craticlllatllm) or a cooler water distribution (e.g. 
E. advenllm maorillm. E. charlottense), and some are re
stricted to a single island group or local area of coast (e.g. 
E. phillipense, E. vavallense, E. vitreum). Several spe
cies appear to be restricted to the New Zealand area (e.g. 
E. novozealandicum, E. vellai) and a number to eastern 
Australia (e.g. Parrellina spp., E. mortonbayense). 

SOUTH-WEST PACIFIC SPECIES (Figures IS-21) 

Of the forty-one species and subspecies of Elphidium, 
Cristatavultatus, Parrellina and Haynesina living in the 
South-west Pacific, nearly half (4S%) have a cosmopoli
tan distribution extending well beyond the region. Some 
of these occur in a wide range of climate zones right around 
the world (e.g. E. excavatllm excavatllm. Haynesina 
depress ula) , some live in warmer waters around many parts 
of the world (e.g. E. crispllm. E. macelhun). some have a 
sporadic distribution around the world in several widely 
separated areas (e.g. E. sandiegoense. E. silvestrii) and 
some are widely distributed in the tropical Pacific 
(E. advenllm dispar, E. hispidlilum. Cristatavultatus 
pacific liS). 

Approximately SO% of the Recent taxa are endemic to the 
South-west Pacific. Three appear to be restricted to the 
islands, being absent from east Australia and New Zea-

Table 2. Biogeographic distribution pattern of the species and 
subspecies of Elphidilllll, Cristatavllitatus, Parrellina and 
fiaynesinLl living in the South-west Pacific. 

Cosmopolitan or widespread distribution 
Endemic to wider South-west Pacific 
Endemic to Australia 
Endemic to New Zealand 
Endemic to Tonga 

TOTAL 

20 

No of taxa % 

18 
8 
11 
3 

41 

43 
19 
27 

7 
2 

100 

land (E. advenllm tongaense, E. /Ljiense. E. reticlllosllm) , 
four occur around the islands and east Australia 
(E. advenum botaniense. E. carteri, E. oceanic 11m, 
H. depressula simplex), one is present around the islands 
and New Zealand (E. charlottense) and one around the 
islands, east Australia and New Zealand (E. advenllm 
maorium). 

One species (E. vavauense) appears to be endemic to a 
single tropical island group (Tonga). 

AUSTRALIAN SPECIES 

Almost 30% of the Recent taxa appear to be endemic to 
eastern Australia. Four of these species are common and 
extend most of the way along the coast from Queensland 
to Victoria or Tasmania (E. argenteum, E. hawkesburiense, 
P imperatrix, P verriculata), three are restricted to the 
warmer coasts of Queensland and New South Wales - one 
as a common species (E. mortonbayense) and one less 
common with sporadic records (E. collins i). Two taxa are 
known only on the coast of New South Wales 
(E. excavatum sydneyense, P papillosa) and two species 
are only known from the Port Phillip area of Victoria 
(E. phillipense, E. vitreum). There are no species known 
to be endemic to Tasmania. 

NEW ZEALAND SPECIES (Figures 22-24) 

Three (2S%) of the twelve species or subspecies of 
Elphidium and Haynesina living around New Zealand to
day are endemic. The coarsely perforate E. vellai has the 
most local distribution, in that it is only known in near 
normal marine salinity in two localities - one within and 
adjacent to the Marlborough Sounds at the northern end 
of the South Island, and the other in the Waitemata Har
bour in the North Island (Figure 24). The glassy 
E. excavatum oirgi is restricted to a SOO km length of coast 
along the northeast of the North Island (Figure 23). The 
third endemic species, E. novozealandicllm, lives around 
all the main islands of New Zealand as well as the Chatham 
Islands and most of the subantarctic islands (Figures 19, 
24). 

Two further species, E. charlottense and E. advenllm 
maorium, appear to be endemic to the southern part of the 
South-west Pacific (Figures IS, 16,22). Both occur around 
the three main islands of New Zealand, with 
E. charlottense also known from Lord Howe Island and 
E. advenum maorium known from Chatham, Lord Howe 
and Norfolk islands and Victoria in southeast Australia. 

Five of the remaining seven cosmopolitan species occur 
right around New Zealand's three main islands with 
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Figure 15 Summary of the recorded distribution of the six Recent subspecies of Elphidium advenum throughout the South-west 
Pacific. 

21 



• 

E/phidium advenum 
tongaense 

• .-; .. ,. • • 

E/phidium argenteum 

.' .. 

E/phidium char/ottense 

" 
.!::,,::: 
.:~~ 

- JAr' 
':'q 

. . 

• 

E/phidium a/banii 

" 

E/phidium carteri 

.-; .. 

E/phidium collinsi 

.' .. 
" 

.-; .. 

Figure 16 Summary of the recorded distribution of Recent Elphidium advenum tongaense, E. albanii, E. argenteum, E. car/eri, 
E. charlollense and E colllllsi throughout the South-west Paci fico 
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Figure 17 Summary of the recorded distribution of Elphidium craticulatum, E. crispum crispum and four Recent subspecies of 
E/phidium excavatum throughout the South-west Pacific. 
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Figure 18 Summary of the recorded distribution of Recent Elphidium excavallim williamsoni, E. jichlellianum, E. jijiense, 
E. gunteri, E. hawkesbllriense, and E. hispiduilim throughout the South-west Pacific. 
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Figure 19 Summary of the recorded distribution of Recent Elphidium lene, E macellum, E mortonbayense, E novozealandicum, 
E oceanicum and E phillipense throughout the South-west Pacific. 
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Figure 20 Summary of the recorded distribution of Recent Elphidium reticlilosum, E sandiegoense, E silvestrii, E vavauense, 
E. vellai and r:. vitreulIl throughout the South-west Pacitic. 
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Figure 21 Summary of the recorded distribution of the Recent species ofCristatavultatus, Parrellina and Haynesina throughout 
the South-west Pacific. 
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Figure 22 Recorded distribution of Recent Elphidium advenllm limbaillm, E. advenum maorium, E. char/ollense and E. crispum 
crispum around the coast of New Zealand's three main islands. 
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Figure 23 Recorded distribution of the Recent subspecies ofElphidium excavatum around the coast of New Zealand"s three main 
islands. 
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Figure 24 Recorded distribution of Recent Elphldillm gllnterf, f.'. novo=ealandfclll11, E. vellaf and Haynesina depressula depressula 

around the coast ofNe\\ Zealand's three main islands. 
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E. advenum limbatum and H. depressula depressula also 
present on the Chatham and Auckland islands. 
E. excavatum clavatum, E. excavatum excavatum and 
E. excavatum williamsoni are not present on the Chatham 
or subantarctic islands, despite the presence of suitable 
brackish environments at least on Chatham Island. 

The two remaining cosmopolitan taxa are more restricted 
in their New Zealand distribution. E. gunteri occurs spo
radically in slightly brackish habitats around all of the North 
Island and north end of the South Island (Figure 24), 
whereas E. crispum crispum is only known from four lo
calities off the northeastern coast of the North Island. 

In summary, most species live right around New Zealand's 
three main islands and some have extended ranges across 
to the Chatham and subantarctic islands. Ofthe four more 
restricted taxa, two live only off the northeast coast under 
the influence of the warm East Auckland Current and two 
live in the northern half of the country, one with a very 
local distribution. 

DISPERSAL MECHANISMS 

The biogeographic patterns show that many elphidiid taxa 
have managed to disperse widely around the world and 
the South-west Pacific. They are obviously capable at times 
of dispersing across oceanic barriers of up to 1500 km. 
The best examples are the cosmopolitan species, some of 
which (e.g. E. advenum, E. excavatum, H. depressula) live 
throughout the world. 

In contrast to these cosmopolitan species, there are a 
number of taxa (e.g. E. vavauense, E. vitreum) that are 
endemic to relatively small areas and for some reason have 
not dispersed widely. This mixture of widespread and lo
cally endemic taxa in shallow water benthic foraminifera 
is also found around the coast of North America (Buzas 
and Culver 1991) and in the shallow water Bolivinellidae 
(Hayward 1990a). 

The question that arises is, how do shallow water benthic 
foraminifera like the elphidiids, which lack a pelagic stage 
in their life cycle, manage to be so widely dispersed at 
times? Elphidiids do not develop float chambers (unlike 
some Rosalina-Tretomphalus), which would facilitate 
trans-oceanic dispersal, nor do they live cemented to or 

clinging to seaweeds or seagrass, and thus dispersal on 
floating plant material ripped up by storms is also unlikely. 
The two most likely methods of trans-oceanic transport 
are on the feet or feathers of migratory seabirds and trans
port by ocean currents of individuals suspended in the water 
column. 

For elphidiids that live in intertidal sand and mud flats 
(e.g. E. excavatum group, E. advenum group, E. gunteri, 
Haynesina depressula) transport in sediment clinging to 
the feet or feathers of migratory birds seems the most likely 
methods of dispersal (Resig 1974, Patterson 1987). Many 
hundreds of thousands of wading seabirds migrate every 
year between New Zealand and the northern hemisphere 
and between New Zealand and Australia. Many of them 
do not land on the sea en route but do stop off at various 
coastal and island resting places on the way. For the ma
jority, their first and last landfalls on their journeys are 
intertidal mud and sand flats. 

For elphidiids that do not appear to live intertidally and 
most commonly live in normal marine environments on 
the inner shelf (e.g. E. crispum crispum, E. macellum, 
E. jichtellianum, E. oceanicum), successful transport by 
birds would be unlikely. The most likely method is that 
proposed for bolivinellids (Hayward 1990a) - via oceanic 
current transport. Although this method is not well docu
mented, several studies have shown that strong tidal and 
storm-generated bottom currents or upwellings can lift 
small benthic foraminifera into suspension to be carried 
away (Murray et al. 1982, Foster & Battaerd 1985). 
Benthic foraminifera are occasionally recorded from plank
ton tows in the oceans, but juvenile tests (1-3 chambers) 
would pass through many nets and be difficult to identify, 
even as benthic foraminifera, if caught. Thus transport of 
juvenile elphidiids in currents appears to be quite feasi
ble. Because foraminifera reproduce assexually as well 
as sexually, the chance arrival of even a single schizont 
individual in a favourable habitat could be a successful 
colonising event. 

Why some elphidiids are widely dispersed and others are 
not is difficult to explain, as many of the locally endemic 
species occur in equal abundance and in the same habitats 
as those that are cosmopolitan. Perhaps certain taxa are 
better adapted to survive a trans-oceanic journey in sus
pension. 
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PALEOECOLOGY OF NEW ZEALAND FOSSIL ELPHIDIUM , 
DISCOROTALIA AND HAYNESINA 

Elphidiidae occur widely throughout the New Zealand 
fossil record from middle Eocene times onwards. Their 
occurrence is strongly dependent on the environment in 
which the sediment originally accumulated. 

PALEODEPTH (Figure 25) 

All taxa except those from the early and middle Eocene 
appear to have lived at shelf depths (shallower than c. 200 
m) and almost all of these lived at their greatest abundances 
in paralic or inner shelf depths (shallower than 50 m). This 
suggests that elphidiids may have adopted a primarily her
bivorous feeding strategy and begun husbanding 
chloroplasts in the late Eocene. There are occasional 
records of late Eocene to Pleistocene elphidiid tests oc
curring in bathyal foraminiferal faunas, but all of these are 
inferred to be a result of post-mortem downslope transport. 

In all instances where an elphidiid taxon (e.g. E. crispurn 
crisp urn, E. crispurn waiwiriense, E. advenurn lirnbaturn) 
constitutes more than 40% of a foraminiferal fauna, the 
associated assemblage has extremely low abundances of 
planktic tests (usually 0%) and a low diversity benthic 
fauna. By comparison with modern assemblages, we in
fer these faunas to have lived in intertidal or shallow 
subtidal beaches or tidal flats. Although E. kana urn does 
not exceed 15% relative abundance it reaches its greatest 
abundances in these intertidal or shallow subtidal associa
tions with either of the two E. crispurn subspecies domi
nant (e.g. Hayward & Brook 1994). 

Taxa that appear to have lived entirely at inner shelf depths, 
shallower than 50 m, and are unknown from fossil assem
blages typical of greater depths, are: E. advenurn advenurn, 
E. advenum limbatllm, E. advenzllJ1 rnacelliforrne, 
E. carteri, E. crisplll11 wail1'iriense, E. excavatllrn 
excavalurn, E. excavatum williamsoni, E. ingressans, 
E. matauraense, E. oceaniclll11 and E. schencki. 

Taxa that appear to have lived in their greatest relative 
abundances (up to 10% of foraminiferal faunas) at inner 
shelf depths, but also frequently occur in lower abundances 
(less than 5%) in assemblages of mid or outer shelf char
acter (50-200 m) and may have lived at these greater depths 
ate: E. aClileatlll11 sllbrotatlll11, E. charloffense, E. crisplllll 
Cl'iSPlln1, E. excavatlll11 clavatllm, E. kanoll/J1, 
E. novozealandiclll11, E. aff. l1ovozealandiclIrn, 
E. pseudoinflatll/11, E. wadeae, Discorotalia tenllissima 
and Haynesina depress lila. 

Taxa that appear from the associated fauna to have lived 
more commonly at sheltered, deep inner, mid or outer shelf 
depths (c. 30-150 m) are: E. aCl/leatlim l1orcolti, 
E. advenun1 maorilllJ1 and Discoro/alia OI·anea. 
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The early Eocene, Chatham Island species E. rnat
anginuiense occurs in assemblages that suggest that it lived 
at outer shelf to upper bathyal depths (c.100-400 m). 

The widespread, biostratigraphically important, middle 
Eocene species E. harnpdenense and E. saginaturn have 
relative abundances up to 10% in a wide range of 
foraminiferal assemblages. Associated species indicate 
that E. hampdenense lived throughout most of the depth 
range between mid shelf and mid bathyal (c. 50-2000 m) 
and that E. saginatum lived throughout the upper and mid 
bathyal (c. 200-2000 m). 

PALEOSALINITY 

Because of New Zealand's tectonic instability and the tran
sitory nature of brackish estuarine and paralic systems, very 
few brackish foraminiferal faunas have been identified in 
the New Zealand fossil record. All but one of the known 
fossil occurrences ofElphidiidae in the New Zealand fos
sil record appear to be in normal marine salinity assemblages. 

From this we conclude that all the Elphidiidae taxa found 
fossil in New Zealand could live in normal marine salin
ity. One possible exception is E. excavaturn, which has 
only been found in two fossil samples and is restricted to 
brackish environments around New Zealand today. The 
absence of the modem brackish-restricted E. gunteri from 
the fossil record is probably a result of the lack of suitably 
preserved rocks rather than its recent arrival here. 

In the present day, some Elphidiidae can live in normal 
marine salinity but appear to have their greatest abundances 
in slightly brackish, sheltered environments in the middle 
and outer parts of estuaries, bays and harbours. The same 
was probably true in the past, and indeed E. advenum 
limbatum occurs in its greatest fossil abundance (c. 50% 
of a fauna and codominant with Haplaphragmoides) in a 
fauna (S 141£13, core 14.4 m) that has all the characteris
tics of an intertidal to shallow subtidal, slightly brackish 
environment. Modem ecological ranges indicate that fos
sil E. advenum group, E. excavatum group and Haynesina 
depress lila probably were most abundant in slightly brack
ish conditions. 

PALEOTEMPERATURE INFORMATION FROM 
NEW ZEALAND FOSSIL ELPHIDIUM 

Present-day distribution patterns provide a basis for de
termining, albeit coarsely, New Zealand paleotemperature 
trends using the fossil elphidiid record. Haynesina 
depresslila ranges throughout the South-west Pacific to
day and is therefore of little assistance. As a whole, the 
genus Elphidium is cosmopolitan in present-day seas, but 
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Figure 25 Interpreted paleodepth ranges offossil New Zealand elphidiids. 
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studies on the distribution of diversity, individual selected 
taxa and morphology provide a guide to paleotemperature 
variations. 

Diversity trends in Elpltidium taxa 

Around New Zealand today there is a slight increase in 
diversity of Elphidium from south to north (cool to warm): 
Stewart Island (7 taxa), South Island (9 taxa), North Is
land (11 taxa). A simi lar trend is present if all the main
land areas in the South-west Pacific, with a wide range of 
brackish, paral ic and shallow normal marine environments, 
are compared: 

Temperate - Stewart, South, North Islands (NZ) 

Temperate - Tasmania 
Cool subtropical - Victoria 
Warm subtropical - New South Wales 
Tropical - Queensland 

11 taxa 
I I taxa 
17 taxa 
21 taxa 
18 taxa 

The less comprehensive sampling and lower diversity of 
shallow and brackish environments around the islands in 
the South-west Pacific makes it more difficult to interpret 
any diversity trends. By combining species lists for all the 
islands in different climatic regions, a similar trend of in
creasing diversity with increasing temperature is obtained: 

Subantarctic islands - Chatham, Auckland, Campbell, 
Antipodes 4 taxa 

Warm subtropical islands - Lord Howe, Norfolk, 
Kermadecs 12 taxa 

Eastern tropical islands - Cook, Tonga, Samoa, Fiji 
16 taxa 

Western tropical islands - New Caledonia, Vanuatu, 
Solomon 16 taxa 

Elphidillm diversity through the Cenozoic of New Zea
land is shown for each New Zealand stage in Figure 26. 

The world-wide increase in diversity in the late Eocene is 
unlikely to be caused by increasing temperatures. Fol
lowing that, however, there is a steady increase in diver
sity in New Zealand through to the early Miocene (Otaian) 
followed by a slow decline through the early and middle 
Miocene (to Waiauan) and a rapid decrease into the late 
Miocene (Tongaporutuan). 

The early and middle Miocene period of highest diversity 
corresponds well with the warmest period in the last 40 
million years in New Zealand (Hornibrook 1992). The 
sharp decline in diversity at the end ofthe middle Miocene 
coincides with the onset of temperature decline in New 
Zealand and other high latitude areas (Kennett 1985) and 
the loss of many warm water taxa (e.g. Hornibrook 1978, 
1992; Hayward 1990a). 

A diversity of 12-14 Elphidium taxa throughout most of 
the early and middle Miocene in New Zealand corresponds 
to present-day diversity in the subtropical zone (cf. Lord 
Howe, Norfolk and Kerrnadec Islands) of about 18-24'C 
or about 5-8'C warmer surface water temperatures than at 
present in New Zealand, which is very similar to that cal
culated from fossil reef corals and bolivinellid foraminifera 
(Hayward 1977, 1990a). 

The increase in diversity in New Zealand in the Recent 
does not correspond with any known warming trend, but 
is explained by the far more extensive sampling under
taken in the Recent and the paucity of brackish faunas in 
the fossil record. 

Distribution of Elplridium crispum 

The present day distribution of E. crispum in the South
west Pacific and especially around New Zealand indicates 
that it is a tropical and subtropical species. Its southern, 
probably temperature-controlled, geographic limit is off 

Number of Elphidium taxa in NZ through time 
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eastern Northland (Figure 22), within the influence of the 
warm East Auckland Current, with a seasonal sea surface 
temperature range of 16-20°C. The moderately small size 
(less than 0.6 mm) of these Northland specimens confirms 
that they are living near their limit of cool water tolerance. 
Larger specimens (greater than I mm) of E. crispum are 
found in warmer subtropical and tropical environments 
around the South-west Pacific islands and the east coast 
of Australia. 

When applied to the New Zealand fossil record of 
E. crispum, the present distribution of this species pro
vides an indication of seawater paleotemperatures. 
E. crispum occurs throughout New Zealand from latest 
Eocene to early Pliocene, which suggests that the whole 
country was probably as warm as, or warmer than, present
day Northland during much of this long period. It is un
known from the South Island later than early Pliocene, 
although it does occur throughout the Pliocene of the 
Chatham Islands. Thus it may be inferred that, from the 
middle Pliocene onwards, the seas around the South Is
land were probably mostly cooler than at present off the 
east coast of Northland. This is in good agreement with 
the oxygen isotope record from the southern Tasman Sea 
which shows a marked cooling about 3 Ma, after a rela
tively stable warm period during the early Pliocene (Head 
and Nelson 1994). 

E. crispum occurs throughout most of the Pliocene and 
Pleistocene in various parts of the North Island, and only 
became restricted to northeastern New Zealand relatively 
recently. Thus it appears that during a number of intergla
cial episodes during the Pliocene and Pleistocene, sea sur
face temperatures may have become as warm around much 
of the North Island as they are today off east Northland 
(c.16-20°C). 

Large specimens of E. crispum are common in the New 
Zealand fossil record throughout the Oligocene and 
Miocene, suggesting that sea surface temperatures during 
this period were probably significantly warmer than off 
eastern Northland today and probably more similar to those 
around the warm subtropical islands of Norfolk or the 
Kermadecs (c.18-24°C) - the same conclusion as that 
reached using Elphidium diversity levels. 

Morphology 

As already noted for E. crispum, large size of some 
Elphidium tests (greater than 1 mm diameter) often indi
cates warmer sea temperatures. The largest species of 
Elphidium, E. craticulatum and E. mortonbayense are re
stricted to tropical areas. Apart from E. crispum crispum, 
other fossil Elphidium taxa that reach similar large diam
eters are E. aculeatum norcotti, E. aculeatum subrotatum, 
E. crispum waiwiriense and E. kanoum. All these occur
rences are in the early Miocene (Otaian and Altonian) 
which was probably the warmest period in New Zealand 
since the early Eocene (Hornibrook 1992). 

Another morphological trend within Elphidium with in
creasing temperature appears to be an increase in the 
amount of robust surface ornament. In the present-day 
South-west Pacific, strongly raised, glassy umbonal bosses 
appear to be largely restricted to tropical or warm 
subtropical taxa (e.g. E. fijiense, E. hispidulum, 
E. vavauense). In the New Zealand fossil record, taxa 
with similar strongly raised umbonal bosses (E. aculeatum 
subrotatum, E. crispum waiwiriense, E. ingressans, 
E. kanoum) are restricted to late Eocene to middle 
Miocene, where many lines of evidence show that sea sur
face temperatures in the area were at least warm subtropi
cal (4"C or more warmer than today). 
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SPECULATIVE PHYLOGENY OF NEW ZEALAND ELPHIDIUM AND 
DISCOROTALIA 

SPECIES DURATION (Figure 27) 

Species durations for all Elphidium and Discorotalia taxa 
in New Zealand range between <I and 39 million years, 
with a mean of 14.5 million years. Taken separately, the 
mean duration for all fossil taxa that are extinct in New 
Zealand is 12 million years and for extant New Zealand 
taxa is 19 million years. These are similar values to the 
mean of 16 million years recorded by Buzas and Culver 
(1984) for common benthic foraminiferal species occur
ring at depths shallower than 200 m off the east coast of 
North America. They are longer than the values of 6.5 
and 3.5 million years for extinct and extant bolivinellid 
foraminifera worldwide (Hayward I 990a). 

The high level of overall endemism for New Zealand 
elphidiids (48%), relative to the levels during each indi
vidual epoch is a reflection of the difference in longevity 
between endemic and more widespread taxa. On average, 
endemic taxa have considerably shorter time ranges (range 
<1-33 million years, mean 10 million years) than those 
species that also occur elsewhere in the world (range 
<1-39 million years, mean 19 million years). This obser
vation is strengthened by the fact that the New Zealand 
stratigraphic range of the non-endemic taxa is a minimum 
range only. 

NEW ZEALAND SEGMENTS OF THE 
ELPHIDIID PHYLOGENETIC TREE 

As the stratigraphic record of the elphidiids from other 
regions of the world has not been synoptically reviewed 
and documented, it is difficult to speculate on the over
seas origins and relationships of the species that are present 
in the Cenozoic in New Zealand. 

It is clear that New Zealand has received a sporadic flow 
of immigrant elphidiids from overseas throughout the 
Cenozoic. There would have been numerous immigrant 
arrivals that did not survive to proliferate in New Zealand 

waters. Only those that successfully established breeding 
populations, dispersed around the country and survived 
here for many thousands or hundreds of thousands of years 
are likely to be recorded in the fossil record. 

The lack of overseas stratigraphic reviews makes it diffi
cult to determine whether any New Zealand elphidiid spe
cies emigrated and became established in other parts of 
the world. As discussed in the section on "Dispersal mecha
nisms", most elphidiids were probably brought to New 
Zealand by currents sweeping across the Tasman Sea from 
our nearest neighbours in the west or northwest. It is un
likely that currents could take elphidiids back across the 
Tasman, but they might have successfully transported 
specimens the much greater distances eastwards across the 
Pacific to South America. As some intertidal elphidiids 
may have been transported in by migrating birds, it is 
equally likely that some taxa successfully emigrated out 
by this method to Australia, the Pacific islands and Asia. 

The New Zealand fossil record only contains a fragmen
tary elphidiid phylogenetic tree. We have attempted to 
reconstruct these pieces, particularly where it appears that 
ancestor-descendant relationships are present in the New 
Zealand record. 

The New Zealand fossil record can be grouped into eight 
separate branches or lineages, based on gross morphologi
cal similarities (Table 3). 

Elphidium excavatum branch (Figure 28) 

On this branch we include four subspecies of E. excavatum, 
plus three other species with broadly rounded peripheries 
and lacking keels - E. saginatum, E. gunteri and E. vel/ai. 

E. excavatum is a cosmopolitan, largely brackish species 
with a number of recognised subspecies or forms that are 
widely distributed around the world today. Exactly where 
and when these taxa evolved is not determinable from the 

Table 3. Gross morphological criteria used to group fossil Ne\\ Zealand E/phidium and Discorotalia species into speculative 
phylogenetic branches. 

Branch 

10'. excavalllll1 

f. advenllll1 

E. CriSPlI1II 

10'. aCIi/eallllll 

E. hampdenense 
E. ingressans 
E. novo:ea/andIClim 
Discorola/ ia 
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Proti Ie 

elliplical 
lenticular 
compressed lenticular 
compressed 
intlated lenticular 
lenticular 
compressed 
compressed 

Peripher~ 

broadly-rounded. no keel 
acute 
acute. keeled 
spines 
acute. keeled 
acute. keeled 
keeled 
keeled 

Ornament Other 

strong septal bridges 
strong reticulate 
long. concentric septal bridges 
strong reticulate 

intlated chambers 
non-inflated chambers 

strong reticulate loosely coiled test 
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Figure 27 Species duration histograms for New Zealand Elphidium, showing number of species or subspecies 
against their New Zealand time ranges in millions of years for: a. extant species, b. total species (endemic and 
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New Zealand fossil record. It is probable that each, except 
for the seemingly endemic E excavatum oirgi, arrived in 
New Zealand as separate immigrant events from overseas. 

The earliest record of this branch in New Zealand may be 
the middle Eocene, southern hemisphere species, 
E saginatum, which, despite its bathyal depth range, is a 
possible candidate as an ancestor (possibly via a number 
of intermediate species in the late Eocene and Oligocene) 
of the paralic and inner shelf E excavatum group. If so, 
there was a major ecological shift, possibly accompany
ing the adoption of a herbivorous feeding strategy and the 
husbandry of chloroplasts. 

E excavatum first appears in New Zealand as E excavatum 
clavatum in the early Miocene. Taxa that may have evolved 
from this stock overseas and later immigrated to New Zea
land are E excavatum excavatum with shorter septal 
bridges (arriving by the Pliocene), E. excavatum 
williamsoni with longer septal bridges (arriving by the 
Pleistocene), and the coarsely perforate E gunteri (cur
rently only known in New Zealand in the Recent, but oc
curs in the Miocene of the Dominican Republic). 

An alternative scenario is that E excavatum excavatum, 
E excavatum clavatum and E excavatum williamsoni are 
really ecophenotypic forms of a single taxon which only 
needs to have immigrated to New Zealand on one occa
sion (in the early Miocene). 

Possibly evolving in New Zealand in the late Cenozoic, 
although lacking a fossil record, are E excavatum oirgi, 
which is a glassy form of E excavatum williamsoni, and 
E vellai, which was probably derived from E gunteri with 
the loss of umbonal tubercles and reduction in the septal 
bridges. 

Although we speculate here that E gunteri and E vellai 
were possibly part of the E excavatum branch, their more 
coarsely perforate texture may indicate that they belonged 
to a separate branch. 

This branch is represented in New Zealand today by six 
species or subspecies. 

Elphidium advenum branch (Figure 29) 

On this branch we include four subspecies of E advenum, 
plus E carteri and E matanginuiense. All have some

what inflated chambers, lenticular profiles with acutely 
angled peripheries. 

E advenum advenum is cosmopolitan and may have 
evolved anywhere in the world in the early or middle 

Eocene. The earliest Elphidium in New Zealand, 
E matanginuiense, has sufficiently similar shape that it 
could conceivably have evolved, with strengthening of a 
peripheral keel and lengthening of the septal bridges, into 
E advenum advenum, although not necessarily in New 
Zealand. 

In the late Eocene, E advenum advenum probably gave 

rise (with loss of umbonal boss) to E advenum limbatum 
and in the early Oligocene (with increasing size and infla
tion) to the E. advenum macelliforme. E advenum 
maorium probably evolved from E advenum limbatum 
also in the late Eocene in the South-west Pacific (with 
weakening ofthe keel). Alternatively, several ofthese sub
species may really be ecophenotypic forms of E advenum 
and not genetically separate taxa. 

E carteri is most similar in gross form to E advenum 
limbatum, from which it possibly evolved with the devel-
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opment of radial ribs and coarse pustular ornament in the 
early Miocene of the South-west Pacific or New Zealand. 

Other taxa on this branch that occur in the South-west Pa
cific today are E. advenum botaniense and E. advenum 
tongaense. The latter probably evolved from the former 
as coiling became more evolute and the chambers slightly 
longer. 

Six members of this branch still live in the South-west 
Pacific today, with two in New Zealand. 

Elphidium crispum branch (Figure 30) 

On this branch we include two subspecies of E. crispum. 
plus two other species with acute, keeled peripheries and 
compressed, lenticular profi les. 

As E. crispum crispum has a cosmopolitan distribution, it 
is most probable that it arrived in New Zealand from else
where in the late Eocene. The other three taxa on this 
branch appear to be endemic and are inferred to have 
evolved from E. c. crispum within New Zealand. 
£. charlottense appeared first in the early Oligocene, with 
fewer chambers, fewer septal bridges and a reduced 
umbonal boss, and from this E. matauraense may have 
evolved in the early Miocene with a reduced keel and fur
ther reduction of the umbonal area with tighter coiling. 
Also appearing in the early Miocene, most likely from the 
parent E. c. crispum stock is E. c. waiwiriense which has a 
greater number of chambers, septal bridges, a larger and 
more compressed test and development of a double row 
of sutural pits in adult tests. 

This branch still lives in New Zealand today (E. c. crispum 
and £. charlottense). 

Elphidium aculeatum branch (Figure 31) 

On this branch we include two subspecies of E. aculeatum, 
with their distinctive compressed profiles, strong septal 
bridges and peripheral spines. 

E. aculeatum aculeatum is described from the Miocene of 
Europe and probably had a widespread distribution. In 
the earliest Miocene an offspring of this original stock with 
slightly longer septal bridges and possessing umbonal tu
bercles arrived in New Zealand as E. aculeatum norcotti. 
Later in the early Miocene within New Zealand, it appears 
that this subspecies developed a strong, raised umbonal 
boss and evolved into E. aculeatum subrotatum. This 
branch became extinct in New Zealand in the middle Miocene. 

Elphidium hampdenellse branch (Figure 30) 

On this branch we include two inflated lenticular species 
with acute, keeled peripheries, depressed umbonal areas 
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and a strong reticulate ornament of raised radial ribs and 
long septal bridges, namely E. hampdenense and 
E. pseudoinjlatum. 

It seems likely that E. hampdenense evolved into 
E. pseudoinjlatum in the middle to late Eocene with slight 
narrowing of the peripheral keel, slight increase in infla
tion of the chambers and shortening of the septal bridges. 
in early whorls. This evolution was accompanied by a 
shift in ecological niche from deep to shallow water. 

The presence of a stratigraphic gap between the ranges 
of these two species in New Zealand implies that 
E. pseudoinjIatum evolved elsewhere and immigrated here 
in the latest Eocene. 

This branch became extinct in the New Zealand region in 
the middle Miocene. 

Elphidium ingressans branch (Figure 31) 

On this branch we include three species with acute, keeled 
peripheries, glassy umbonal tubercles or bosses and long 
septal bridges forming weak concentric ribs parallel to the 
periphery - E. ingressans, E. wadeae and E. kanoum. 

This branch appears to be endemic to New Zealand. The 
earliest species, E. ingressans appeared in the late Eocene. 
It probably evolved into E. wadeae in the early Oligocene 
with a weakening of the radial ribs and a flattening of the 
profile. In the late Oligocene, E. kanoum probably 
branched from E. wadeae with the development of a solid, 
glassy umbonal boss from wadeae's umbonal tubercles. 

This branch became extinct in the middle Miocene. 

Elphidium novozealandicum branch (Figure 32) 

On this branch we include two taxa with distinctive com
pressed profiles and strong reticulate ornament of radial 
ribs and raised septal bridges. 

Both taxa appear to be endemic to New Zealand and prob
ably evolved here. E. aff. novozealandicum appeared here 
in the late middle Miocene. It was probably derived from 
the very similar E. crespinae (from the early middle 
Miocene of Australia). E. novozealandicum evolved from 
E. aff. novozealandicum in the late Miocene with the de
velopment of a regular reticulate ornament of ribs in the 
umbonal area. 

It is tempting to infer that this branch evolved from the 
rather similar, although trochospiral, Discorotalia within 
New Zealand. Discorotalia disappears from the fossil 
record just as planispiral E. aff. novozealandicum appears. 
The greater similarity however of the two E. novo
zealandicum branch taxa to a possible Australian ances
tor is a compelling argument to reject Discorotalia as the 
ancestor. 
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Discorotalia branch (Figure 32) 

On this branch we include the two described species of 
Discorotalia, with their compressed profiles, strong reticu
late ornament and loosely coiled tests. 

This branch appears to be endemic to New Zealand, pos
sibly having evolved from a Notorotalia ancestor in the 
Oligocene with flattening of the test and tightening of the 
coiling. The earlier species, D. tenuissima, appears to have 
given rise to the smaller, un keeled D. aranea in the early 
Miocene. Both species became extinct at the end of the 
middle Miocene. 

No recognisable branch 

On present knowledge, we are unable to speculate with 
any confidence on the international relationships of two 
species that have sparse fossil records in New Zealand. 

E. schencki is known from both hemispheres and presum
ably immigrated to New Zealand in the late middle Eocene. 

E. oceanicum is widespread in the tropical and subtropi
cal South-west Pacific today. Its one New Zealand record 
from the Pleistocene is presumed to be of a short, rather 
unsuccessful immigration event during a warm intergla
cial period. 
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PALEOBIOGEOGRAPHY 

INCOMPLETENESS OF THE NEW ZEALAND 
FOSSIL RECORD 

The fossi I record of Elphidium , Discorotalia and 
Haynesina in New Zealand is summarised in Appendices 
III- IV and Figures 28--43. This record is largely based on 
the c. 30 000 picked fossil foraminiferal faunas held in the 
national fossil collections at the Institute of Geological 
and Nuclear Sciences (Lower Hutt) and their computer
ised identification records on the New Zealand Fossil 
Record File. The computerised records were used to give 
maximum stratigraphic and paleogeographic coverage and 
all identifications have been checked and where neces
sary updated. The record from these national collections 
has been supplemented by all published records and by 
smaller collections he ld by Universities around New Zea
land, with all records used having being checked and up
dated. 

This is obvious ly not a complete record of the distribution 
of these taxa in time and space in New Zealand. Lack of 
preservation, lack of exposure of a complete sedimentary 
record throughout the country and incomplete sampling 
of what is available result in gaps in the stratigraphic, 
paleoecologic and paleogeographic record. Despite these 
shortcomings, the Cenozoic foraminiferal fossil record in 
New Zealand, as documented through the national collec
tions, is one of the best studied and most complete for a 
region of its size anywhere in the world . 

ENDEMISM 

Present knowledge suggests that one genus, ten species 
and five subspecies of fossil or Recent Elphidium and 
Discorotalia (48% of New Zealand's taxa) are endemic to 
New Zea land (Table 4). Further detailed study and com-

Table 4. List of fo ss il or Recent Elphidium and Discorotalia 
taxa that appear to be endemic to New Zealand . 

I genus 

10 species 

5 subspecies 
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Discorotalia 

E. ingressans 
E. kanoum 
E. lIIatanginll iense 
E. matallraense 
E. novozealandicllln 
E. aff. novozealandiclIlII 
E. vel/ai 
E. wadeae 
D. aranea 
D. tenllissima 

E. aClIleatum norcolli 
E. aClIleatll1ll aClI leatll1ll 
E. advenllin macel/iforme 
E. crisplIm waiwiriense 
E. excaVGtllm oirg i 

parison with other parts of the world is likely to reduce 
this list. 

Endemism in New Zealand increased from the middle 
Eocene to a peak of SO% in the early Miocene (also diver
sity peak), followed by a progressive decline to a level of 
10% in the Pleistocene and 2S% around New Zealand to
day (Table S) . 

PALEOBIOGEOGRAPHIC RELATIONSHIPS OF 
NON-ENDEMIC TAXA 

Fifteen of the fossil New Zealand taxa considered here are 
found e lsewhere in the world. They fall into three groups: 

New Zealand-South American group 

The two middle Eocene New Zealand species 
E. hampdenense and E. saginatum are both also known 
from the middle Eocene of South America . Neither has a 
known possible ancestor in either region . In New Zealand 
both are short-ranging, bathyal species that suddenly ap
pear and just as suddenly disappear. 

South-west Pacific group 

Six taxa are in this group. The late Eocene to Miocene 
E. pseudoinjlatum and the Miocene and Recent E. carteri 
both have an Australasian distribution. Both could also 
occur in the islands of the South-west Pacific, but their 
fossil record there is poor and has not been studied in 
this work . 

E. advenum maorium and E. charlottense both occur in 
the New Zealand fossil record and have a southern South
west Pacific distribution today (Figures IS , 16). Their 
fossil record outside New Zealand has not been studied 
nor documented. 

E. advenum limbatum and E. oceanicum also both occur 
in the New Zealand fossil record, but their fossil record 

Table 5. Level of endemism through time in the New Zealand 
species of Elphidium and Discorotalia. 

early Eocene 100% from I taxon 
middle Eocene 0% from 4 taxa 
late Eocene 14% from 7 taxa 
Oligocene 42% from 12 taxa 
earl y Miocene 50% from 18 taxa 
middle Miocene 40% from 15 taxa 
late Miocene 38% from 8 taxa 
Pliocene 30% from 10 taxa 
Pleistocene 10% from 10 taxa 
Recent 25% from 12 taxa 

Overall fauna 48% from 31 taxa 



elsewhere is not documented. They appear to be restricted 
to the wider South-west Pacific region today (Figures 15, 19), 

Cosmopolitan group 

Seven New Zealand fossil taxa occur in both hemispheres 
and six are present in both the Pacific and Atlantic oceans. 
The late Eocene E. schencki is known from California, 
but further study on similar forms from the late Eocene 
elsewhere in the world (e.g. Cushman 1939, plate 10) could 
show this species to have been more widely distributed. 

The late Eocene-Recent E. crispum crispum is widespread 
in the tropical and subtropical Indo-Pacific and Mediter
ranean today and appears to have been as widespread in 
the Miocene and possibly earlier (Cushman 1939). 

Five New Zealand fossil taxa (E. advenum advenum, 
E. excavatum clavatum, E. excavatum excavatum, 
E. excavatum wiIiiamsoni, Haynesina depressula 
depressula) have a cosmopolitan distribution today and 
are likely to have been widespread in the past but their 
fossil record is too poorly known to confirm this. All in
habit intertidal sand and mud flats and their world-wide 
distribution is possibly a result of dispersal by migrating 
seabirds. 

PALEOBIOGEOGRAPHY OF ELPHIDIUM, 
DISCOROTALIA AND HAYNESINA WITHIN NEW 
ZEALAND (Figures 33-42) 

Elphidium excavatum branch (Figure 33) 

Probably the oldest member of this branch in New Zea
land, E. saginatum, has a short middle Eocene time range 
and occurs in bathyal facies rocks throughout New Zea
land, as well as overseas. The next to appear was the long
ranging, shallower water E. excavatum clavatum, which 
is never very abundant in the fossil record. It first ap
peared in Northland and on the west coast of the South 
Island in the Otaian (early Miocene) but had spread right 
around the country by the Altonian (late early Miocene). 
It continues with sporadic records countrywide through to 
the present day. The two other members found fossil in 
New Zealand, E. excavatum excavatum and E. excavatum 
williamsoni appear to have arrived much later with records 
in Hawkes Bay in the Pliocene and Pleistocene respec
tively. Today all these three subspecies occur right around 
New Zealand (Figure 23). The three Recent members of 
this branch that lack a fossil record (E. excavatum oirgi, 
E. gunteri, E. vella i) are all restricted to the northern half 
of the country. 

Elphidium advenum branch (Figure 34) 

The oldest member of this branch, E. matanginuiense, 
appears to be endemic to the Chatham Islands through
out its early Eocene range. The next arrival is the long
ranging, cosmopolitan, E. advenum advenum. It first ap-

peared in Canterbury on the Sou~h-east coast of ancestral 
New Zealand in the Bortonian (middle Eocene). It ap
pears to have been restricted to the South Island coastline 
throughout almost all its existence on the New Zealand 
coast (middle Eocene-middle Miocene), with only a brief 
excursion to the North Island's Waikato Basin in the 
Whaingaroan (Oligocene). 

The two long-ranging subspecies, E. advenum limbatum 
and E. advenum maorium, both appeared in the Runangan 
(late Eocene) of the South Island. E. advenum limbatum 
spread to the North Island in the Whaingaroan (Oligocene) 
followed by E. advenum maorium in the Otaian (early 
Miocene). Both taxa appear to have remained widespread, 
although not particularly common, around all the coast of 
New Zealand from Miocene to the present day (Figure 
22). E. advenum maorium appears to have been more com
mon than E. advenum limbatum in the Neogene fossil 
record in New Zealand. 

The subspecies, E. advenum macelliforme, has scattered 
sporadic records in the Oligocene, Miocene and Pliocene 
in New Zealand. The earlier records (Oligocene) are from 
the South Island coastline and the younger records (late 
Miocene and Pliocene) from the east coast of the North 
Island. This apparent biogeographic shift from south to 
north may be real or simply an artifact of this rare subspe
cies poor fossil record. 

The last member of this branch, E. carteri, appeared in 
Southland in the Waitakian-Otaian (early Miocene) with 
several scattered subsequent records - one in the North 
Island in the Altonian (late early Miocene) and two more 
in the Southland Basin in the middle Miocene. 

Although now extinct around New Zealand, E. advenum 
advenum. E. advenum macelliforme and E. carteri are still 
living in parts of the tropical South-west Pacific (Figures 
15,16). 

Elphidium crispum branch (Figures 35, 36) 

The central, cosmopolitan species in this branch, 
E. crispum crispum, is the most abundant and widespread 
Elphidium taxon in the New Zealand fossil record. It ar
rived in New Zealand in the Runangan (latest Eocene) and 
quickly spread all around the coast, where it remained 
throughout the Oligocene, Miocene and early Pliocene 
(Opoitian). As the climate cooled, it disappeared from 
the South Island from the late Pliocene onwards, but re
mained out to the South-east, around the Chatham Islands 
until the end of the Pliocene (Mangapanian). It remained 
around the coasts of the North Island during most of the 
Pleistocene glaciations but today is restricted to the east 
coast of north em New Zealand, which is bathed in the warm 
waters of the East Auckland Current. 
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EARLY - MIDDLE 
MIOCENE 
(PI - Sw) 

MIDDLE EOCENE 
(Dp) 

LATE MIOCENE 
-PLIOCENE 

(Tt - Wn) 

MIDDLE - LATE 
EOCENE 
(Ab - Ar) 

• 

PLEISTOCENE 
(Wn - We) 

EARLY MIOCENE 
(Lw - Po) 

o E. schencki 

* E. oceanicum 

* 

Elphidium excavatum branch 

a E. exc. williamsoni 

• E. exc. excavatum 

• E. exc. cia va tum 

• E. saginatum 

Figure 33 Rccordcd paleobiogeographic di,tribution in )\c\\ Zealand of members of the Elphidium excavatum branch, plus 
E schel1cki and E OCeUlliClII1I 
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-caQ\N@:J;;39 MIDDLE - LATE 
MIOCENE 
(Se - Tk) 

MIDDLE - LATE 
EOCENE 
(Ab - Ar) 

EARLY EOCENE 
(Dw - Dm) 

cIr 

PLIOCENE 
(Wo - Wm) 

OLIGOCENE 
(Lwh - Ld) 

• 

PLEISTOCENE 
(Wn - We) 

EARLY MIOCENE 
(Lw - PI) 

I:::.. E. advenum maorium 

• E. advenum advenum 

• E. advenum limbatum 

• E. advenum macelliforme 

o E. carteri 

* E. matanginuiense 

Figure 34 Recorded paleobiogeographic distribution in New Zealand of members of the Elphidillm advenum branch. 
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EARLY MIOCENE 
(PI) 

LATE EOCENE 
(Ar) 

OLIGOCENE 
(Lwh - Ld) 

LATE MIOCENE 
(Tt - Tk) 

EARLY MIOCENE 
(Lw - Po) 

1:l. E. char/offense 

• E. crispum 
• E. crispum walwiriense 

• E. matauraense 

Figure 35 Recorded paleobiogeographic distribution in New Z.:aland of members of the Elphidillm crispum branch from the late 
Eocene to late Miocene. 
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The most abundant species around present-day New Zea
land, E. charlollense, appears to have evolved from 
E. crispum crispum in the Whaingaroan (Oligocene) of 
the South Island. [t appears to have remained relatively 
uncommon around the South Island throughout the early 
and middle Miocene, finally spreading to the North Island 
as temperatures began to fall in the Tongaporutuan (late 
Miocene). It became the dominant Elphidium around the 
whole country in the Pliocene and has remained so to the 
present-day (Figure 36). 

The rare endemic species, £. matauraense, appears to have 
evolved from £. charlottense in the Waitakian or Otaian 
(early Miocene) of Southland and spread to the North Is
land in the Altonian (late early Miocene) before disap
pearing. The second rare endemic member of this branch, 
£. crispum waiwiriense, probably evolved from £. crispum 
crispum somewhere in New Zealand. It appeared in both 
the North and South Island in the Otaian (early Miocene) 
and then disappeared. 

Elpltidium aculeatum branch (Figure 37) 

The older ofthe two New Zealand members of this branch, 
the apparently endemic E. aculeatum norcotti, is only 
known from the type locality on the east coast ofthe North 
Island in the Waitakian or Otaian (early Miocene). It pos
sibly gave rise to the endemic E. aculeatum subrotatum, 
which appeared in the Altonian (late early Miocene) on 
both coasts of the South Island, and seems to have shifted 
to the southern North [sland in the middle Miocene. 

Elphidium hampdenense branch (Figure 38) 

The older of the two members of this branch is the wide
spread Southern Hemisphere species, £. hampdenense, 
which was common in deep water off the east coast of 
both islands during the short span of its occurrence in the 
Heretaungan (middle Eocene). It has not been recorded 
from the west coast despite the presence of rocks of suit
able facies in northern offshore Taranaki. 

The younger member of this branch, the shallower water 
Australasian species £. pseudoinflatum, appears to have 
arrived in New Zealand on the west coast of the South 
Island in the Runangan (latest Eocene). It spread through
out the country in the Whaingaroan (Oligocene) and re
mained widespread and relatively common during the early 
and middle Miocene until its disappearance in the Waiauan 
(late early Miocene). 

Elphidium ingressans branch (Figure 39) 

The oldest of the three, all endemic, members of this 
branch, £. ingressans, is a rare species which appeared in 
New Zealand on the west coast of the South Island in the 
Runangan (latest Eocene) and never seems to have spread 
beyond that region. It probably gave rise to the more com
mon E. wadeae in the Whaingaroan (Oligocene). This 

species spread around the coast of both islands in the 
Oligocene but contracted its range to the South Island in 
the Waitakian and Otaian (early Miocene). 

The third and youngest member of this branch, E. kanoum, 
appears to have evolved from E. wadeae in the north in 
the Duntroonian (late Oligocene). It spread right around 
the New Zealand coast in the Waitakian and Otaian (early 
Miocene) and was one of the most common Elphidium 
taxa in the Altonian. It dispersed as far south as the Auck
land Islands. Numbers of £. kanoum declined through the 
middle Miocene and it eventually became extinct in the 
Lillburnian or Waiauan (late middle Miocene). 

Elpltidium novozealandicum branch (Figure 40) 

The older of the two members of this branch, 
E. aff. novozealandicum, appeared in New Zealand in 
Northland or Hawkes Bay in the Lillburnian or Waiauan 
(late middle Miocene) and remained confined to the coast 
of the North Island throughout its existence. It became 
extremely rare after the end of the Tongaporutuan (late 
Miocene) with one last known occurrence in the Opoitian 
(Pliocene) on the coast south of Auckland. 

E. novozealandicum appears to have evolved from 
E. aff. novozealandicum in the East Cape area in the 
Kapitean (latest Miocene) and spread right around the 
country in the Opoitian (Pliocene) reaching the Chatham 
Islands by the Nukumaruan (early Pleistocene). 
E. novozealandicum remains the second most common and 

widespread Elphidium species around New Zealand to

day (Figure 24). 

Discorotalia branch (Figure 41) 

The older member of this apparently endemic branch, 
D. tenuissima, appears to have evolved in the late 
Whaingaroan (middle Oligocene) in Southland and dis
persed up the west coast of both islands in the Duntroonian 

(late Oligocene). It spread round to the east coast of both 
islands in the Waitakian and Otaian (early Miocene) and 
remained widespread and relatively common during the 
Altonian (late early Miocene). Its range appears to have 
contracted to the South Island during the Clifdenian and 

Lillburnian (middle Miocene) with its last records in the 

Waiauan (late middle Miocene) of Southland. 

D. aranea appears to have evolved from D. tenuissima in 

the Otaian (early Miocene) of the South Island. This small 
species was widespread around the South Island during 
the Altonian (late early Miocene) but does not appear to 

have reached the North Island. The geographic range of 
D. aranea contracted to the Southland Basin in the 

Clifdenian (late Miocene), and it finally disappeared from 
there, too, in the Waiauan (late middle Miocene). 
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PLIOCENE 
(Wo - Wm) 

PLEISTOCENE 
(Wn - We) 

RECENT 

a E. char/offense 

• E. crispum crispum 

Figure 36 Recorded paleobiogeographic distribution in New Zealand of members of the Elphidium erispum branch from the 
Pliocene to Recent. 

EARLY MIOCENE 
(Lw - Po) 

EARLY MIOCENE 
(PI) 

MIDDLE MIOCENE 
(Se - Sw) 

Figure 37 Recorded paleobiogeographic distribution in Ne\\ Zealand of members of the Elphidium aeuleallim branch. 
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EARLY MIOCENE 
(Lw - Po) 

• 

LATE EOCENE 
(Ar) 

MIDDLE MIOCENE 
(Sc - Sw) 

OLIGOCENE 
(Lwh - Ld) 

• E. hampdenense 
• E. pseudoinflatum 

Figure 38 Recorded paleobiogeographic distribution in New Zealand of members of the Elphidium hampdenense branch. 
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EARLY MIOCENE 
(PI) 

MIDDLE MIOCENE 
(Sc - Sw) 

"~'~:R~W~I~~ENE 

LATE EOCENE 
(Ar) 

OLIGOCENE 
(Lwh - Ld) 

• • 
E. kanoum 
E. wadeae 

ll.. E. ingressans 

Figure 39 Recorded paleobiogeographic distribution in New Zealand of members of the £Iphidium ingressans branch. 
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MIDDLE - LATE 
MIOCENE 
(Se - Tk) 

PLIOCENE 
(Wo - Wm) 

PLEISTOCENE 
(Wn - We) 

• E. novozealandicum 

l:l.. E. aft. novozealandicum 

Figure 40 Recorded paleobiogeographic distribution in New Zealand of members of the Elphidium novozealandicum branch. 

EARLY MIOCENE 
(Lw - Po) • Discorotalia aranea 

, 

• Discorotalia tenuissima 
OLIGOCENE (Lwh - Ld) 

Figure 41 Recorded paleobiogeographic distribution in New Zealand of members of the Discorotalia branch. 
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J:j. Haynesina depressula 
depressula 

Figure 42 Recorded paleobiogeographic distribution in New Zealand of Haynesina depressula depressula. 
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No recognisable branches 

E. schencki appeared in the Bortonian (middle Eocene) in 
Northland and spread to the west coast of the South Island 
by the Runangan (latest Eocene). It has not yet been re
corded from the east coast of either island (Figure 33). 

E. oceanicum made a brief appearance in the Castlecliffian 
(Pleistocene) at East Cape, presumably arriving in the an
cestral, warm-water East Auckland Current during an inter
glacial period (Figure 33). It does not appear to have sur
vived here through succeeding cold glacial periods and 
has not returned to the present-day, although it is common 
in the rest of the South-west Pacific (Figure 19). Its pres
ence around Tasmania today, suggests that conditions 
would be suitable for it to live around northern New Zea
land right now if it managed to cross the oceanic barrier. 

The cosmopolitan Haynesina depressula depressula ap
pears to have arrived in New Zealand in the Whaingaroan 
(Oligocene) and quickly spread around the coast of the 
whole country, a distribution it has maintained through to 
the present-day (Figure 42). H. depressula depressula was 
moderately common throughout its range except for a pe
riod in the middle and late Miocene when it seems to have 
become much rarer. 

OVERALL DISTRIBUTION PATTERNS 
THROUGH TIME (Table 6) 

Of the 12 extant elphidiid taxa in New Zealand, ten occur 
around both main islands and two are restricted to the north
ern North Island. A similar pattern is to be found in the 
fossil record, although a higher percentage appear to have 
restricted distributions. This may be a result of the imper
fect fossil record, especially in the Pliocene and 
Pleistocene, where there is a poor marine sedimentary 
record in the South Island. 

Diversity had increased sufficiently by the late Eocene to 
make meaningful paleobiogeographic observations. In the 
Kaiatan-Runangan (late Eocene) two taxa (30%) occurred 
throughout New Zealand and five (70%) were restricted 
to the South Island. Three (40%) were only present on the 

west coast of ancestral New Zealand at that time. This 
high percentage of apparently southern-restricted taxa may 
in part be explained by the sparseness of shallow marine 
Kaiatan-Runangan rocks in the North Island. 

In the Whaingaroan-Duntroonian (Oligocene), seven taxa 
(60%) had a New Zealand-wide distribution, three were 
restricted to the South Island and one to the North Island. 
This is probably fairly accurate as marine Oligocene rocks 
are well represented throughout much of the country. 

In the Waitakian-Otaian (early early Miocene), nine taxa 
(60%) were New Zealand-wide, six were restricted to the 
South Island and one to the North Island. In the Altonian 
(late early Miocene), nine taxa (65%) were New Zealand
wide, three were restricted to the South Island and two to 
the North Island. The early Miocene marine sedimentary 
record is good throughout both islands and these results 
are accepted as a fair reflection ofreality. It is curious to 
note that in the Oligocene and early Miocene there were 
more taxa restricted to the South Island than the North 
Island, the reverse of modem diversity trends. We do not 
believe that there was a greater diversity of shallow ma
rine and paralic paleoenvironments preserved in the south 
than the north and therefore some other explanation is 
necessary. 

The Clifdenian-Waiauan (middle Miocene) marine sedi
mentary record is patchy in both islands. The best 
shallowish water sequence is at Clifden in the Southland 
Basin. It has been well sampled and studied (Fleming et 
al. 1969) and its fauna skews the results. Only four taxa 
(30%) occur in both islands with a further three restricted 
to the North Island and six to the South Island (five of 
these restricted to the Southland Basin). The most signifi
cant result is probably that three taxa were not present in 
the Southland Basin and South Island, which is similar to 
the Oligocene and early Miocene. 

Tongaporutuan-Kapitean (late Miocene) rocks are we)) 
represented in many parts of New Zealand although many 
are in deeper water facies unfavourable to elphidiids. The 
eastern North Island record is slightly better than elsewhere 
and this influences the results. Two taxa (25%) were New 

Table6. Summary of paleobiogeographic distribution patterns of Elphidium. Discorotalia and Haynesina taxa through time 
in New Zealand. 

NZ Epoch NZ North South West East Total 
Stages wide Is Is coast coast taxa 

Dh-Dp m Eocene 2 
Ab m Eocene 2 2 
Ak-Ar I Eocene 2 5 3 7 
Lwh-Ld Oligocene 7 3 I II 
Lw-Po e Miocene 9 I 6 3 16 
PI e Miocene 9 2 3 1 14 
Sc-Sw m Miocene 4 3 6 6 2 14 
Tt-Tk I Miocene 2 4 2 2 3 8 
Wo-Wm Pliocene 6 4 2 3 10 
Wn-Wc Pleist. 2 7 2 9 
Rec Recent 10 2 2 12 
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Zealand-wide, four were North Island-restricted and two 
South Island-restricted. Pliocene and Pleistocene results 
are strongly skewed by the poor South Island sedimentary 
record. 

In summary, the paleobiogeography of elphidiids around 
New Zealand shows that from their first appearance, there 
have been many taxa that dispersed right around the coun-

try (20~ 75% in anyone time interval) and just as many 
that had more restricted geographic range. Sometimes they 
were restricted to either the west or east coast of ancestral 
New Zealand, but more often they had a latitudinally con
strained distribution pattern. In contrast to the present day, 
the elphidiids appear to have been more diverse in the south 
than the north throughout at least the 01 igocene and 
Miocene in this country. 

NEW ZEALAND BIOSTRATIGRAPHY (Figure 43) 

The documented time ranges of the 31 taxa of Elphidium, 
Discorotalia and Haynesina recorded from the early 
Eocene to Recent of New Zealand are of variable 
biostratigraphic use and reliability. 

Taxa of major utility 

The two middle Eocene species, E. hampdenense and 
E. saginatum, have for many decades been the most use
ful of Elphidium taxa biostratigraphically and are the key 
species for defining the New Zealand Heretaungan and 
Porangan stages (Finlay & Marwick 1947, Hornibrook et 
al. 1989). Key factors in this utility, are their distinctive 
morphology (although E. hampdenense is sometimes dif
ficu It to distinguish from some forms of the younger 
E. pseudoinjlatum), their short time ranges, their wide
spread occurrence in a range of paleoenvironments. Both 
species are among the few New Zealand elphidiids that 
lived in bathyal depths. E. hampdenense also appears to 
have lived in mid and outer shelf depths, but E. saginatum 
may not have lived at shelf depths. 

Common taxa of moderate utility 

The greatest biostratigraphic value of other elphidiids is 
in helping to date low diversity shallow water benthic 
foraminiferal assemblages that lack planktic foraminifera 
and deeper water benthic taxa that are most used in dating 
New Zealand Cenozoic strata. It is in these shallow water 
assemblages that Elphidium is often in greatest abundance 
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and diversity, and a combination of several ranges may 
help give greater precision to a determined age. 

Unfortunately most of the common New Zealand elph
idiids (e.g. E. advenum group, E. crispum crispum, 
E. pseudoinjlatum, Discorotalia tenuissima and Haynesina 
depressula) have long time ranges and are of limited use. 

Common taxa with relatively short time ranges, although 
still spanning a number of stages, that have biostratigraphic 
use are E. aculeatum subrotatum (PI-Sw), E. kanoum (Ld
Sw), E. novozealandicum (Tk-Rec), E. wadeae (Lwh-Po) 
and D. aranea (Po-Sw). 

Rarer taxa of potential utility 

In addition to the widespread taxa, there are a number of 
taxa that are of limited geographic or environmental oc
currence or of very low abundance in New Zealand. As a 
resu It, the time ranges for these taxa cannot be regarded as 
completely known. Despite these shortcomings, some of 
these rare taxa appear to have relatively short time ranges 
and iffound in an otherwise poorly dated, probably shal
low water fauna, have the potential to improve the preci
sion of the date. 

These taxa include E. aculeatum norcotti (Lw-Po), 
E. carteri (late Lw-Sw), E. crispum waiwiriense (late Lw
Po), E. ingressans (Ar-eLwh), E. matanginuiense (Dw
Om), E. matauraense (Po-PI), E. aff. novozealandicum 
(late Sl-Wo) and E. schencki (Ab-Ar). 
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KEY TO RECENT SOUTH-WEST PACIFIC AND 
FOSSIL NEW ZEALAND ELPHIDIIDAE 

* = living species 

2 

3 

4 

5 

6 

7 

8 

9 

Coiling trochospiral 
Coiling planispiral 

Coiling slightly trochospiral 
Coiling fully trochospiral 

Radial and spiral ribs present almost planispiral 
Radial ribs lacking 

Sutures deeply channelised; numerous transverse riblets 
Sutures slightly depressed; no rib ornament 

Coiling fully trochospiral; one or both sides inflated and convex 
Coiling slightly evolute/involute; compressed discoidal test 

Test small; 3-5 transverse ribs; no keel 
Test medium size; 7-8 transverse ribs; narrow keel 

Sutures simple; no septal bridges 
Sutures crossed by bridges or ribs 

Umbilicus filled with tubercles; no boss 
Umbilicus with circular boss 

Apertural face with radiating papillae or fine riblets; ornament includes 
anastomosing ribs on sides 

2 
7 

3 
5 

Notorotalia jinlayi' * 
4 

Cristatavultatus pacificus * 
Elphidium excavatum sydneyense * 

Notorotalia 
Discorotalia 6 

Discorotalia aranea 
Discorotalia tenuissima 

Haynesina 8 
9 

Haynesina depressula depressula * 
Haynesina depressula simplex * 

Parrellina 10 
Lacks anastomosing ornament on sides or radiating ornament on apertural face 

10 

II 

12 

13 

14 

15 

16 

Bears 3-5 peripheral spines 
Lacks peripheral spines 

Dense ornament of irregular papillae all over 
Ornament of radial and concentric ribs 

Test large (0.8-1 mm); profile symmetric 
Test medium-sized (0.4-0.6 mm); profile slightly asymmetric planispiral 

Periphery rounded. lacking a keel 
Periphery keeled or limbate 

Wall coarsely perforate; often golden brown 
Wall finely perforate; white or glassy 

Possess umbilical tubercles 
No umbilical tubercles 

Periphery broadly rounded 
Periphery acutely rounded 

I see Plate 19, Figs. 8-9 
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Elphidium 13 

P imperatrix * 
II 

P papillosa * 
12 

P verriculata * 
Notorotalia jinlayi1 * 

14 
40 

15 
16 

E. gunteri * 
E. vellai * 

17 
32 



17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

Chamber walls coarsely granular; ornament sometimes reticulate 
Chamber walls lacking coarse granules or reticulate ornament 

Chamber walls covered in coarse granules; ribs lacking 
Chamber walls with reticulate rib ornament and granules on last chambers 

Test strongly inflated; few broad septal bridges produce reticulate ornament 
Test moderately inflated; septal bridges narrow 

Test loosely coiled with broad umbilicus filled with numerous papillae 
Test involute or almost so 

Boss, raised, glassy; test wall glassy 
Boss small, flat or lacking 

Sutures and umbilicus without fine papillae 
Sutures and umbilicus lined with fine papillae 

Radial ribs strong; septal bridges short tubercular 
Radial ribs lacking; septal bridges elongate; sutures deeply incised 

Test strongly compressed 
Test moderately to strongly inflated 

9-15 sutural bridges; flat umbi lical area, flush with surface 
6-10 sutural bridges; umbilicus depressed sometimes with small boss 

Umbilical boss lacking 
Umbilical boss large and flat 

Septal bridges short, fewer than 6 per suture 
Septal bridges, 6 or more per suture 

Test slightly asymmetric in peripheral view 
Test symmetrical in peripheral view 

Umbilicus depressed, lacking a boss; 10 or fewer chambers per whorl 
Umbilicus flattish with a collar and often a central boss; 

10 or more chambers per whorl 

Test small, up to 0.4 mm; wall glassy 
Test medium-sized, up to 0.6 mm; wall shelly 

Extensive papillate ornament on either side of apertural region; septal bridges 
short 

Narrow band of fine papillae on either side of apertural region; septal bridges 
long 

Periphery with a slightly thickened, imperforate band or concentric ribs 
Periphery evenly rounded, lacks imperforate band 

Radial ribs strong; short tubercular septal bridges 
Radial ribs lacking; longish septal bridges 

Boss small and flat 
Boss large and raised 

18 
19 

E. phillipense * 
E. reticulosum * 

E. saginatum 
20 

E. oceanicum * 
21 

E. [l}iense * 
22 

23 
27 

E. matanginuiense 
24 

25 
26 

E. albanii * 
E. lene * 

E. sandiegoense * 
E. excavatum clavatum * 

28 
30 

E. excavatum sydneyense * 
29 

E. excavatum excavatum * 

E. excavatum clavatum * 

E. excavatum oirgi * 
31 

E. hawkesburiense * 

E. excavatum williamsoni * 

33 
37 

E. matanginuiense 
34 

E. advenum maorium * 
35 
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35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

60 

Test and boss glassy 
Test shelly; periphery with concentric ribs 

Last chambers with hispid ornament; boss narrow 
Hispid ornament absent; boss broad 

Umbilicus depressed and filled with papillae 
Umbilicus flat and filled with smooth shell 

Flat chambers and low flat septal bridges 
Chambers and septal bridges slightly convex 

Opaque bands along sutures 
Glassy translucent walls and flush, glassy sutures 

Coarse papillae cover all or most oftest 
Fine papillae, if present, restricted to sutures, umbilicus and apertural area 

Radial ribs present 
Radial ribs absent 

Single umbilical boss; 4-6 septal bridges 
Umbilicus with several tubercles; 8-12 septal bridges 

Peripheral spines present 
Peripheral spines absent 

Umbilicus with several tubercles; apertural face with fine riblets 
Boss, single, glassy, raised; apertural face finely granular 

Peripheral spines present 
Peripheral spines absent 

Boss, single, raised, glassy 
Tubercles in umbilicus 

Radial ribs absent; septal bridges strong 
Radial ribs strong; septal bridges subordinate 

Single boss fills all or most of umbilicus 
Depressed umbilicus, often with several tubercles 

Several concentric ribs on either side of periphery 
Single peripheral keel without adjacent concentric ribs 

Boss composite, narrower than 0.3 times width oftest; hispid ornament 
Boss broad, 0.3-0.5 times width of test; lacks hispid ornament 

Prominent peripheral keel present 
Single peripheral keel absent 

Radial ribs strong or irregular 
No radial ribs 

Test strongly inflated with reticulate, spiky ornament 
Test compressed to moderately inflated 

Fewer than 15 chambers per whorl; semicircular boss 
More than 15 chambers per whorl; circular boss 

E. jijiense * 
36 

E. hispidulum * 
E. mortonbayense * 

38 
39 

E. schencki 
E. excavatum williamsoni * 

E. albanii * 
E. vitreum * 

41 
45 

42 
44 

E. carteri * 
43 

E. silvestrii * 
E. argenteum * 

E. collinsi * 
E. vavauense * 

46 
48 

E. aculeatum subrotatum 
47 

E. aculeatum norcotti 
E. silvestrii * 

49 
64 

50 
52 

E. hispidulum * 
51 

E. craticulatum * 
E. mortonbayense * 

53 
57 

E. ingressans 
54 

E. advenum tongaense * 
55 



55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

Strong circular ornament produced by septal bridges and weak, irregular, beaded . 
radial ribs E. kanoum 

56 Moderately strong radial ornament, commonly with radial rib on each chamber 

Peripheral angle 40-50°; width/thickness ratio less than 2.5 
Peripheral angle 20-30°; width/thickness ratio greater than 2.5 

Chambers inflated; sutures deeply incised 
Chambers slightly inflated to non-inflated 

Periphery with very weak keel or imperforate limbate zone 
Peripheral keel moderate to strong 

Wall glassy; boss strongly raised and glassy 
Wall finely perforate; boss shelly, small or irregular 

Boss solid, filling most of umbilical area 
Boss semicircular to subcircular half filling umbilicus 

12-17 chambers per whorl; distinctly depressed sutures 
18 or more chambers per whorl; weakly incised sutures 

Numerous chambers per whorl (more than 17) 
Fewer than 16 chambers per whorl 

Keel strong and rounded; flat umbilical boss 
Keel weak and rounded or a thickened band; strongly involute 

Test strongly compressed (inflation >3) 
Test moderately compressed to inflated 

Umbilicus with ribbed ornament 
Umbilicus with tubercles 

Umbilical ribs form reticulate pattern 
Umbilicus with a spiral rib or irregular broken riblets 

Umbilicus narrow, deeply depressed 
Umbilicus broad, slightly depressed 

Septal bridges short, spanning less than half chamber width 
Septal bridges long, spanning more than 3/4 chamber width 

Radial ribs strong; septal bridges tubercular 
No radial ribs; septal bridges short and narrow 

Umbilicus with strong tubercles; radial ribs weak 
Umbilicus depressed, tubercles weak or lacking; radial ribs strong 

13-16 chambers per whorl 
7-12 chambers per whorl 

Apertural face triangular; reticulate ornament over entire test 
Apertural face heart-shaped: reticulate ornament often confined to early part 

of whorl 

E. crispum crispum * 
E. crispum waiwiriense 

58 
62 

59 
60 

E. fljiense * 
E. advenum maorium * 

61 
E. advenum botaniense * 

E. advenum advenum * 
E. advenum macelliforme * 

E. advenum macelliforme * 
63 

E. charlottense * 
E. matauraense 

65 
68 

66 
67 

E. novozealandicum * 
E. aff. novozealandicum 

E. macel/um * 
E. jichtellianum * 

69 
70 

E. matanginuiense 
E. advenum limbatum * 

E. wadeae 
71 

E. advenum dispar * 
72 

E. hampdenense 

E. pseudoinflatum 

61 



L 

TAXONOMY 

Order FORAMINIFERIDA 
Suborder ROTALIINA 
Family ELPHIDIIDAE Galloway, 1933 

TYPE GENUS: Elphidium de Montfort, 1808 

DIAGNOSIS: Test planispiral or trochospiral; sutural canal 
system opening into single or double row of pores; pro
jections bridging sutures (septal bridges) may be solid or 
hollow and contain a retral process. 

REMARKS: This family was previously distinguished from 
the Nonionidae by the presence of a radial wall structure 
(e.g. Loeblich & Tappan 1964). The discovery of elphidiids 
with granular wall structure has led some workers to re
turn the family to the Nonionidae (e.g. Haynes 1973). We 
follow Loeblich and Tappan (1988) in distinguishing the 
elphidiids from the non ion ids by the presence of a sutural 
canal system. 

Subfamily ELPHIDIINAE Galloway, 1933 

DIAGNOSIS: Test planispiral and bilaterally symmetrical. 

SOUTH-WEST PACIFIC GENERA: Elphidium 

Genus Elpltidium de Montfort 

Elphidillm de Montfort 1808 
Cribrononiol1 Thalmann 1947 
Crihroelphidillm Cushman & Bronnimann 1948 
Elphidiononion Hotler 195 I 
Ozawaia Cushman 193 I 

TYPE SPECIES: Nautilus macel/us var. B Fichtel & Moll, 
1798, p. 68, pI. 10, figs h,i,k. 

DIAGNOSIS: Test planispiral, bilaterally symmetrical; sutural 
canal system opens into a single row of pores; septal bridges 
usually hollow and contain a retral process, but may be 
solid; aperture a series of large circular pores at base of 
apertural face. 

REMARKS: The species included in Elphidium here have 
previously been placed in Elphidiononion Hofker (1951), 
Cribrononion Thalmann (1947), Cribroelphidium 
Cushman and Bronnimann (1948) and Ozawaia (Cushman 
1931). Loeblich and Tappan (1964) synonymised 
Elphidiononion with Cribroelphidium. They distinguished 
the latter genus from Elphidium by the absence of retral 
processes, and from Cribrononion by the presence of sup
plementary apertures. They subsequently (1988) restricted 
the use of Cribrononion to species with a very distinctive 
bulla-like apertural chamberlet. The type species of 
Cribroelphidium, C. vadescens, is now considered to be a 
variety within the Elphidium excavatum complex which 
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has been shown to possess retral processes (Miller et al. 
1982). Although Loeblich and Tappan (1988) prefer to 
separate Cribroelphidium from Elphidium, based on the 
absence of a keel and the presence of a rounded perforate 
periphery, we follow the recommendations of others (e.g. 
Haynes 1973; Hansen & Lykke-Andersen 1976) and for 
the present include such forms within Elphidium. 

In our earl ier speculative phylogeny section, we recognise 
a number of branches within the genus Elphidium. Some 
of these could conceivably be given separate generic sta
tus, but we prefer to wait until a more comprehensive 
world-wide review has been completed before formalis
ing such divisions. 

RECENT SOUTH-WEST PACIFIC SPECIES AND SUBSPECIES: 
Elphidium advenum advenum Australia, New Zealand, SW 

Pacific islands 
Elphidium advenum botaniense Australia, SW Pacific islands 
Elphidium advenum dispar SW Pacific islands 
Elphidium advenum limbatum Australia, New Zealand, SW 

Pacific islands 
Elphidillm advenum maeelliforme Australia 
Elphidium advenum maorium Australia, New Zealand 
Elphidium advenum tongaense SW Pacific islands 
Elphidium albanii Australia 
Elphidium argenteum Australia 
Elphidium earten' Australia, SW Pacific islands 
Elphidium eharlottense Australia. New Zealand 
Elphidium eollinsi Australia 
Elphidillm eratieulatum Australia. SW Pacific islands 
Elphidium crispum erispum Australia. New Zealand. SW 

Pacific islands 
Elphidium exeavatum clavatum Australia. New Zealand, SW 

Pacific islands 
Elphidium exeavatum exeavatum Australia, New Zealand, SW 

Pacific islands 
Elphidium exeavatum oirgi New Zealand 
Elphidium exeavatum sydneyense Australia 
Elphidium exeavatum williamsoni New Zealand, SW Pacific 

islands 
Elphidium jiehtellianum Australia, SW Pacific islands 
Elphidiumjijiense SW Pacific islands 
Elphidium gunteri Australia, New Zealand 
Elphidium hawkesburiense Australia 
Elphidium hispidulum Australia 
Elphidium lene Australia, SW Pacific islands 
Elphidillm maeellum Australia, SW Pacific islands 
Elphidium mortonbayense Australia 
Elphidium novozealandieum New Zealand 
Elphidium oeeanieum Australia. SW Pacific islands 
Elphidillm phillipense Australia 
Elphidium retieulosum SW Pacific islands 
Elphidium sandiegoense Australia 
Elphidillm silvestrii Australia 
Elphidiunl vavauense SW Pacific islands 
Elphidium vellai New Zealand 
Elphidium vitreum Australia 



PRESENT-DAY GEOGRAPHIC RANGE: World-wide. 

FOSSIL NEW ZEALAND SPECIES AND SUBSPECIES: 
Elphidium aculeatum norcotti early Miocene 
Elphidium aculeatum subrotatum early to middle Miocene 
Elphidium advenum advenum middle Eocene to middle Miocene 
Elphidium advenum limbatum late Eocene to Recent 
Elphidium advenum maorium late Eocene to Recent 
Elphidium advenum macelliforme early Oligocene to Pliocene 
Elphidium carteri early to middle Miocene 
Elphidium charlottense early Oligocene to Recent 
Elphidium crispum crispum late Eocene to Recent 
Elphidium crispum waiwiriense early Miocene 
Elphidium excavatum clavatum early Miocene to Recent 
Elphidium excavatum excavatum Pliocene to Recent 
Elphidium excavatum williamsoni Pleistocene to Recent 
Elphidium hampdenense middle Eocene 
Elphidium ingressans late Eocene 
Elphidium kanoum late Oligocene to middle Miocene 
Elphidium matanginuiense early Eocene 
Elphidium matauraense early Miocene 
Elphidium novozealandicum late Miocene to Recent 
Elphidium aff. novozealandicum middle Miocene to early 

Pliocene 
Elphidium oceanicum Pleistocene 
Elphidium pseudoinflatum early Oligocene to middle Miocene 
Elphidium sag ina tum middle Eocene 
Elphidium schencki middle to late Eocene 
Elphidium wadeae early Oligocene to early Miocene 

NEW ZEALAND STRATIGRAPHIC RANGE: early Eocene to Re
cent 

Elphidium aculeatum (d'Orbigny) 

Polystomella aculeata D'ORBIGNY, 1846, p.!3!, p1.6, figs.27-
28. 

DESCRIPTION: Test medium to large size, evenly rounded 
to slightly lobulate, strongly compressed; periphery acute, 
with a strong narrow keel bearing irregular short spines at 
the end of most sutures; 18-25 flat to slightly inflated cham
bers in final whorl; 7-10 septal bridges span each suture 
and extend one to thirds width of chamber; sutures sl ightly 
depressed and curved slightly backwards towards the pe
riphery; umbilicus depressed, may bear a single raised boss, 
several strong tubercles or none of these; sutures and some
times chamber walls ornamented with fine papillae; wall 
finely perforate. Greatest diameter 0.6-1.0 mm; width/ 
thickness ratio 3--4.5. 

REMARKS: This species exhibits considerable geographic 
and stratigraphic variation in ornament, which we here use 
to distinguish three subspecies. Elphidium macel/um 
aculeatum (Silvestri) from the Recent of southern Aus
tralia is a junior homonym of E. aculeatum (d'Orbigny) 
and is renamed E. silvestrii, later in this publication. 

TYPE LOCALITY: Europe, Austria, Vienna Basin, Miocene, 

TYPE SPECIMENS SEEN: Topotypes (CC5902). 

NEW ZEALAND STRATIGRAPHIC. DISTRIBUTION: Two subspe
cies are recognised from the early Miocene of New Zea
land. E. aculeatum norcotti appears to be the ancestor of 
E. aculeatum subrotatum, 

CONSTITUENT SUBSPECIES: 
E. aculeatum aculeatum Europe, Miocene 
E. aculeatum norcotti New Zealand, early Miocene 
E. aculeatum subrotatum New Zealand, early to middle Miocene 

ETYMOLOGY: From the Latin "aculeatus" meaning prickly 
or sharp-pointed for its peripheral spines. 

Elphidium aculeatunl norcotti Hayward n.ssp. 
, PI. 2, Figs 1-3 

DESCRIPTION: Test medium to large in size; outline smoothly 
rounded; profile compressed with flat to slightly convex 
sides; periphery acute with a strong narrow keel, bearing a 
short narrow spine at the peripheral end of each suture; 
20-25 flat chambers in adult whorl; 7-10 narrow septal 
bridges span each suture and extend half to three quarters 
way across each chamber; septal bridges thickened on ear
lier parts of whorl; sutures slightly depressed and curved 
slightly backwards towards the periphery; umbilicus filled 
with numerous strong tubercles; chamber walls and su
tures lined with numerous fine papillae. Greatest diameter 
0.6-1.0 mm; width/thickness ratio 3.5--4.5 (in adults). 

REMARKS: E. aculeatum norcotti appears to be the ances
tor of E, aculeatum subrotatum from which it differs by 
the presence of umbilical tubercles rather than a single 
raised, glassy boss and by its longer septal bridges. Its or
nament resembles E. kanoum and E. wadeae from which 
it differs by the presence of peripheral spines and a more 
compressed test. 

The European E. aculeatum aculeatum lacks the umbili
cal tubercles and longer septal bridges of E. aculeatum 
norcotti, 

TYPE LOCALITY: New Zealand, Wellington, Mangatiti 
Stream (U25/f6564), early Miocene (late Waitakian or 
Otaian). 

HOLOTYPE: TF164711 

PARATYPES: 4 paratypes (TF 1647/2-3), 3 paratypes 
(USNM487673) from type locality, 

NEW ZEALAND PALEOGRAPHIC DISTRIBUTION (Fig, 37): Only 
known from the type locality in New Zealand. 

NEW ZEALAND STRATIGRAPHIC DISTRIl3UTION: This subspe
cies is only known from the early Miocene (late Waitakian 
or Otaian), 

NEW ZEALAND PALEOECOLOGIC DISTRIBUTION: E. aculeatum 
norcotti constitutes c. 2% of the sole benthic fauna from 
which it is known (U25/f6564). This is a diverse fauna 
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with common Haeuslerella, Vulvulina, Cyclammina, 
Lentieulina, Uvigerina, Gyroidina, Cibieides, Notorotalia 
and c. 50% planktics - typical of outer shelf to uppermost 
bathyal (100-400 m) conditions. Either E. aeuleatum 
noreotti lived at these depths or the specimens were trans
ported downslope. 

ETYMOLOGY: Named after the late Dr Norcott de B. 
Hornibrook, for his contribution to the study of New Zea
land foraminifera. 

Elphidium aculeatum subrotatum Hornibrook 
PI. 2, Figs 4-S 

Elphidium subrota/llm HORNIBROOK 196 L p.129, pl.l8, 
figs.384.385. 

E/phidium sibirica Goss. CHAPMAN 1926, p.89, pI. 17, fig. 14. 

DESCRIPTION: Test medium to large in size; outline smoothly 
rounded; profile biconvex in juveniles, becoming strongly 
compressed with flat or weakly convex sides in adults; 
periphery sharply acute with a strong, narrow keel, bear
ing a narrow spine of variable length at the peripheral end 
of each chamber; IS-25 flat to slightly inflated chambers 
in adult whorl; no radial ribs; 7-10 narrow septal bridges 
span each suture and extend about halfway across each 
chamber; sutures depressed, lined with minute papillae and 
curved slightly backwards towards the periphery; umbili
cus filled with a prominent, raised, glassy, circular boss, 
sometimes slightly irregular with one or two pits; wall fmely 
perforate. Greatest diameter 0.6-1.0 mm; width/thickness 
ratio 3.5-4 (in adults). 

REMARKS: E. aeuleatum subrotatum is a distinctive taxon 
in the New Zealand fossil record because of its compressed 
test and peripheral spines. It is most similar to E. aeuleatum 
noreotti from which it differs by the presence of a raised 
boss and shorter septal bridges. 

The European E. aculeatul11 aeuleatlll11 lacks the strongly 
raised glassy boss of E. aeuleatum subrotatum. It differs 
from related species E. kanolll71 and E. wadeae by the pres
ence of peripheral spines, generally more compressed test 
and by its shorter septal bridges. The middle Miocene 
specimens recorded here differ slightly from the typical 
early Miocene specimens in having much shorter periph
eral spines. 

TYPE LOCALITY: New Zealand, Otago, Target Gully (1411 
f849S), early Miocene (Altonian). 

TYPE SPECIMENS SEEN: Holotype (TF 142211),2 paratypes 
(TFI422/2). 

NEW ZEALAND PALEOGEOGRAPHIC DISTRIBUTION (Fig. 37): 
E. aculeatum sllbrotatum is only known from the South 
Island of New Zealand (Canterbury and southern Taranaki 
basins) in the early Miocene and southern North Island 
(Wairarapa) in the middle Miocene. 
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NEW ZEALAND STRATIGRAPHIC DISTRIBUTION: This subspe
cies mostly occurs in the late early Miocene (Altonian), 
but persists on into the late middle Miocene (Waiauan) in 
the southern North Island. 

NEW ZEALAND PALEOECOLOGIC DISTRIBUTION: E. aeuleatum 
subrotatum is not known to dominate any fossil assem
blage and constitutes 5% or less of faunas in which it oc
curs. The type fauna from Target Gully is very diverse 
with about 10 % planktics and common Notorotalia 
spinosa, Bolivina, Virgulopsis, Bueeella, Flori/us, 
Nonionella and Cibieides. This fauna is typical of rela
tively quiet, normal marine conditions in fine sediment at 
deep inner to mid shelf depths (c. 25-100 m). Elsewhere 
E. aeuleatum subrotatum may also occur in faunas domi
nated by Amphistegina, Cibieides notoeenicus, 
Quinqueloeulina and Notorotalia (e.g. 042/£23) suggest
ing higher energy inner shelf conditions. It would appear 
that E. aculeatum subrotatum lived in a variety of normal 
marine environments at inner to mid shelf depths (c. 10-
100 m). 

ETYMOLOGY: Named for its similarity to Elphidium rotatum 
Howchin and Parr. 

Elphidium advenum (Cushman) 

Polys/omelia advena CUSHMAN, 1922, p.56, pI. 9, fig. I I , 12. 

DESCRIPTION: Test medium-sized, evenly rounded to 
lobulate, compressed; periphery acutely rounded, limbate, 
usually with a blunt keel; 10-20 chambers in final whorl, 
moderately inflated, sides convex; sutures depressed, mod
erately curved; 6-17 septal bridges, usually short «0.5 
times chamber width), evenly spaced; umbilicus depressed 
or flat, may bear one or more central bosses; papillae or
nament sutural pores, umbilical area and parts ofapertural 
face; aperture a row of small pores at base of apertural 
face; wall finely perforate, smooth, translucent to semi
transparent, optically granular. Greatest diameter 004-
O.S mm; width/thickness ratio I.S-4.0. 

REMARKS: This species exhibits considerable geographic 
and stratigraphic variation in morphology and ornament, 
which we use here to distinguish seven subspecies. The 
Elphidium advenulII group is distinguished from 
E. argenteum and E. carteri by the absence of papillae 
completely covering the test. It differs from E. eharlottense 
by its moderately inflated chambers producing convex 
sides to the apertural face and by its more strongly 
curved sutures. 

PRESENT-DAY GEOGRAPHIC DISTRIBUTION: The E. advenum 
group is widely distributed in shallow marine, tropical and 
temperate waters of the Pacific, Indian and western Atlan
tic Oceans (Cushman 1939; Hottinger et al. 1993; Culver 
& Buzas 1980-1986; Boltovskoy et al. 1980). 

NEW ZEALAND STRArIGRAPHIC DISTRIBUTION: Four taxa are 
recognised from the New Zealand fossil record (late 



Eocene-Recent). They have the following known 
stratigraphic ranges: 

E. advenum advenum middle Eocene to middle Miocene (Ab-
Sw). 

E. advenum limbatum late Eocene to Recent (Ar-Rec). 
E. advenum maorium late Eocene to Recent (Ar-Rec). 
E. advenum macelliforme Oligocene to early Pliocene (Lwh

Wo). 

SOUTH-WEST PACIFIC CONSTITUENT SUBSPECIES: 
E. advenum advenum Australia, SW Pacific islands; New 

Zealand fossil 
E. advenum botaniense Australia, SW Pacific islands 
E. advenum dispar SW Pacific islands 
E. advenum limbatum Australia, New Zealand, SW Pacific 

islands 
E. advenum macelliforme Australia; New Zealand fossil 
E. advenum maorium Australia, New Zealand, SW Pacific 

islands 
E. advenum tongaense SW Pacific islands 

Elphidium advenum advenum (Cushman) 
PI. 2, Figs 9-18 

Polystomella advena CUSHMAN, 1922, p.56, p1.9, fig. II, 12. 
Elphidium advenum (Cushman). CUSHMAN 1930, p.25, pI. I 0, 

fig,2 (fig, I ?); CUSHMAN 1933, p.50, p1.l2, fig.I-3; 
CUSHMAN 1939, p.60, pl.J6, fig.31, 33-35; PARKER 1952. 
p.447, p1.3, fig,9; PARKER et ai, 1953, p,7, p1.3, fig, I J: 
TODD & BRONNIMANN 1957, p.39, p1.6, fig,5-7; 
COLLINS 1958, p.420; TODD & LOW 196 I, p. 19, p1.2, 
fig,8; TODD & LOW 1971, p.15, p1.3, fig,5; APTHORPE 
1980, p1.26, fig, \0; TODD & LOW 1981, p.35; ALBANI 
1968a, p.lll, pI. I 0, fig.6; ALBANI 1968b, p.33, fig. I 50; 
COLLINS 1974, p.4l; PALMIERlI976a, p.372; PALMIERI 
1976b, p.4l3; YASSINI & JONES 1986, pI. 7, figs.4-5; 
ALBANI & YASSINI 1993, p.23, figs.34,35; LOEBLICH 
& TAPPAN 1994, p.168, p\.379, figs. 1-4; YASSINI & JONES 
1995, p, 176, figs. \026-9, \034-6. 

Elphidium depressulum Cushman, ALBAN I & YASSJNI 1993, 
p.26, figs.59-60,63-64; LOEBLICH & TAPPAN 1994, p, 169, 
p1.379, figs.5-11. 

Elphidium omotoensis DORREEN 1948, p,290, p1.3 7, 
figs, 12a, 12b, 

DESCRIPTION: Test of medium size, outline smoothly circu
lar to very slightly lobulate in latter part; profile biconvex 
with flat or convex sides; periphery acutely rounded, with 
moderately strong, narrow, rounded keel; 12 to 17 slightly 
inflated chambers in adult whorl; radial ribs lacking; nu
merous (7-11), narrow, septal bridges span the sutures, 
and extend about one third to one half the width of the 
chambers; sutures depressed and slightly curved backwards 
towards periphery; umbilical area filled with a solid, flat, 
circular boss, sometimes with several pits or surrounded 
by a spiral suture; fine papillae line the sutures and the 
basal part of the apertural face of the last chamber; wall 
texture finely perforate. Greatest diameter 0.4-0.6 mm; 
width/thickness ratio 2-2.5. 

REMARKS: Recent specimens from the South-west Pacific 
and Australia are very similar to the types from the Recent 

of Florida (pers. obs.; redrawn by Buzas et al. 1985, fig. 
6.1,2), although we recognise considerable variation be
tween populations in the character of the umbonal boss. In 
some populations the boss is broad and flat with pits (PI. 
2, Fig. 11), in others it has a smaller diameter and is raised 
with no pits and may be surrounded by a circular or spiral 
suture (PI. 2, Fig. 9). E. advenum advenum is easily dis
tinguished from E. advenum dispar and E. advenum 
limbatum by the presence of its substantial umbonal boss. 
It is less papillate than E. advenum botaniense and 
E. advenum tongaense, both of which have the umbilical 
area half occupied by their distinctive boss and half by 
papillae. E. advenum advenum can be distinguished from 
the most similar subspecies, E. advenum maorium by its 
stronger peripheral keel, shorter septal bridges, often 
greater number of chambers and generally larger umbonal 
boss. 

The fossil New Zealand specimens are indistinguishable 
from the Recent specimens from the South-west Pacific, 
except that they tend to have a slightly broader keel. Study 
of the types and topotypes of E. omotoense show that it is 
not possible to distinguish it from E. advenum advenum, 

TYPE LOCALITY: United States, Florida, Tortugas, 22 m 
depth, Recent. 

TYPE SPECIMENS SEEN: Holotype (CC3282a), 2 paratypes 
(CC3282b). 

PRESENT-DAY GEOGRAPHIC DISTRIBUTION (Fig. 15): This is 
the most common subspecies of E. advenum in the South
west Pacific, north of New Zealand, occurring in samples 
examined from Lord Howe, Norfolk, Kermadec, Solomon 
and Cook Islands, New Caledonia, Vanuatu, Fiji, Tonga 
and Samoa. It also occurs right around the coast of Aus
tralia (Albani & Yassini 1993). 

ECOLOGIC DISTRIBUTION: E. advenum advenum is common 
in a number of environments around the tropical and sub
tropical Pacific Islands. It occurs in both normal marine 
salinity and slightly brackish conditions, is common in in
tertidal mangrove forests and in sandy beaches, but also 
lives subtidally in sheltered and exposed conditions on the 
inner shelf. It lives with faunas dominated by varying com
binations of Elphidium, Ammonia, Quinqueloculina, 
Peneroplis, Textularia, Helenina, Discorbis, Tinoporus and 
Bolivina, 

NEW ZEALAND PALEOGEOGRAPHIC DISTRIBUTION (Fig. 34): All 
the known New Zealand occurrences of E. advenum 
advenum are from the South Island, except one from the 
earliest Oligocene of the Waikato. 

NEW ZEALAND STRATIGRAPHIC DISTRIBUTION: In New Zea
land this subspecies is known from the middle Eocene to 
middle Miocene (Bortonian to Waiauan). 

NEW ZEALAND PALEOECOLOGIC DISTRIBUTION: Some faunas 
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contain up to 5-10% of E. advenum advenum and all in 
which it occurs have 0-20% planktics. Late Eocene and 
Oligocene faunas (e.g. J321f7848, R14/f654I ,L28/f7504) 
are dominated by combinations of Gaudryina, Melonis 
maoriea, Buliminella. Cribrorotalia, Amphistegina, 
Asterigerina, Cibieides and Elphidium spp. - assemblages 
typical of moderately exposed, clean sediment at inner shelf 
depths (c. 1-40 m, Hayward 1986). Early Miocene fau
nas (e.g. M341f7038, I381f7607, J41/f8498) are dominated 
by combinations of Textularia, Quinqueloeulina, 
Amphistegina, Buliminella, Cibieides, Cribrorotalia, 
Diseorbis, E/phidium spp., Melonis, Notorotalia spinosa 
and Pileo/ina - assemblages also typical of moderately 
exposed sand at inner shelf depths (c. 1-40 m). 

Thus it would appear that E. advenum advenum has lived 
in normal marine salinity in moderately exposed, clean 
sediment at inner shelf depths since the middle Cenozoic. 

Elpltidium advellum botalliense Albani 
PI. 3, Figs 1-4 

Elphidillm botaniensis ALBAN! 1981, p.155, figs.4J,N; 
ALBANl & YASSlNl 1993, p.23, figs.43-46: YASSlNI & 
JONES, 1995, p.l76. figs.l 030-3. 

DESCRIPTION: Test of medium size, outline smoothly circu
lar to slightly lobulate in latter part; profile biconvex with 
convex sides; periphery acutely rounded, with strong, 
broad, rounded keel; sides of final chamber convex; 10 to 
13 inflated chambers in adult whorl; radial ribs lacking; 
numerous (7-11), narrow, septal bridges span the sutures, 
and reach about half the width of the chambers; sutures 
depressed and strongly curved backwards towards periph
ery; umbilical area partly filled with a solid, circular or 
semicircular boss and partly with numerous fine papillae; 
fine papillae extend as a wide band along each suture all 
the way to the periphery and cover the central portion of 
the apertural face of the last chamber: wall texture finely 
perforate. Greatest diameter 0.4-0.5 mm; width/thickness 
ratio 1.8-2.2. 

REMARKS: E. advenllm botaniense differs from E. advenllm 
tongaense by its more inflated test, lack of radial ribs and 
lack of a tendency to become evolute; from E. advenum 
dispar (from the Pacific islands) by the presence ofa boss 
and more inflated chambers; and from E. advenum 
limbatum by its greater test inflation, stronger keel and 
presence of a single boss. 

E. advenlll11 botaniense is also very similar to the Recent 
Japanese E. paeijieum (Ujiie 1956) but E. advenum 
botaniense differs in its greater inflation and smaller, less 
pronounced umbonal boss. 

TYPE LOCALITY: Australia, New South Wales, Botany Bay 
borehole 420, 54 m depth, Pleistocene. 

TYPES: Holotype (Australian Museum, Sydney, AM Z871). 
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PRESENT-DAY GEOGRAPHIC DISTRIBUTION (Fig. 15): This spe
cies is common around the coast of Queensland and New 
South Wales, and has also been recorded from Tasmania 
(Albani & Yassini 1993). In this study we also record it 
from Samoa and the Solomon Islands. 

ECOLOGIC DISTRIBUTION: E. advenum botaniense is com
mon off the east coast of Australia and around several is
land groups, in normal marine salinity and slightly brack
ish environments at depths down to about 50 m. The as
sociated faunas are dominated by combinations of 
Reophax, Textularia, Spiroloeulina, Quinqueloculina, 
Triloeulina, Peneroplis, Opereulina, Discorbis, Discorbis, 
Ammonia and Elphidium. It also occurs sporadically at 
greater depths, possibly transported downslope after death. 

ETYMOLOGY: From the type locality in Botany Bay. 

Elphidium advenum dispar Cushman 
PI. 3, Figs 5-8 

E/phidium advenum var. dispar Cushman in CUSHMAN, TODD 
& POST 1954, p.346, p1.86, fig.31. 

DESCRIPTION: Test of medium size, outline smoothly circu
lar; profile biconvex with flat or convex sides; periphery 
acutely rounded, with moderately strong, bluntly rounded 
keel; 13 to 16 chambers in adult whorl; broad, somewhat 
flattened, radial ribs present on the leading edge of each 
except the last chamber; 8-12, narrow, septal bridges span 
the sutures, and reach three quarters or full width of the 
chambers, linking together the radial ribs into reticulate 
ornament; sutures depressed, slightly curved backwards 
towards periphery and lined with fine papillae; umbilical 
area depressed, containing numerous fine papillae and 
sometimes a larger tubercle or two; fine papillae are also 
present over much of the apertural face of the last cham
ber; wall texture finely perforate. Greatest diameter 0.4-
0.6 mm; width/thickness ratio 1.8-2.2. 

REMARKS: E. advenum dispar differs from E. advenum 
advenum, E. advenum botaniense, E. advenum maorium 
and E. tongaense by the lack of an umbonal boss. It dif
fers from E. advenum limbatum by its greater number of 
chambers, longer retral processes and more inflated test. 
It differs from the southern ocean E. mawsoni by its smaller 
test and far fewer septal bridges. 

TYPE LOCALITY: Marshall Islands, Rongerik Lagoon, 30 m 
depth, Recent. 

TYPE SPECIMENS SEEN: Holotype (USNM548508) and 26 
paratypes (USNM36961 1-2). 

PRESENT-DAY GEOGRAPHIC DISTRIBUTION (Fig. 15): Described 
as common in the Marshall Islands (Cushman et al. 1954), 
this subspecies is additionally recorded here from Fiji and 
the Solomon Islands. 



ECOLOGIC DISTRIBUTION: In the South-west Pacific, 
E. advenum dispar occurs in low numbers in slightly brack
ish to normal salinity shallow subtidal and intertidal habi
tats in faunas dominated by Elphidium and 
Quinqueloculina species with subdominant combinations 
of Textularia, Mi/iammina, Triloculina, Discorbis. 
Trochammina and Ammonia. 

ETYMOLOGY: Presumably from the Latin "dispar" mean
ing different, presumably relating to the fact that this vari
ety was different from anything previously described. 

Elphidium advenum limbatum (Chapman) 
PI. 3, Figs 9-17; PI. 4, Figs 1-10 

Polystomella macellum var. limbatum CHAPMAN 1907, p.142, 
pI. I 0, figs.9a-b. 

Elphidium macellum var. limbatum (Chapman). CUSHMAN 
1939, p.52, p1.l4, fig.5. 

Elphidium limbatum (Chapman). COLLINS 1958, p.421; 
COLLINS 1974, pAl. 

Polystomella striatopunctata (Fichtel & Moll). HERON-ALLEN 
& EARLAND 1922, p.229. 

Cribroelphidium argenteum (Parr). HEDLEY et at. 1967, pA8, 
pI. 12, fig.2a,b; COLLEN 1983, p. 15, 19,24,28,32. 

Cribrononion argenteum (Parr). LEWIS 1979, p.35. 
Cribrononion sp. SCOTI 1970, fig.6.5. 
Elphidium argenteum Parr. HAYWARD 1979, p.184; 

HAYWARD 1981, p.132; HAYWARD & GRACE 1981, 
p.52; BROOK et at. 1981, p.90. 

Elphidium advenum (Cushman). HAYWARD 1990b, p.96; 
HAYWARD & BROOK 1994, fig.3.14; HAYWARD & 
HOLLIS 1994, p1.4, fig.13-15; HAYWARD & TRIGGS 1994, 
p1.2, fig.ll; HAYWARD et al. 1996, p1.2, figs.6-7. 

? Elphidium aff. advenum (Cushman). KUSTANOWICH 1965, 
p.53,61. 

Elphidium cf. advenum (Cushman). HORNIBROOK 1961, 
p.129. 

Elphidium advenum (Cushman) var. depressulum CUSHMAN 
1933, p.51, figAa,b; CUSHMAN 1939, p.61, p1.17, fig. I. 

Elphidium depressulum Cushman. ALBANI 1968b, p.33, 
fig.152. 

Elphidium advenum (Cushman) depressulum Cushman. 
HAYWARD et at. 1994, fig.30. 

Elphidium earlandi avalonense COLLINS 1974, p.43, p1.3, 
figs.32a-b. 

DESCRIPTION: Test of medium size, outline smoothly cir
cular to slightly lobulate in latter part; lenticular in profile 
view with flat sides; periphery acutely rounded, with mod
erately strong, rounded keel; II to 14 (occasionally up to 
16) slightly inflated chambers in adult whorl; radial ribs 
lacking; 6-9, narrow, septal bridges span the sutures, and 
reach one quarter to one half the width of the chambers; 
sutures depressed, slightly curved backwards towards pe
riphery and lined with fine papillae; umbilical area de
pressed, containing numerous smaller fine papillae and 
often several larger tubercles; fine papillae are also present 
on the lower part of the apertural face of the last chamber; 
wall texture finely perforate. Greatest diameter 004-0.65 
mm; width/thickness ratio 2.5-3.2. 

REMARKS: Examination of a large suite of specimens and 

populations from New Zealanq, eastern Australia and the 
South-west Pacific islands, together with types of 
E. macellum limbatum, E. advenum depressulum and 
E. ear/andi avalonense lead us to conclude that they are 
all one slightly variable taxon, that is closely related to 
E. advenum. 

E. advenum limbatum differs from E. advenum advenum. 
E. advenum botaniense, E. advenum maorium and 
E. advenum tongaense by the lack of an umbonal boss. It 
differs from E. advenum dispar by its fewer chambers, 
shorter retral processes and more compressed test. It dif
fers from the southern ocean E. mawsoni by its fewer cham
bers, smaller test and far fewer septal bridges. 

Hedley et al. (1967) referred this form in New Zealand to 
Cribroelphidium argenteum (Parr) based on similarities 
in internal structure, i.e. apparently although not explic
itly, the absence of retral processes in "certain New Zea
land intertidal specimens" (pA8). As discussed above, 
this feature is no longer a valid distinction between 
Cribroelphidium and Elphidium. Moreover, there is no 
reason to doubt that the retral processes are as variably 
developed within the E. advenum complex as they are 
within E. excavatum. 

Specimens with more than 13 chambers in the final whorl 
were only encountered in Otago Harbour and the Auck
land Islands (both southern New Zealand). These are usu
ally also larger than typical forms, with which they co
occur, and have a more acute periphery. They bear some 
resemblance to E. argenteum but are smaller on average 
(rarely >0.5 mm) and lack the distinctive finely beaded 
surface of Parr's species. 

Oligocene and early Miocene fossil New Zealand speci
mens tend to have a stronger keel than most Recent speci
mens. 

TYPE LOCALITY: Australia, Victoria, Beaumaris, shore sand, 
Recent. 

TYPE SPECIMENS SEEN: Nine paratypes (CCI4249). 

PRESENT-DAY GEOGRAPHIC DISTRIBUTION (Figs 15,22): Com
mon throughout New Zealand including Stewart, Chatham 
and Auckland Is. (Brook et af. 1981; Hayward 1979, 1981, 
1990b; Hayward & Grace 1981; Hayward & Hollis 1994; 
Hedley et af. 1967; Hulme 1964; Lewis 1979). This sub
species occurs around the coast of south-eastern Australia 
in New South Wales, Victoria and Tasmania (Albani 1968a, 
this study) and is widespread in the South-west Pacific 
islands, having been recorded here from Fiji, Tonga, 
Vanuatu and the Cook, Kermadec, Lord Howe, Norfolk 
and Solomon Islands. 

ECOLOGIC DISTRIBUTION: In present-day New Zealand, 
E. advenum limbatum is most abundant in very slightly 
brackish low tidal or shallow subtidal parts of enclosed 
harbours and inlets with associations dominated by 
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Haynesina depressula. Ammonia beeearii. E. eharlottense 
and E. exeavatum (e.g. Hayward et at. 1996). It also oc
curs in lower numbers in nonnal marine conditions in some
what sheltered inner shelf depths. It is usually rare in more 
exposed deeper water locations, although it is reportedly 
common on the outer shelf off southern Hawkes Bay (Lewis 
1979). 

Along the east coast of the southern states of Australia, 
E. advenum limbatum has a similar distribution to New 
Zealand, being most common in very slightly brackish low 
tidal or shallow subtidal parts of enclosed harbours and 
bays with associations dominated by Elphidium, 
Haynes ina, Ammonia, Quinqueloeulina, Spiroloeulina, 
Ammotium and Cibieides. 

Around many of the Tropical islands of the South-west 
Pacific, E. advenum limbatum is moderately common in 
normal marine salinity at intertidal and shallow subtidal 
depths, becoming less abundant below about 20 m. Here 
the associated faunas are dominated by combinations of 
Textularia, QUinqueloeulina, Spiroloeulina, Triloeulina, 
Peneroplis, Amphistegina, Elphidium, Bolivina, Reusella, 
Diseorbis and Rosalina. 

NEW ZEALAND PALEOGEOGRAPHIC DISTRIBUTION (Fig. 34): All 
late Eocene records from New Zealand of E. advenum 
limbatum are from the South Island. It occurs throughout 
the country in the Oligocene and Miocene, but the few 
Pliocene and Pleistocene records are all from the North 
Island, possibly because of the sparse Plio-Pleistocene 
record in the south. 

NEW ZEALAND STRATIGRAPHIC DISTRIBUTION: This subspe
cies is known from the late Eocene to Recent (Runangan
Recent) in New Zealand. Most fossil records are from the 
Oligocene and early Miocene with only scattered occur
rences in the middle Miocene, Pliocene and Pleistocene. 

NEW ZEALAND PALEOECOLOGIC DISTRlI3UTlON: In fossil as
semblages E. advenllm limbatum mostly occurs in rela
tive abundances ranging up to c.8% of some faunas. In 
late Eocene and Oligocene faunas (e.g. J321J7848, R lSI 
fl12, L281J7504, F45/f8495) planktics comprise 1-10 % 
and the benthic assemblages are dominated by combina
tions ofGaudryina, Amphistegina. Buliminella, Cibieides. 
Cribrorotalia, Elphidillm crispum erispum, 
Globoeassidlilina, Gyroidina, Me/onis and Notorotalia 
which are typical of inner shelf, moderately exposed envi
ronments. In early Miocene faunas (e.g. M34/171, 1381 
17608, J41/f8498, F46/f8490) planktics comprise 0-30% 
and the benthic assemblages are dominated by combina
tions of Gal/dryina. Haeuslerella. Bolivina, Cibicides. 
Cribrorotalia. ElphidiIlIII crispull1 crispzlIn, Lenticulina, 
Nonionella and Sherborn ina. which indicate a range of 
environments from shallow, moderately exposed inner shelf 
to muddy, sheltered mid shelf. 

One Oligocene fauna (S 14/f23 core 14.4 m) is unusual. It 

68 

has no planktics and a very low diversity with two 
codominant species, Elphidium advenum limbatum and 
Haplophragmoides sp., constituting 95% of the assem
blage. This assemblage is remarkably similar to some 
found today in slightly brackish intertidal flats in sheltered 
inlets and the outer parts of estuaries, and this is the in
ferred paleoenvironment. 

It appears that E. advenum limbatum probably had a very 
similar ecologic distribution around New Zealand during 
the middle Cenozoic as it has today. Its greatest abun
dances (up to 50% of a fauna) were in slightly brackish 
tidal flats, possibly filling the niche later occupied by 
E. excavatum s.l.. E. advenum limbatum was more wide
spread in lower abundances in nonnal marine inner shelf 
depths becoming less abundant further out on the shelf. 

ETYMOLOGY: Presumably named for its inflated or limbate 
chambers. 

Elphidium advenum macelliforme McCulloch, 1981 
PI. 5, Figs 6-12 

Elphidium macelliforme McCULLOCH 1981. P 119, p1.40, fig.!; 
ALBANI & YASSINI 1993, p.28, figs.65,66. 

DESCRIPTION: Test of medium to large size, outline smoothly 
circular; profile biconvex with flat, parallel sides centrally; 
sides ofapertural face convex; periphery acutely rounded, 
with a moderately strong, rounded keel; 18 to 20 very 
slightly inflated, almost flat chambers in adult whorl; ra
dial ribs lacking; 9-13, narrow, evenly-spaced, septal 
bridges span the sutures; sutures slightly depressed and 
slightly curved backwards towards periphery; umbilical 
area relatively flat with a small, solid, subcircular boss, 
surrounded by an irregular spiral suture; fine papillae line 
the sutures and the basal part of the apertural face of the 
last chamber; wall texture finely perforate. Greatest diam
eter 0.5-0.8 mm; width/thickness ratio 2.0-2.8. 

REMARKS: E. advenum maeelliforme is distinguished from 
all other subspecies of E. advenum by its greater number 
of chambers per whorl, less inflated chambers and nar
rower, less incised sutures. The presence of an umbonal 
boss also helps distinguish it from E. advenum limbatum 
of similar age. 

E. advenum macelliforme is similar in gross fonn to the 
Australian Pliocene, E. pseudonodosum, but E. advenum 
maeelliforme differs in its narrower more distinct keel, its 
less inflated chambers and smaller overall test size. 

TYPE LOCALITY: Mexico, Tortugas Island, 80 m, Recent. 

PRESENT-DAY GEOGRAPHIC DISTRIBUTION (Fig. 15): 
E. advenum macelliforme occurs in the east Pacific 
(McCulloch, 1981) and right around Australia (Albani & 
Yassini 1993). In the study area it is only known from 
Victoria. 



NEW ZEALAND PALEOGEOGRAPHIC DISTRIBUTION (Fig. 34): 
E. advenum macelliforme is currently only known from 
New Zealand. Its Oligocene records are from the South 
Island and its younger records are all from the eastern North 
Island. 

NEW ZEALAND STRATIGRAPHIC DISTRIBUTION: This sub
species is only known from five widely spaced fossil 10-
caliti~s in New Zealand: two from the Oligocene 
(Whaingaroan-Duntroonian) and the other three from the 
late Miocene and early Pliocene (late Tongaporutuan
Opoitian). 

NEW ZEALAND PALEOECOLOGIC DISTRIBUTION: The faunas in 
which this subspecies occurs have c. 10-30% planktics. 
They have typical inner shelf (c. 5-50 m) benthic assem
blages dominated by combinations of Textularia, Cibicides, 
Elphidium crispum crispum (Tt), Cribrorotalia (Ld), 
Notorotalia (Tt) and Amphistegina (Ld). 

ETYMOLOGY: For its superficially similar morphology to 
the genotype, E. macellum. 

Elphidium advenum maorium Hayward n.ssp. 
PI. 1, Fig. 7; PI. 4, Figs 11-16; PI. 5, Figs 1-5 

Elphidium advenum (Cushman). FINLAY in MARPLES 1952, 
p.61.62; COLLINS 1974, p.4l; HAYWARD & BUZAS 1979. 
p.52, p1.l2, fig. 157. 

Elphidium advenum var. depressulum Cushman. HAYWARD 
1990b, p.96: HAYWARD et al. 1984, p.162. 

Elphidium sp. cf. simplex Cushman. PARR, 1945, p.216, pI. II, 
fig.8. 

Elphidium charlollense (Vella). KENNETI 1966a, p.61, p1.8, 
figs. 123, 124: KENNETI 1966b, p.206-207. 

DESCRlPTION: Test of small to medium size, outline smoothly 
circular to very slightly lobulate in latter part; profile 
biconvex with flat, parallel sides centrally; periphery 
acutely rounded, with a very weak, rounded keel or no 
keel but a smooth, thickened area along the periphery; 10 
to 13 slightly inflated chambers in adult whorl; radial ribs 
lacking; 6-10, narrow, short, septal bridges span the su
tures; sutures depressed and slightly curved backwards 
towards periphery; umbilical area with a small, solid, cir
cular or irregular boss, sometimes with one or several pits; 
fine papillae line the sutures and the basal part of the 
apertural face of the last chamber; wall texture finely per
forate. Greatest diameter 0.35-0.5 mm; width/thickness 
ratio 2.3-3.0. 

REMARKS: E. advenum maorium is distinguished from the 
most similar subspecies E. advenum advenum by its much 
weaker keel, often lacking, its shorter retral processes, 
weaker boss and often fewer chambers. It differs from 
E. advenum limbatum, with which it co-occurs in New 
Zealand, by its weak or absent keel, and by the presence 
of an umbonal boss. E. advenum maorium is distinguished 
from E. charlottense by more strongly curved sutures, a 

weaker keel, distinctly convex sides to the apertural face 
and a smaller umbonal boss. 

We tentatively include within this subspecies, a very com
pressed variant with weak or no keel (PI. 4, Figs 15-16) 
which has been encountered in a few localities around New 
Zealand (e.g. Waitemata Harbour; Stewart Island 
(F201109): width/thickness ratio 3.1-3.6). 

TYPE LOCALITY: New Zealand, Auckland, Waitemata Har
bour, Parnell Reef, low tide (F20 1347), Recent. 

HOLOTYPE: TF 164811 

PARATYPES: Six paratypes (TFI648/2-3, F201347); 5 
paratypes (USNM487674, F201347). 

PRESENT-DAY GEOGRAPHIC DISTRIBUTION (Figs 15, 22): 
E. advenum maorium occurs throughout New Zealand, in
cluding the Chatham Isiands, although it is rarely com
mon. In this study we have also recorded it from the east 
coast of Australia and the southern group oftropical South
west Pacific islands of Lord Howe, Norfolk and 
Kermadecs. 

ECOLOGIC DISTRIBUTION: In New Zealand, E. advenum 
maorium is generally rare in sheltered nearshore, normal 
marine salinity locations, but is sometimes common in 
slightly brackish parts of enclosed harbours and inlets in 
associations dominated by Haynesina depressula, Ammo
nia beccarii, E. charlottense and Quinqueloculina 
seminula (Waitemata and Raglan Harbours, Tasman Bay, 
Dusky Sound, Paterson Inlet and Islet Cove, Port Pegasus). 

E. advenum maorium is moderately rare around the south
ern tropical islands of the South-west Pacific and south
east Australia, where it occurs in normal marine salinity at 
intertidal and shallow subtidal depths. 

NEW ZEALAND PALEOGEOGRAPHIC DISTRIBUTION (Fig. 34): 
Late Eocene and Oligocene records of E. advenum 
maorium in New Zealand are all from the South Island. Its 
Miocene and Pliocene records are from both islands and 
the rare Pleistocene records are from the North Island only. 

NEW ZEALAND STRATIGRAPHIC DISTRIBUTION: This subspe
cies is known from scattered fossil records from around 
New Zealand from the late Eocene to Recent (Runangan 
onwards). It is more common in the early Miocene, 
Pliocene and Pleistocene. 

NEW ZEALAND PALEOECOLOGIC DISTRIBUTION: E. advenum 
maorium is not common in the New Zealand fossil record 
and has not been recorded in relative abundances greater 
than 5% ofthe total fauna. It mostly occurs in faunas (e.g. 
V22/f7470, K29/f8514, M34/f7038, 141/f8498) contain
ing 5-30% planktics, and dominated by combinations of 
the benthics Haeuslerella. Astrononion. Bolivina, 
Cibicides, Discorbis, Florilus, Nonionella, Notorotalia and 
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Uvigerina that are typical of deep inner, mid and outer 
shelf depths (30-200 m) in normal marine salinity 
(Hayward 1986). Some of these may have been trans
ported into deeper water after death. Even so, fossil 
E. advenum maorium appear to have lived in deeper envi
ronments than their modem counterparts. 

ETYMOLOGY: From the native people of New Zealand, the 
Maori. 

Elphidium advenum tongaense (Cushman) 
PI. 5, Figs 13-18 

Ozawaia tongaensis CUSHMAN 1931, p.80, pl.! 0, figs.7-1O; 
CUSHMAN 1933, p.53, pl.!2, figs. 10-12; CUSHMAN 1939, 
p.67, pl.l9, figs.5-8; LOEBLICH & TAPPAN 1964, p.C640, 
fig.510,3,4; LOEBLICH & TAPPAN 1988, p.675, p1.791, 
figs. 1-4. 

Elphidium subevolutum CUSHMAN 1933, p.52, pl.l2, figs.6a,b; 
CUSHMAN 1939, p.63, pl.!8, fig.5. 

Elphidium macel/um var. limbatum (Chapman). CUSHMAN 
1933, p.50, pI. 11 , figs.9a,b. 

Elphidiumjenseni (Cushman). LOEBLICH & TAPPAN 1994, 
p.169 (part), pl.381, figs.4-5. 

DESCRIPTION: Test of medium to large size, outline smoothly 
circular to slightly lobulate; profile compressed with flat 
to slightly concave sides; periphery acutely rounded, with 
strong, slightly rounded keel; sides of final chamber con
vex; 12 to 14 chambers in adult whorl; broadly rounded 
radial rib developed on the umbilical half of all except the 
last one or two chambers; numerous (7-17), narrow, septal 
bridges span the sutures, but seldom extend far over the 
preceding chamber; sutures depressed and strongly curved 
backwards towards periphery and towards the umbilical 
area; subevolute coiling results in a wide umbilical area, 
partly filled with a solid, semicircular boss and partly with 
numerous fine papillae; fine papillae also extend as a wide 
band along each suture all the way to the periphery and 
also cover the central portion of the apertural face of the 
last chamber; in adult specimens, the last few chambers 
may become evolute or uncoiled. Greatest diameter 0.6-
0.7 mm; width/thickness ratio 3-4. 

REMARKS: The type population of Ozawaia tongaense con
sists of the holotype and 38 paratypes. This population 
contains two deformed specimens (the holotype and one 
paratype) having three and one add itional chambers re
spectively (with circular cross-sections) added in a linear 
series. Cushman (1931) erected his new genus Ozawaia, 
based on these two specimens which we interpret to be 
aberrant forms. The remainder of the type population is 
identical to the planispiral portion of the two aberrant speci
mens, and appear to be conspecific with the types of 
Elphidium subevolutum (CC 15672, CC 19899, CC 19900). 
There can be little justification to retaining the genus 
Ozawaia, based as it is on two unusual deformed speci
mens. The taxon clearly belongs in the Elphidium advenum 
group and is very similar to E. advenum botaniense, from 
which it is distinguished by its more compressed form, 
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bluntly shaped final chamber and strong radial ribs. The 
semi-circular boss and short radial ribs distinguish 
E. advenum tongaense from all the other E. advenum sub
species. 

TYPE LOCALITY: Tonga, Vava'u Anchorage, Recent. 

TYPE SPECIMENS SEEN: Holotype (CCI5676), 38 paratypes 
(CCI5677, CCI5678, CC19903, CC19904, CC37302). 

PRESENT-DAY GEOGRAPHIC DISTRIBUTION (Fig. 16): Elphidium 
advenum tongaense appears to be endemic to the tropical 
South-west Pacific. In this study we have recorded it from 
the Cook Islands, Fiji, Samoa, Tonga and Vanuatu. 

ECOLOGIC DISTRIBUTION: E. advenum tongaense is a com
mon species in normal marine salinity at inner shelf depths 
(0-30 m) around tropical islands in diverse faunas domi
nated by combinations of Textularia, Reophax, 
Quinqueloculina, Spiroloculina, Triloculina, Sorites, 
Tinoporus and Elphidium. 

ETYMOLOGY: From the type locality in Tonga. 

Elphidium albanii Hayward n.sp. 
PI. 6, Figs 1-5 

Cribrononion oceanicus (Cushman); ALBANI 1978, p.387, fig. 
9B; YASSINI & JONES 1995, p.179. fig. 1 050. 

DESCRIPTION: Test of small to medium size; outline circu
lar to slightly lobu late; profile moderately compressed with 
parallel or slightly convex sides; acutely rounded periph
ery with no keel nor thickened band; 9-12 non-inflated 
chambers per adult whorl; radial ribs lacking; 9-15 short, 
broad, septal bridges span each suture, separated by ex
tremely small sutural pits; sutural pits often closed over 
towards the umbilicus; sutures narrow and slightly de
pressed, straight to slightly curved backwards towards the 
periphery, marked by a band of opaque imperforate shell; 
umbilical area flat to slightly depressed, filled with opaque 
shell wall; chamber walls very finely perforate. Maximum 
diameter 0.35-0.5 mm; width/thickness ratio 2.2-3.0. 

REMARKS: E. albanii is characterised by its smooth shell, 
flat infilled umbilicus, numerous small sutural pits and 
opaque sutural bands. It is very similar to E. cristobalense 
McCulloch from Panama, which has a more broadly 
rounded periphery and more translucent test and to 
E. galeroense McCulloch from Colombia, which has a dis
tinct glassy umbo and is more transparent and more 
coarsely perforate than E. albanii. 

HOLOTYPE: TF 164911 

PARATYPES: Five paratypes (TFI649/2-3), 4 paratypes 
(USNM487982), 4 paratypes (AK74083), all from type 
locality. 



TYPE LOCALITY: Australia, Queensland, Great Barrier Reef, 
Claremont Lightship (F20 1595), Recent. 

PRESENT-DAY GEOGRAPHIC DISTRIBUTION (Fig. 16): E. albanii 
is recorded here from the coast of the east Australian states 
of Queensland and New South Wales and from nearby Lord 
Howe Island. 

ECOLOGIC DISTRIBUTION: E. albanii lives in shallow inner 
shelf depths in normal marine salinity in faunas dominated 
by combinations of Textularia, Reophax, Spiroloculina, 
Quinqueloculina, Triloculina, Elphidium, Peneroplis, 
Operculina, Ammonia and Bolivina. 

ETYMOLOGY: Named after prominent Australian 
micropaleontologist, Dr A. Albani, who has studied the 
Recent Elphidiidae of Australia. 

Elphidium argenteum Parr 
PI. 6, Figs 6-7 

Elphidium argenteus PARR 1945, p.216, p1.12, fig.7; COLLINS 
1974, p.4l; YASSINI & JONES 1986, pI. 7. figs. 12-14; 
YASSINI & JONES 1988, p.263, fig. 16, nos.12-14. 

Cribrononion argenteum (Parr). ALBAN1 1978, p.385. fig.9F; 
ALBANI & YASSINI 1993. p.18. figs.18,21; YASSINI & 
JONES 1995. p.178, figs. 1038-9. 

Polystomella striatopunctata (Fichtel & Moll). CHAPMAN 
1907, p.141. 

DESCRIPTION: Test of medium size; outline circular to 

slightly lobulate; profile moderately compressed with par

allel or slightly concave sides; acutely rounded periphery 

with a weak keel; 12-17 slightly inflated chambers per 

adult whorl; radial ribs lacking or very weakly developed 

over central part of test; 8-15 narrow septal bridges span 

each suture, with each bridge about 1/3 to 3/4 chamber 

width; sutures depressed and slightly curved backwards 

towards the periphery; umbilical area small, depressed, 

containing several small tubercles; most of chamber walls, 

sutures and apertural face are covered with numerous fine 

papillae; optically granular wall texture. Maximum diam

eter 0.6 mm; width/thickness ratio 2.8-3.5. 

REMARKS: This species has the typical shape of E. advenum 
group, but has a distinctive covering of fine papillae over 

most of the test. The papillae give the appearance of a 

coarse wall texture under a light microscope making speci

mens resemble the optically radial, North American spe

cies E. margaritaceum (Buzas et at. 1985). E. argenteum 
is larger, has more septal bridges, weaker radial ribs, 

weaker peripheral keel and finer papillae than the superfi

cially similar species, E. carteri. 

TYPE LOCALITY: Australia, Victoria, Barwon Heads, shore 
sand, Recent. 

TYPE SPECIMENS SEEN: Holotype (Vict. Mus. F41264). 

PRESENT-DAY GEOGRAPHIC DISTRIBUTION (Fig. 16): 
E. argenteum is only known from around the coast of Aus
tralia off Queensland, New South Wales, Victoria and West 
Australia (Albani & Yassini 1993). 

ECOLOGIC DISTRIBUTION: E. argenteum appears to live in its 
greatest abundance in intertidal beach and shallow subtidal 
sand in normal marine salinity, in faunas dominated by 
combinations of Quinqueloculina, Elphidium, Ammonia, 
Bolivina and Triloculina. 

ETYMOLOGY: From the Latin "argenteum" meaning silvery, 
possibly for a superficial silvery appearance created by its 
papillate wall texture. 

Elphidium carteri Hayward n.sJl. 
PI. I, Fig. 15; PI. 6, Figs 8-12 

Elphidium macellum (Fichtel & Moll). MATHER & BENNETT 
1993, p. 18, fig. 9.19. 

DESCRIPTION: Test of small to medium size, outline 
smoothly circular to slightly lobulate in latter part; profile 
strongly compressed with flat to slightly concave sides; 
periphery acutely rounded, with strong, slightly rounded 
keel; 12 to 14 chambers in adult whorl; strong, rounded, 
radial rib developed on the umbilical half of all except the 
last one or two chambers; a few (about 5), narrow, septal 
bridges span the sutures, and extend about one third of the 
chamber width; sutures depressed and curved backwards 
towards periphery; wide umbilical area, partly filled with 
numerous coarse papillae and usually partly filled with a 
solid, semicircular boss; coarse papillae also extend over 
almost all the chamber walls and sutures, with finer papil
lae covering most of the apertural face of the last cham
ber. Greatest diameter 0.35-0.5 mm; width/thickness 
ratio 3-4. 

REMARKS: E. carteri differs from the Recent E. pustulosum 
Cushman & McCulloch (1940) from the Galapagos Islands 
by its smaller size and presence of a semicircular umbonal 
boss. It differs from E. advenum group by the coarse pa
pillae covering almost all the test. It is more compressed 
than E. advenum botaniense and has fewer septal bridges 
than E. advenum tongaense. It differs from the coarsely 
pustular E. argenteum by its fewer chambers, fewer septal 
bridges and by the presence of a distinct umbonal boss. 
The presence of an umbonal boss and coarsely pustular 
surface texture also distinguish E. carteri from 
E. macellum. The fossil specimens from New Zealand 
are remarkably similar to the Recent specimens from 
Queensland; the fossil specimens may have slightly weaker 
radial ribs and sometimes lack a semicircular boss in part 
of the umbilicus. 

TYPE LOCALITY: Australia, Queensland, Great Barrier reef, 
Claremont lightship (F20 1595). 

HOLOTYPE: TFI65011 
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PARATYPE: 2 paratypes (TFI650/2-3), 1 paratype 
(USNM487676) from type locality. 

PRESENT-DAY GEOGRAPHlC DISTRIBUTION (Fig. 16): This spe
cies is known in the Recent from the New South Wales 
and Queensland on the east coast of Australia, from Malaita 
in the Solomon Islands and fossil from the Miocene of 
New Zealand. 

ECOLOGIC DISTRIBUTION: This rather rare species appears 
to live in normal marine salinity on the inner shelf (0-30 
m) in diverse faunas dominated by combinations of 
Textularia, Spiroloculina, Quinqueloculina, Triloculina 
and Elphidium. 

NEW ZEALAND PALEOGEOGRAPHIC DISTRIBUTION (Fig. 34): 
The Miocene records of E. carteri in New Zealand are 
from both the south of the South Island and south of the 
North Island. 

NEW ZEALAND STRATIGRAPHIC DISTRIBUTION: Fossil E. carteri 
is only known from five localities spread throughout the 
Miocene (Waitakian-Waiauan) in New Zealand. 

NEW ZEALAND PALEOECOLOGIC DISTRIBUTION: The fossil fau
nas in which E. carteri is known, have low diversity, no 
planktics and are dominated by Cribrorotalia, Elphidium 
crispum crispum, Sherborn ina, Notorotalia and Cibicides, 
associations typical of clean, moderately exposed 
sediments at shallow inner shelf depths (c. 0-30 m). 

ETYMOLOGY: Named after the late Alan Carter, a promi
nent Australian foraminiferal micropaleontologist during 
the 1960s-1980s. 

Elphidium charlottense (Vella) 
PI. 6, Figs 13-16; PI. 7, Figs 1-2 

Elphidiononion charlottensis VELLA 1957, p.38, p1.9, fig. 187-
188; KUSTANOWICH 1965, P.53. 

Polystomella subnodosa (Munster). BRADY 1884, p.734, 
pl.IIO. fig. I; MESTAYER 1916, p.130; HERON-ALLEN & 
EARLAND 1922. p.229. 

Polystomella crispa (Linne). HAEUSLER 1887, p.200; HERON
ALLEN & EARLAND 1922, p.229; CUSHMAN 1919, 
p.632. 

Elphidium advenum (Cushman). HORNIBROOK in KNOX 
1951, p.43; HORNIBROOK in FLEMING 1952, p.82. 

Cribroelphidium charlottensis (Vella). HEDLEY et al. 1967, 
p.50, p1.12, fig.3a,b; COLLEN 1983, p.15, 18,24,28.32. 

Elphidium charlottensis (Vella). VELLA 1962, p.192; VELLA, 
1963. p.790; GIBSON 1967. p.54; TOPPING 1973, p.31. 
p1.9. tig.4,5; THOMPSON 1975. p.88; HOSKINS, 1978. 
p.274. p1.5, figs. 1-2; ADAMS 1979, p.144; HAYWARD 
1979, p.184. fig.3h: BROOK eta/. 1981. p.90; HAYWARD 
1981, p.132, fig.3b; HAYWARD 1982a, fig.5a; HAYWARD 
1982b, p.64, fig. 3d; HAYWARD 1990b, p.96. fig.3b; 
HAYWARD & GRACE 1981, p.52; HAYWARDetai. 1984, 
p.162, fig.7b; HAYWARD 1993, figs.30-p; HAYWARD & 
TRIGGS 1994, p1.2. fig. 12: HAYWARD & GRENFELL 
1994, fig.20: HAYWARD et al. 1996. p1.2, figs. 1 0-11; 
COLLEN 1995. pI. 1 O. figs.5-6. 
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Cribrononion charlottensis (Vella). LEWIS 1979, p.35. 
? Elphidium advenum (Cushman). CUSHMAN 1939, p.60, p1.16, 

fig.32. 

DESCRIPTION: Test medium-sized, slightly lobulate outline; 
slightly compressed, biconvex profile; periphery acute with 
a strong, rounded keel; 12-15 non-inflated to slightly in
flated chambers in final whorl, sides flattened to slightly 
concave; sutures flush to slightly depressed, slightly curved, 
ornamented with fine papillae; 8-10 short septal bridges, 
evenly spaced; umbilical area covered by a flattened boss 
not protruding beyond the outline of the test; wall finely 
perforate, translucent to opaque white. Greatest diameter 
0.2-0.55 mm; width/thickness ratio 2.2-2.8. 

REMARKS: This species is distinguished from E. advenum 
by its less inflated chambers, its flattened to slightly con
cave sides and slightly curved sutures. It consistently has 
fewer chambers per whorl than E. crispum crispum, and is 
less tightly involute with a stronger keel than 
E. matauraense. 

TYPE LOCALITY: New Zealand, Marlborough, Queen Char
lotte Sound, 8 m (F201283), Recent. 

TYPE SPECIMENS SEEN: Holotype (TFI30611); 3 paratypes 
(TF 1306/2, USNM689251, VFp77). 

PRESENT-DAY GEOGRAPHIC DISTRIBUTION (Figs 16, 22): 
E. charlottense is almost exclusively found in New Zea
land, occurring throughout the country, including Stewart 
Island. It appears to be more rare in southernmost New 
Zealand and Stewart 1. than further north. It is not known 
from Campbell or Snares islands. This species is also re
corded here from Lord Howe Island. 

ECOLOGIC DISTRIBUTION: A ubiquitous species in all set
tings from marginal marine to outer shelf, rare at depths> 
200 m (Lewis 1979). It is abundant in sandy, sheltered 
nearshore locations (0-20 m) of normal marine salinity, 
with its greatest abundance (up to 70 % of the benthic 
fauna) on sheltered intertidal and subtidal (to 3 m depth) 
sand beaches (Hayward 1982a). It probably does not live 
in depths greater than 100 m. 

NEW ZEALAND PALEOGEOGRAPHIC DISTRIBUTION (Fig. 35): The 
earlier records (Oligocene and early Miocene) of 
E. charlottense in New Zealand are all from the South Is
land. Thereafter it becomes more widespread in both is
lands, although all its Pleistocene records are from the 
North Island, reflecting the poor Pleistocene record in the 
South island. 

NEW ZEALAND STRATIGRAPHIC DISTRIBUTION: Oligocene to 
Recent (Whaingaroan onwards). This species is common 
in the New Zealand fossil record from late Miocene 
(Tongaporutuan) onwards. There are currently no known 
mid Miocene records and only five from the early Miocene 
and Oligocene, all from the south of the South Island. 



NEW ZEALAND PALEOECOLOGIC DISTRIBUTION: E. charlottense 
occurs in relative abundances of up to 5% in a number of 
fossil faunas (e.g. W15/f9540, Z16/fl2, V20/f8580, T25/ 
fl26), having 0-20% planktics and the benthic assemblages 
dominated by varying combinations of Ammonia, Bolivina, 
Bolivinita, Cibicides, Elphidium, Lenticulina, Nonionella, 
Notorotalia and Uvigerina. These faunas are typical of 
sheltered, normal marine salinity at inner, mid and per
haps outer shelf depths (c. 5-200 m, Hayward 1986). Thus 
it appears that in the past E. charlottense lived in a wide 
range of normal marine salinity environments similar to 
that of today, although it may not have become a dominant 
member of intertidal and subtidal beach assemblages until 
relatively recently (Quaternary) with the decline in 
E. erispum crispum in New Zealand. 

ETYMOLOGY: From the type locality, Queen Charlotte 
Sound. 

Elphidium collinsi Hayward n.sp. 
PI. 1, Fig. 16; PI. 7, Figs 3--4 

DESCRIPTION: Test of medium to large size; outline smoothly 
circular to very slightly lobulate in later part of whorl; pro
file biconvex with flat, parallel sides; periphery acutely 
rounded with a narrow, weak keel; 16-20 flat to slightly 
inflated chambers in adult whorl; ornament of coarse granu
lar papillae over entire chamber and in sutures; sutures 
depressed, straight to slightly curved back towards the 
periphery; 6-8 short, septal bridges span each suture; 
umbilical area flat or slightly depressed and occupied by a 
number of strong, irregular, glassy tubercles that almost 
unite into a single flat boss; apertural face ornamented with 
numerous fine rib lets interspersed with fine papillae radi
ating outwards from apertural suture; chamber walls per
forate. Greatest diameter 0.5-0.7 mrn; width/thickness 
ratio 2.3-2.6. 

REMARKS: E. eollinsi lacks the hispid ornament and strong 
umbonal boss of E. hispidulum; it lacks the radial ribs of 
E. retieulosum. E. collinsi is characterised by its extensive 
granular papilla over all the test, its short radial rib lets 
over part of the apertural face, its flat umbilical area and 
narrow, weak keel. 

TYPE LOCALITY: Australia, New South Wales, Watsons Bay, 
Recent (F20 1331). 

HOLOTYPE: TF 165 1/1 

PARATYPES: 2 paratypes (TF165112), 2 paratypes 
(USNM487678) from type locality. 

PRESENT-DAY GEOGRAPHIC DISTRIBUTION (Fig. 16): This spe
cies is only recorded from the type locality in New South 
Wales, eastern Australia. 

ECOLOGIC DISTRIBUTION: E. eollinsi is only known from a 
sheltered, shallow water, normal marine salinity environ-

ment in a diverse fauna dominated by Reophax, Textularia, 
Spiroloculina, Quinqueloeulina, Buliminella, Nonionella, 
Ammonia and Elphidium. 

ETYMOLOGY: Named after the late Arthur Collins, promi
nent amateur Australian foraminiferal micro
paleontologist, who described a number of Recent 
foraminiferal species from the east coast of Australia. 

Elphidium craticulatum (Fichtel & Moll) 
PI. 7, Figs 5-12 

Nalllillls eraljelllallls FICHTEL & MOLL 1798, p.51, p1.5, 
figs.h,i,k. 

Polyslomella eralielliala (Fichtel & Moll). BRADY 1884, p.739, 
pi. II 0, figs.16, 17; CUSHMAN 1918, p.289. 

Elphidillm eralielllalllm (Fichtel & Moll). CUSHMAN 1933, 
p.48. pI. II , figs.5a,b; CUSHMAN 1939, p.56, pI. 15, figs. 14-
17; KLEINPELL 1954, p.42. p1.2, fig.4; COLLINS [958, 
p.420; ALBANI 1968a, p.lll, pI. 9, figs. 19,20; ALBANI 
1968b. p.33, fig. 151; ROGL & HANSEN 1984, p.40, p1.9, 
figs.5.6; DEBENAY 1988, p.166; LOEBLICH & TAPPAN 
1988, p1.788, figs.6-I3; ALBANI & YASSINI 1993, p.25, 
figs.51-53; MATHER & BENNETT, 1993, p.18, fig.9.15. 

eel/anlhlls eralielllallls (Fichtel & Moll). LOEBLICH & 
TAPPAN 1964, fig.507,1-6; PALMIERI 1976a, p.372; 
PALMIERI 1976b, p.413; HATTA & UJIlE 1992, p.203, 
p1.49, figs.7a,b; LOEBLICH & TAPPAN 1994, p.167(part), 
p1.380, figs. I ,2,7,8. 

Elphidillm pam CUSHMAN 1936, p.81, p1.14, figs.7a,b; 
CUSHMAN 1939, p.47, p1.l2, fig.18. 

DESCRIPTION: Test large and inflated; outline smoothly cir
cular; profile biconvex to strongly inflated; periphery acute 
with one narrow, rounded keel; 20--40 chambers in adult 
whorl; 7-12 narrow septal bridges span the sutures; su
tures slightly depressed, straight to very slightly curved 
back towards the periphery; large, flat to slightly raised, 
shelly boss, spanning one quarter to one third diameter of 
test; boss pierced by numerous pits; sutures, chamber walls 
and base of apertural face lined with very fine papillae. 
Greatest diameter 0.8-1.6 mm; width/thickness ratio 
1.5-2. 

REMARKs: This species is characterised by its large size, 
its inflation, numerous chambers and large shelly boss. It 
is easily distinguished from E. mortonbayense by the pres
ence of its single, narrow, peripheral keel. Our material 
compares well with the lectotype, illustrated by Rogl and 
Hansen (\ 984). 

TYPE LOCALITY: Indian Ocean, Arabian Sea, Recent. 

PRESENT-DAY GEOGRAPHIC DISTRIBUTION (Fig. 17): This spe
cies has a widespread Indo-Pacific distribution (e.g. Hatta 
& Ujiie 1992, Hottinger et al. 1993, Loeblich & Tappan 
1994). In this study we have recorded it from northern, 
more tropical parts of the South-west Pacific (Tonga, Fij i, 
Solomon Islands, Vanuatu, Queensland and New South 
Wales). It is also recorded from Victoria by Albani and 
Yassini (1993) and New Caledonia by Debenay (1988). 
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ECOLOGIC DISTRIBUTION: E. craticulatum is a common mem
ber of low tidal and shallow subtidal (0-20 m) foraminiferal 
associations living in clean sand in normal marine salinity 
off the northeast coast of Australia and around many of 
the tropical island groups of the South-west Pacific. The 
associated faunas are dominated by combinations of 
Textularia, Reophax, Quinqueloculina, Spiroloculina, 
Triloculina, Elphidium, Peneroplis, Amphistegina, 
Baculogypsina, Reusella, Tinoporus, Bolivina, Ammonia, 
Discorbis and Operculina. 

ETYMOLOGY: Presumably from the crater-like pits in the 
umbonal boss. 

Elphidium crispum (Linne) 

Nautilus crispus LINNE, 1758, p.709. 
Elphidium crispum (Linne). CUSHMAN 1933, p.47, pI. II , fig.4; 

CUSHMAN 1939, p.50, p1.13, fig. I 7-21 ; KLEINPELL 1954, 
p.43, p1.2, figs.8, I 0; LOEBLICH & TAPPAN 1994, p.168, 
p1.378, figs.4-6. 

Elphidium parri Cushman. LEITCH et al. 1969, p.29. 

DESCRIPTION: Test large, evenly rounded outline; profile 
biconvex; periphery acute with strong keel; 20-40 cham
bers in final whorl; chambers not inflated but commonly 
with anterior part of each chamber slightly raised to form 
radiating ridges; sutures slightly depressed, strongly 
curved, tending to be sigmoidal; septal bridges, narrow, 
numerous, about one third to half the width of each cham
ber; umbilical area covered by a rounded boss, often raised 
and pitted; aperture a row of pores at base of apertural 
face. Greatest diameter 0.4-2.5 mm; width/thickness ratio 
1.5-4.0. 

REMARKS: E. crispum is characterised by its large size, 
numerous chambers and septal bridges, about half the width 
of each chamber, its wide, pitted umbonal boss, and 
biconvex profile. It is distinguished from E. macellum by 
the presence of an umbonal boss and from E. craticulatum 
by the much smaller size of the boss. 

TYPE LOCALITY: Italy, Rimini Beach, Recent. 

PRESENT-DAY GEOGRAPHIC DISTRIBUTION: E. crispum occurs 
in many parts of the tropical and subtropical Indo-Pacific 
and Mediterranean. 

SOUTH-WEST PACIFIC CONSTITUENT SUBSPECIES: 
E. crispum crispum late Eocene-Recent (New Zealand), Recent 

(Australia, N~w Zealand, SW Pacific islands) 
E. crispum waiwiriense early Miocene (New Zealand) 

ETYMOLOGY: From the Latin "crisp us" meaning curled, in 
reference to the strongly curved sutures. 
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Elphidium crispum crispum (Linne) 
PI. 7, Figs 13-16; PI. 8, Figs 1-9 

Nautilus crisp us LINNE, 1758, p.709. 
Elphidium crispum (Linne). CUSHMAN 1933, p.47, pI. 11, fig.4; 

CUSHMAN 1939, p.50, p1.13, fig.17-21; KLEINPELL 1954, 
p.43, p1.2, figs.8, 10; COLLINS 1958, p.420; ALBANI 1968a, 
p.lll, pI. 10, fig.7; ALBANI 1968b, p.33, fig.153; COLLINS 
1974, p.42; PALMIERI 1976a, p.372; PALMIERI 1976b, 
p.413; LOEBLICH & TAPPAN 1994, p.168, p1.378, figs.4-
6; YASSINI & JONES 1995, p. 177, figs.l015-6. 

Polystome//a subnodosa Munster. CHAPMAN 1926, p.89, pI. 1 , 
fig.20. 

Elphidium mace//um (Fichtel & Moll). APTHORPE 1980, p1.26, 
fig. I 1. 

Elphidium cf. chapmani Cushman. KENNETT I 966a, p.61. 
Elphidium gibsoni Hayward in HAYWARD & BUZAS 1979, 

p.52, pl.l2, figs.158-160, pl.l5, fig.182; HAYWARD & 
BROOK 1994, fig.3.15. 

Elphidiumjenseni (Cushman). YASSINI & JONES 1995, p.I77, 
figs. I 017 -8,1021. 

Cellanthus cf. craticulatus (Fichtel & Moll). McCULLOCH 
1977, p.224, p1.97, fig.3. 

DESCRIPTION: Test large, evenly rounded outline; profile 
biconvex to rhomboidal; periphery acute with strong, nar
row keel; sides of final chamber, straight to slightly con
cave; 20-40 chambers in final whorl; chambers not in
flated but commonly with anterior part of each chamber 
slightly raised to form radiating ridges; sutures slightly de
pressed, strongly curved, tending to be sigmoidal; septal 
bridges long, narrow numerous (0.3-1 x chamber width, 
10-20 in side view); umbilical area covered by a rounded 
boss protruding beyond the peripheral outline; boss some
times opaque and bearing 10-20 small pits and sometimes 
strongly raised and glassy with or without pits; aperture a 
row of pores at base of apertural face. Greatest diameter 
0.4-1.5 mm; width/thickness ratio \.5-2.5. 

REMARKS: Most Recent records of this species from the 
South-west Pacific appear to refer to a variant which bears 
a small but prominent glassy boss which lacks a pitted 
surface (e.g. Cushman 1933; Albani 1968a, b; Collins 
1974). We also have encountered this variant in our sam
ples from eastern and southern Australia and the tropical 
Pacific. Recent and fossil New Zealand and some Aus
tralian specimens however bear closer resemblance to typi
cal forms (based on examination oftopotypic material from 
Rimini, Italy) by having a broad pitted boss of low relief. 
Recent specimens from off northern New Zealand differ 
slightly from typical forms by having a more compressed 
test, more flattened septal bridges and radial ridges and a 
white opaque test and boss. 

In New Zealand small specimens of E. crispum crispum 
are similar to E. charlottense in profile but are readily dis
tinguished by more numerous chambers and more curved 
sutures. E. crispum crispum is distinguished from 
E. macellum by its distinctive boss, and from E. 
craticulatum by its less inflated, rhomboidal profile and 
generally smaller boss. 



TYPE LOCALITY: Italy, Rimini Beach, Recent. 

TYPE SPECIMENS SEEN: Numerous topotypes. 

PRESENT-DAY GEOGRAPHIC DISTRIBUTION (Figs 17, 22): 
E. crispum crispum occurs in many parts of the tropical 
and subtropical Indo-Pacific and Mediterranean. It is 
known from a few nearshore samples from islands off the 
east coast of northem New Zealand (Rimariki, Mokohinau, 
Great Barrier and Cuvier Islands). In the South-west Pa
cific it occurs in New Caledonia, Tonga, Fiji, Vanuatu, 
Solomon Islands, Lord Howe Island, Kermadec Islands 
and the Queensland, New South Wales, Victoria, South 
Australia and Tasmania coasts of Australia. 

ECOLOGIC DISTRIBUTION: E. crispum crispum is one of the 
most common species of Elphidium along the east coast 
of Australia and around some of the South-west Pacific 
islands. It is abundant in sandy, shallow subtidal (0-20 m) 
environments of normal marine salinity. Associated fau
nas are dominated by combinations of Reophax, Textularia, 
Spiroloculina, Quinqueloculina, Triloculina, Peneroplis, 
Operculina, Elphidium, Discorbis, Bolivina, Ammonia and 
Cibicides. 

NEW ZEALAND PALEOGEOGRAPHIC DISTRIBUTION (Fig. 35): 
E. crispum crispum occurs throughout New Zealand from 
the latest Eocene to the early Pliocene. It is unknown from 
the South Island above the early Pliocene, although it does 
occur in the late Pliocene of the Chatham Islands. It oc
curs throughout most of the Pliocene and Pleistocene in 
various parts of the North Island, but had become restricted 
to northeastern New Zealand by the Recent. 

NEW ZEALAND STRATIGRAPHIC DISTRIBUTION: Late Eocene 
(Runangan) to Recent. Specimens in the late Eocene are 
mostly small individuals, but in all later periods except 
the Quaternary, they occur in a range of sizes, frequently 
growing quite large. 

NEW ZEALAND PALEOECOLOGIC DISTRIBUTION: E. crispum 
crispum is the most common and abundant Elphidium in 
the New Zealand Oligocene and Miocene fossil record. It 
occasionally is the single dominant species (70-90%) in 
faunas (e.g. RIlIfS-1 0), with 0% planktics. These assem
blages are interpreted to have lived in a moderately shel
tered, mid tidal to subtidal (c. 0-2 m depth) beach 
(Hayward & Brook 1994). E. crispum crispum is com
monly one of the codominant species (5-20% relative 
abundance) in faunas (e.g. Rll/f2l, M341f7038, I381f7607, 
F45/fl26) with 0-10% planktics. Other codominant 
benthic species include various combinations of 
Gaudryina, Textularia, Quinqueloculina, Amphistegina, 
Buliminella, Cibicides, Cribrorotalia, Discorbis, 
Gyroidina allani, Melonl's maorica, Notorotalia, Pi/eo/ina 
and Sherbornina that are typical inner shelf, high to mod
erate energy assemblages. 

E. crispum crispum also occurs in lower abundances in 

faunas (e.g. Y141f7506, V20/fS580, S27/fS587, J411fS498, 
D45/fS624) with 10-50% planktics, dominated by the 
benthics Haeuslerella, Anomalinoides, Bolivina, Cibicides, 
Gyroidina, Lenticulina, Nonionella, Notorotalia and 
Uvigerina, that are inferred to be mid or outer shelf as
semblages (Hayward 1986). 

It appears that E. crispum crispum has always lived in 
normal marine salinity, with its greatest abundances on 
moderately sheltered low tidal and subtidal beaches. It was 
also abundant in a variety of high and moderate energy 
environments at inner shelf depths (c. 0-30 m) but prob
ably lived in fewer numbers out into mid and possibly outer 
shelf depths (c. 50-200 m) although some of these occur
rences are undoubtedly due to post-mortem transport. 

Elphidium crispum waiwiriense Hayward n.ssp. 
PI. I, Fig. 13; PI. 8, Figs 10-13 

Elphidium ornatissimum (Karrer). HORNIBROOK & 
SCHOFIELD 1963, p.47. 

DESCRIPTION: Test large to extremely large; outline circu
lar; profile strongly compressed and biconvex; periphery 
acutely angled (20-30°) with strong, narrow keel; 20--40 
chambers in final whorl; chambers not inflated but some
times with anterior part of each chamber slightly raised; 
sutures slightly depressed, curved, tending to be sigmoidal; 
15-30 narrow, septal bridges (0.3-0.6 x chamber width) 
separated by small sutural pits; in the largest adult shells, 
sutures sometimes develop a double row of pits, near the 
periphery on the latter chambers (PI. I, Fig. 13); umbili
cus completely filled with a strongly raised rounded boss 
with several pits; in the largest adults, this boss may be 
partly buried by the inner ends of chambers in the last 
whorl. Greatest diameter 0.8-2.5 mm; widthlthickness 
ratio 2.8--4.0. 

REMARKS: Juvenile E. crispum waiwiriense, with diam
eters less than I mm are very similar to E. c. crispum, 
differing mostly in the more strongly compressed test with 
a more acute periphery (20-30

0 

compared with 40-50} 
Adults of E. crispum waiwiriense grow larger than the 
nominate subspecies, are flattened and may develop a 
double row of pits at the peripheral ends of later sutures. 

TYPE LOCALITY: New Zealand, South Auckland, Waiwiri 
Beach, Tipakuri Sandstone Formation, Otangaroa Mem
ber (Hayward & Brook 1984, p.116), R 13/f57, early 
Miocene (Otaian). 

HOLOTYPE: TF 165211. 

PARATYPES: 2 figured paratypes from R 13/f57 (TF 16521 
2,3),9 paratypes from R 13/f6551, Waiwiri Beach (TF16521 
4); 5 paratypes from R 13/f55, Waiwiri Beach 
(USNM487678). 

PALEOGEOGRAPHIC DISTRIBUTION (Fig. 35): E. crispum 
waiwiriense is only known from New Zealand, where it 
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occurs in a number of samples at the type locality in South 
Auckland and one sample in Southland. 

NEW ZEALAND STRATIGRAPHIC DISTRIBUTION: Only known 
from the early Miocene (Otaian and possibly the 
Waitakian). 

NEW ZEALAND PALEOECOLOGIC DISTRIBUTION: E. crispum 
waiwiriense is codominant with Elphidium kanoum, 
Haplophragmoides and Bulimina pupula in faunas from 
the type locality at Waiwiri Beach (e.g. RI3/f55, f57, f59, 
f6551). These are low diversity faunas, lacking planktics 
and containing many reworked foraminifera eroded from 
the soft underlying calcareous siltstone. They are typical 
of a moderately sheltered beach or shallow subtidal (0-3 
m) sand environment (Hayward 1986). In the Southland 
sample (F46/f43) E. crispum waiwiriense is rare and the 
fauna contains c. 25% planktics and a deep inner to mid 
shelf(30-100 m) benthic assemblage. 

It appears that E. crispum waiwiriense lived in normal 
marine salinity, with its greatest abundances on moder
ately sheltered low tidal and subtidal beaches. 

ETYMOLOGY: From the type locality at Waiwiri Beach. 

Elphidium excavatum (Terquem) 

Polystomella excavata TERQUEM 1875, p.25, p1.2, fig.2a-f. 
Elphidium excavatum (Terquem). FEYLING-HANSSEN 1972, 

p. 339-344, pI. \-6; MILLER e/ al. 1982, p. 124-139, pI. \-6 
(in part); BUZAS et at. 1985, p.1 083, fig.6.7-6.1O,7.1, 7.2. 

DESCRIPTION: Test involute, evenly rounded to lobulate; 
periphery broadly rounded to sub-acute, no keel; 7-15 
moderately inflated chambers; sutures depressed to flush, 
moderately curved, crossed by 1-10 septal bridges on each 
side; papillae ornament sutural pits, umbilicus and base of 
apertural face; umbilicus depressed or filled with one or 
more bosses; aperture a series of pores at base of apertural 
face. 

REMARKS: This name is applied to forms which have a 
broadly rounded unkeeled periphery, usually fewer than 
12 chambers in the final whorl and papillae covering sides 
of sutural pits, umbilical area and base of apertural face. 
This species is more tightly involute than E. oceanicum 
and less inflated than E. saginatum. 

STRATIGRAPHIC DISTRIBUTION: E. excavatum is recorded 
from late Pliocene to Recent worldwide (Miller et af. 
1982), with the earliest known occurrences in the Miocene 
of eastern North America (M.A. Buzas pers.comm.) and 
early Miocene of New Zealand (this study). 

NEW ZEALAND STRATIGRAPHIC DISTRIBUTION: Early Miocene 
to Recent. 
E. excava/um clava/urn early Miocene to Recent 
E. excava/um excavatum Pliocene to Recent 
E. excava/um williamsoni Pleistocene to Recent 
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CONSTITUENT RECENT SOUTH-WEST PACIFIC SUBSPECIES: 
E. excava/um clavatum Australia, New Zealand, SW Pacific is

lands 
E. excavatum excavatum Australia, New Zealand, SW Pacific 

islands 
E. excavatum oirgi New Zealand 
E. excavatum sydneyense Australia 
E. excavatum williamsoni Australia, New Zealand, SW Pacific 

islands 

ETYMOLOGY: Presumably named for its excavated sutures. 

Elphidium excavatum clavatum Cushman 
PI. 8, Figs 14-17; PI. 9, Figs 1-8 

Elphidium incertum (Williamson) var. clavatum Cushman 1930, 
p.20, p1.7, fig.lOa-b; CUSHMAN 1939, p.57, p1.\6, fig. 1-2. 

Elphidium clavatum Cushman. LOEBLICH & TAPPAN 1953, 
p.98, p1.\9, fig.8-1O. 

Elphidium excavatum (Terquem) forma clava/urn Cushman. 
HAYWARD & HOLLIS 1994, p1.5, fig.6-8. 

Elphidium excavatum (Terquem). PALMIERI 1976a, p.372; 
BUZASe/at. 1985, p.1083, figs.6.7,6.8; HAYWARD 1993, 
figs.3m-n; HAYWARD & TRIGGS 1994, p1.2, fig.IO; 
HAYWARD & GRENFELL 1994, fig.19; HAYWARD et al. 
1996, p1.2, figs.8-9. 

Elphidium ar/icula/um (d'Orbigny). APTHORPE 1980, p.225, 
p\.28, figs.6,7. 

Elphidium incer/um (Williamson). COLLEN 1973, p.113, pl.Y, 
figs.8, II; COLLEN 1995, p\,I 0, fig. II. 

Cribroelphidium incer/um (Williamson). COLLEN 1983, 
p.19,28,32. 

Cribrononion sydneyensis Albani. YASSINI & JONES 1986, 
p1.7, figs.9-11; YASSINI & JONES 1988, p.263, fig.16, 
nos.9-11; YASSINI & JONES 1995, p.179, figs.l046-
47,1054,1073, I 076-7. 

Cribrononion sp. YASSINI & JONES 1995, p.180, figs.l048-
9. 

Cribrononion illawaraensis ALBAN! & YASSINI 1993, p.19, 
figs.24-25. 

DESCRIPTION: Test small to medium-sized, evenly rounded 
to slightly lobulate in outline; periphery broadly rounded 
to sub-acute, sides parallel in profile; 10-14 slightly in
flated chambers in final whorl; sutures slightly depressed 
to flush, moderately curved; sutural pits circular or ellipti
cal (elongate radially) with scattered papillae; septal 
bridges moderately short, wide, few (4-6); umbilicus flush 
to slightly raised with an imperforate collar, usually with a 
small central boss. Greatest diameter 0.2-0.4 mm; width! 
thickness ratio 2.5-3.0. 

REMARKS: E. excavatum clavatum is distinguished from 
other subspecies by the intermediate length of the septal 
bridges, its umbilical collar and small umbonal boss. An 
imperforate umbilical collar is sometimes absent from New 
Zealand early Miocene specimens. Scanning electron mi
croscope examination of a suite of specimens from Lake 
Illawara (e.g. PI. 9, Figs 6-8) indicate that Cribrononion 
illawaraensis is a junior synonym of E. excavatum 
clavatum. The holotype of C illawaraense (Albani and 
Yassini 1993, figs 24-25) has a large flat boss and no col
lar and appears to be an unusual juvenile form. 



TYPE LOCALITY: United States, Maine, Frenchmans Bay, 
Recent. 

TYPE SPECIMEN SEEN: Holotype (CCI0403). 

PRESENT-DAY GEOGRAPHIC DISTRIBUTION (Figs 17, 23): 
E. excavatum clavatum occurs throughout New Zealand 
and in eastern Australia (Palmieri 1976a, Cann & de 
Deckker 1981). It has also been recorded from the Solo
mon Islands and Vanuatu and is widely distributed in po
lar and temperate waters in the Northern Hemisphere 
(Feyling-Hanssen 1972; Miller et at. 1982). 

ECOLOGIC DISTRlBUTlON: Restricted to brackish or marginal 
marine environments in New Zealand, Australia and the 
South-west Pacific islands, but apparently tolerant of nor
mal marine salinities in high to intermediate latitudes in 
the Northern Hemisphere. E. excavatum clavatum is the 
dominant subspecies in the middle parts of New Zealand 
estuaries and enclosed inlets, especially in intertidal asso
ciations dominated by Ammonia or Elphidium excavatum 
(Hayward & Hollis 1994). It lives in similar intertidal or 
shallow subtidal, middle sections of estuaries or brackish 
lagoons in eastern Australia. 

NEW ZEALAND PALEOGEOGRAPHIC DISTRIBUTION (Fig. 33): 
E. excavatum clavatum occurs in the Miocene of both main 
islands, but is only known from the North Island in Pliocene 
and Pleistocene rocks. 

NEW ZEALAND STRATIGRAPHIC DISTRIBUTION: E. excavatum 
clavatum is known from a number of records from early 
Miocene to Recent in New Zealand (Otaian onwards). 

NEW ZEALAND PALEOECOLOGIC DISTRIBUTION: Early Miocene 
E. excavatum clavatum makes up no more than 1-2% of 
faunas with 5-20 % planktics. The benthic assemblages 
(e.g. M341f7038, 141/f8498, D45/f8487) are dominated 
by varying combinations of Gaudryina, Haeuslerella, 
Quinqueloculina, Anomalinoides, Cibicides, 
Cribrorotalia, Florilus, Nonionella, Notorotalia spinosa 
and Virgulopsis indicative of normal marine salinity at a 
range of inner to mid shelf depths (c. 0-100 m). 

Pliocene and Pleistocene occurrences of E. excavatum 
clavatum are in faunas (e.g. V20/f8580, S27/f8587) with 
benthic assemblages dominated by combinations of 
QUinqueloculina, Bolivina, Bolivinita, Elphidium spp., 
Notorotal ia and Uvigerina typical of sheltered deep inner 
or mid shelf depths (c. 30-100 m). 

Whereas modern E. excavatum clavatum in New Zealand 
predominantly occurs in sheltered, slightly brackish envi
ronments, all its known fossil occurrences are in normal 
marine, inner and mid shelf assemblages. Since brackish 
foraminiferal assemblages are virtually unknown from the 
Neogene of New Zealand, it is possible that E. excavatum 
s.1. existed in great abundances in these environments in 
the past, just as it does today. 

ETYMOLOGY: From "clavate", means studded with nails or 
knobs, apparently referring to the umbonal boss. 

Elphidium excavatum exca~atum (Terquem) 
PI. 1, Figs 3,12; PI. 9, Figs 9-18 

Polystomella excavata TERQUEM 1875, p.25, p1.2, fig.2a-f. 
Elphidium cf. lidoense Cushman. HULME 1964, p.337. 
Elphidium cf. selseyense (Heron-Allen & Earland). HULME 

1964, p.338. 
Elphidium selseyense (Heron-Allen & Earland). COLLINS 1974, 

p.4l. 
Elphidium sp. MURRAY 1968, p.94, pI. I, fig.4; MURRAY 1971, 

p.167, p1.70, fig. 1-7. 
Elphidium excavatum (Terquem). MURRAY 1971, p.1 59, p1.66, 

fig.I-7; LEVY et at. 1975, p.176, p1.3, fig.5,6; 
BOLTOVSKOY et al. 1980, p.29, p1.13, fig.8-11. 

Nonion depressulum (Walker & Jacob). APTHORPE 1980 (in 
part), p1.27, fig.12. 

Cribroelphidium poeyanum (d'Orbigny). APTHORPE 1980, 
p.225, pl.28, figs.3,8. 

Elphidium excavatum (Terquem) forma excavatum (Terquem). 
HAYWARD & HOLLIS 1994, p1.5, fig.I-5; HOLLIS et at. 
1996. fig.3m. 

Elphidium sp, aff, articulatum (d'Orbigny), PARR, 1945. p,216, 
pl.1l, fig.9, 

DESCRIPTION: Test small to medium-sized, evenly rounded 
to lobulate; periphery broadly rounded, sides parallel-sided 
in profile; 7-10 moderately inflated chambers in final 
whorl; sutures depressed, slightly to moderately curved; 
septal bridges thin, few (1-5), short and irregularly dis
posed; sutural pits narrow radial slits lined with fine pa
pillae; umbilical area slightly depressed and covered with 
fine papillae, forming a star shape, Greatest diameter 0.2-
0.35 mm; width/thickness ratio 2-2.5. 

REMARKS: E. excavatum excavatum is distinguished from 
other subspecies by its short, irregular septal bridges and 
depressed star-shaped umbilicus lined with papillae. 

TYPE LOCALITY: France, Atlantic coast, Recent. 

PRESENT-DAY GEOGRAPHIC DISTRIBUTION (Figs 17, 23): 
E. excavatum excavatum occurs throughout New Zealand 
(Hayward & Hollis, 1994) and in southern and eastern 
Australia (Apthorpe 1980; Cann & de Deckker 1981), the 
Cook and Fiji Islands. It is common in high and interme
diate latitudes in the Northern Hemisphere (Feyling
Hanssen 1972; Miller et at. 1982) and the south-west 
Atlantic (Boltovskoy et at. 1980), 

ECOLOGIC DISTRIBUTION: Restricted to brackish or marginal 
marine environments in New Zealand, Australia and the 
SW Pacific islands. E. excavatum excavatum is the domi
nant subspecies in the more brackish parts of New Zea
land estuaries and enclosed inlets in intertidal associations 
dominated by Haplophragmoides or Miliammina 
(Hayward & Hollis 1994), It is also common together 
with E excavatum clavatum in intertidal associations domi
nated by Ammonia and Miliammina or Elphidium 
excavatum (Hayward & Hollis 1994). It is a common or 
subdominant member of associations in the middle parts 
of estuaries or brackish lagoons in Australia and the 
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tropical islands (e.g. Apthorpe 1980) together with 
E. excavatum c1avatum, Ammonia and Eggerella. 

NEW ZEALAND PALEOGEOGRAPHIC DISTRIBUTION (Fig. 33): In 
the fossil record, E. excavalum excavatum is currently only 
known from Hawkes Bay, but undoubtedly was much more 
widespread in brackish environments that are rarely pre
served. 

NEW ZEALAND STRATIGRAPHIC DISTRIBUTION: Two fossil oc
currences are known from the Pliocene (Opoitian). 

Elphidium excavatum oirgi Hayward n.ssp. 
PI. 10, Figs 1-8 

Polystomella milletti (Heron-Allen & Earland). CUSHMAN 
1919, p.633. 

Polystomella slrialopllnclata (Fichtel & Moll). HERON-ALLEN 
& EARLAND 1922, p.229 (part). 

Elphidillm oceanicum Cushman. HOSKINS 1978, p.274. p1.5. 
tigs.4-5: BROOK et al. 1981, p.90: HAYWARD 1981, p.132. 
fig.3c: HAYWARD 1982a, fig.5b. 

Elphidium aff. oceanicllnl Cushman. HAYWARD et al. 1984. 
p.162: HAYWARD 1990b. p.96. 

Elphidiunl excavatllnl n.r HAYWARD & GRENFELL 1994. 
p.267. 

DESCRIPTION: Test small to medium-sized, evenly rounded 
to lobulate; inflated with rounded periphery; 10-13 cham
bers in final whorl (average II); sutures flush to slightly 
depressed, straight to slightly curved; sutural pits rectan
gular, elongate parallel to peripheral margin; septal bridges 
elongate, narrow, very regularly disposed, numerous (6-
9); umbilicus flush to slightly depressed, may bear one or 
more irregular bosses. Wall thick, glassy. Greatest diam
eter 0.2-0.4 mm; width/thickness ratio 1.9-2.2. 

REMARKS: This distinctive subspecies is provisionally in
cluded within the E. excavatum complex because of close 
similarities between it and E. excavatum williamsoni. In 
general, E. excavatum oirgi is distinguished by its glassy 
appearance, inflated test, fewer chambers and less curved 
sutures. However, in areas where the two subspecies co
occur (e.g. entrance to Parengarenga Harbour and Cooks 
Beach, Coromandel) separation between them is some
what arbitrary. E. oceanicum differs from E. excavatum 
oirgi by having a more compressed test with a thin semi
transparent wall, lobulate chambers and a wide, depressed, 
finely tuberculate umbilical area. 

This subspecies may be identical to a form from South
west Atlantic which Boltovskoy et al. (1980) referred to 
E. articulatum d'Orbigny. However, the name cannot be 
applied with confidence although d'Orbigny described the 
species from the same area (Patagonian coast and Falk
lands). D'Orbigny's types are lost and the concept of the 
species has become confused and the name has been sub
sequently applied to several distinct forms within the 
E. excavatum group (see discussion in Haynes 1973, 
p.245). 
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TYPE LOCALITY: New Zealand, Northland, Cavalli Islands, 
1.5 m, (F20 1739, stn. 28 of Hayward 1982a), Recent. 

HOLOTYPE: TFI6531I 

PARATYPES: 9 paratypes (TF 1653/5), 10 paratypes 
(USNM487679), 10 paratypes (AK74002) all from type 
locality; 1 paratype (TFI653/3) from Northland, Cavalli 
Islands, 7 m (F20 1742), stn. 31 of Hayward 1982a; 2 
paratypes (TFI753/2,4) from Northland, Tutukaka Har
bour,3 m (F201841), stn. 24 of Brook el al. (1981). 

PRESENT-DAY GEOGRAPHIC DISTRIBlITION (Figs 17, 23): This 
subspecies appears to be endemic to New Zealand and is 
restricted to the north-eastern North Island (North Cape 
to Bay of Plenty, and off-lying islands). 

ECOLOGIC DISTRIBUTION: Appears to be restricted to areas 
of normal marine salinity and to depths less than 10m. 
Most common in nearshore sands in sheltered bays, rare 
in more exposed locations. 

ETYMOLOGY: Named after the Offshire Islands Research 
Group (OIRG), on whose trips BWH has undertaken con
siderable fieldwork on Recent foraminifera. 

Elphidium excavatum sydneyense (Alban i) 
PI. 10, Figs 9-10 

Cribrononion sydneyensis ALBANI 1978, p.387, figs.9I-K,M,N; 
ALBANI & YASSINI 1993, p.21, figs.30-33. 

DESCRIPTION: Test small, with circular outline; moderately 
inflated with flat, parallel sides; periphery broadly 
rounded, unkeeled; coiling slightly asymmetric in the last 
formed adult chambers, becoming evolute on one side and 
partly involute on the other; 12-14 non-inflated chambers 
in final whorl; sutures flush to slightly depressed, slightly 
curved back towards the periphery; sutural pits small; 4-6 
moderately short, wide, flat septal bridges span each su
ture; umbilicus flush on both sides, filled with a distinct 
boss on the evolute side; coarse papillae ornament apertural 
face and adjacent periphery, and extend into depressions 
around umbonal boss; finely perforate wall. Greatest di
ameter 0.2-0.3 mm; width/thickness ratio 2.2-2.6. 

REMARKS: This subspecies is most similar to E. excavatum 
c1avatum but differs from it and all others by its slight 
asymmetry. 

TYPE LOCALITY: Australia, New South Wales, Broken Bay, 
9 m depth, (station 152 of Albani 1978), Recent. 

PRESENT-DAY GEOGRAPHIC DISTRIBUTION (Fig. 17): This sub
species is only known from the coast of New South Wales, 
Australia, where it has been recorded from Broken Bay 
and near Wollongong, to the north and south of Sydney 
(Albani & Yassini 1993). 



ECOLOGIC DISTRIBUTION: E. excavatum sydneyense appears 
to live in areas ofnonnal or near nonnal marine salinity, at 
shallow depths less than 20 m. 

ETYMOLOGY: From the type locality, Broken Bay, which is 
near the Australian city of Sydney. 

Elphidium excavatum williamsoni Haynes 
PI. 10, Figs 11-18 

Elphidium williamsoniHAYNES 1973, p.207, p1.24, fig.7, pl.25, 
fig.6,9, p1.27, fig.I-3. BUZAS et al. 1985, p.1087, fig.8.3, 
8.6. 

Elphidium excavatum (Terquem). CUSHMAN 1939 (in part), 
p.58, p1.16, fig. 1 0-12; TODD & LOW 1961, p.19, p1.2, fig.5. 

Elphidium aff. bosoense (Fujita). HULME 1964, p.338. 
Elphidium articulatum (d'Orbigny). MURRAY 1971, p.153, 

p1.63, fig.I-7; BOLTOVSKOY et al. 1980, p.29, p1.13, fig. 1-
4. 

Elphidium sp. aff. articulatum (d 'Orbigny). PARR 1945, p.216, 
pl.\ L figs.9a-b. 

Elphidium articulatum multicameratum COLLINS 1974, p.43, 
pl.3, figs.31 a-b. 

Elphidium gunteri carioense COLLINS 1974, p. 44, p1.3, 
figs.34a-b. 

Cribrononion umbilicatulum (Williamson). SCOTI & MEDIOLI 
1980, p.40, p1.5, fig.4. 

Elphidium excavatum (Terquem) forma williamsoni Haynes. 
HAYWARD & HOLLIS 1994, p1.5, fig.9-12. 

Elphidium argenteum Parr. TOPPING 1973, p.30, p1.9, figs.l-
3; ADAMS 1979, p.144 (part). 

DESCRIPTION: Test large for species, evenly rounded out
line, becoming lobulate in later part; periphery broadly 
rounded to sub-acute, sides parallel in profile; 11-17 mod
erately inflated chambers in final whorl; sutures flush to 
slightly depressed, moderately to strongly curved; sutural 
pits lozenge-shaped, elongate parallel to peripheral mar
gin; septal bridges long, evenly spaced, numerous (7-10); 
umbilicus slightly depressed to flush, filled with irregular 
ends of chambers. Greatest diameter 0.4-0.55 nun; widthl 
thickness ratio 2.1-2.5. 

REMARKS: E. excavatum williamsoni differs from other 
subspecies by its more numerous chambers and septal 
bridges, its longer septal bridges and lack of an umbonal 
boss. In general New Zealand specimens differ from those 
placed in synonymy above by having more strongly curved 
sutures and shorter septal bars in early chambers. We 
include large specimens from the Manukau Harbour which 
have a minimum of 15 narrow chambers in the final whorl, 
strongly curved sutures and 8-10 septal bridges which are 
as long as chamber width. E. bosoense, the species to 
which Hulme (1964) uncertainly referred this subspecies, 
is much smaller (diameter 0.35-0.45 mm) and has a thin
ner, more delicate wall (Fujita 1956). This subspecies is 
identical to the holotypes and topotypes of E. articulatum 
multicameratum and E. gunteri carioense which Collins 
(1974) described from Port Phillip, Victoria (PI. 10, Figs 
15-18). 

TYPE LOCALITY: Wales, Cardigan Bay, Dovey Marshes, 
Om, Recent. 

PRESENT-DAY GEOGRAPHIC DISTRIBUTION (Figs 18, 23): 
E. excavatum williamsoni occurs throughout New Zea
land, south-east Australia (Collins 1974, Apthorpe 1980), 
Norfolk Island and Fiji (herein). It is not known from the 
Pacific coast of North America but is common north of 
the Gulf of Mexico on the Atlantic coast (Todd & Low 
1961; Scott & Medioli 1980) and in the north-east Atlan
tic (Haynes 1973, and references therein). 

ECOLOGIC DISTRIBUTION: E. excavatum williamsoni occurs 
in New Zealand in the slightly brackish, middle and outer 
parts of estuaries and enclosed inlets. It is most common, 
sometimes together with E. excavatum c1avatum, in inter
tidal associations dominated by Ammonia and Elphidium 
excavatum (Hayward & Hollis 1994). In eastern Australia 
and Fiji this subspecies lives in the very slightly brackish 
outer parts of estuaries and enclosed bays in intertidal and 
shallow subtidal situations in faunas dominated by 
Ammotium, Elphidium, Ammonia, Quinqueloculina and 
Spiroloculina. 

NEW ZEALAND PALEOGEOGRAPHIC DISTRIBUTION (Fig. 33): In 
New Zealand, E. excavatum williamsoni is currently only 
known as a fossil from Hawkes Bay, North Island. 

NEW ZEALAND STRATIGRAPHIC DISTRIBUTION: E. excavatum 
williamsoni is only known from two localities in the early 
Pleistocene (Nukumaruan). 

NEW ZEALAND PALEOECOLOGIC DISTRIBUTION: E. excavatum 
williamsoni is uncommon (less than 2% of foraminifera) 
in the two fossil faunas (V20/f8582, V21/f8634) in which 
it has been found. The assemblages have 0-1 % planktics 
with benthics dominated by Notorotalia zealandica, 
Ammonia, Astrononion, Elphidium crispum crispum, 
E. charlottense and Quinqueloculina seminula - faunas 
typical of shallow inner shelf(0-20 m) and nonnal marine 
salinity. 

ETYMOLOGY: Named after early British foraminiferal 
micropaleontologist, W.e. Williamson. 

Elphidium fichtellianum (d' Orbigny) 
PI. 11, Figs 1-8 

Polyslomella fichlellianum D'ORBlGNY 1846, p.125, p1.6, 
figs.7,8. 

Elphidiumfichlellianum (d'Orbigny). CUSHMAN 1939, p.42, 
pl.ll, fig.12. 

Elphidium subplanalum CUSHMAN 1936, p.82, p1.14, 
figs. I I a,b; CUSHMAN ]939, p.42, pI. I] , fig.7. 

Polystomella macella (Fichtel & Moll) var. JENSEN 1904, p.817, 
p1.23, fig.4. 

Po~vslome!la jenseni CUSHMAN 1924, p.49, p1.l6, figs.4,6. 
Elphidium jenseni (Cushman). CUSHMAN 1939, p.62, p1.17, 

figs.]4,15; PARR 1950, p.372; ALBANI I 968a, p.lJ2, pLJ 0, 
fig.8: PALMIERI 1976a, p.372: HATTA & UJIIE 1992, 
p.203, pl.49, figs.6a,b. 
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Parrel/ina verriculata (Brady). LOEBLICH & TAPPAN 1994, 
p.170, p1.386, figs. I 1.1 2. 

DESCRIPTION: Test moderately large with an evenly rounded 
outline; profile strongly compressed with flat sides; pe
riphery subrounded with a strong, crisp, narrow keel; cham
bers numerous (16-20) in adult whorl, not inflated; strong 
reticulate ornament largely consisting of 7 to 10 narrow, 
elongate, septal bridges extending across each suture and 
most of each chamber; each septal bridge is posteriorly 
inflated, sometimes with partial development of a dis
jointed radial rib: sutures sl ightly depressed, strongly 
curved backwards towards both the periphery and the 
umbilical area; umbilical area wide and flat with umbili
cal ends of chambers covered in fine tubercles; apertural 
face ornamented with numerous fine papillae; wall finely 
perforate and glassy. Greatest diameter 0.4-0.7 mm; 
width/thickness ratio 3.5-4.5. 

REMARKS: Close comparison of the types of E jenseni 
(CC3323, CC3324, CC3325, CC 18895) from the Recent 
of Samoa, with 36 topotypes of Ejichtellianum (CC22611) 
from the Miocene of Austria and with the types of 
E subplanatum (CC23552, CC23553) from the Oligo
cene of Germany, show the three to be con specific. 
Ejichtellianum is easily distinguished from other strongly 
compressed species, by the extensive development oftu
bercles in the umbilical area and over the umbilical ends 
of chambers. It lacks the reticulate ornament in the um
bilical area of E novozealandicum and lacks the solid ra
dial ribs of E macellum. 

TYPE LOCALITY: Europe, Austria, Vienna Basin, Nussdorf, 
Miocene. 

TYPE SPECIMENS SEEN: Thirty-six topotypes (CC226 I I ). 

STRATIGRAPHIC DISTRIBUTION: E jichtellianum occurs 
throughout much of Europe and the tropical Indo-Pacific 
at various times from the Oligocene onwards. 

PRESENT-DAY GEOGRAPHIC DISTRIBUTION (Fig. 18): 
E jichteffianum occurs widely throughout the tropical 
western Pacific but not as far south as New Zealand. In 
this study we record it from the east coast of Australia, 
around Victoria and Tasmania (Parr 1950), and in the 
South-west Pacific from Vanuatu, Solomon Islands, Fiji, 
Samoa, Tonga and Norfolk Island. 

ECOLOGIC DISTRIBUTION: E jichtellianum appears to be a 
common species in normal marine salinity on moderately 
sheltered sandy beaches and at inner shelf depths, some
times reworked down to bathyal depths. It occurs in fau
nas dominated by combinations of E/phidium, 
Quinque/oculina, Peneroplis, Spiroloculina, Discorbis, 
Ammonia, Bacll/ogypsina and Amphistegina. 

ETYMOLOGY: Named after pioneer foraminiferal research 
micropaleontologist, L. von Fichtel. 
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Elphidiumfijiense Hayward n.sp. 
PI. 11, Figs 9-12 

DESCRIPTION: Test small to medium size; outline smoothly 
circular to slightly lobulate on the later chambers; profile 
biconvex; periphery acutely rounded with slightly thick
ened shell but no keel; 16-18 chambers in adult whorl; 6-
7 narrow septal bridges completely span the sutures, and 
do not become stronger on early parts of the whorl; su
tures depressed, very slightly curved back towards the 
periphery and lined with fine papillae; prominent, raised, 
subcircular or irregular, glassy boss with one or several 
prominent pits; test wall somewhat translucent and glassy. 
Greatest diameter 0.4-0.5 mm; width/thickness ratio 
1.8-2.2. 

REMARKS: This species is characterised by its raised, glassy 
boss, its rounded angular periphery and glassy test. It dif
fers from E excavatum group by its more sharply angled, 
acute periphery, its prominent raised boss and greater 
number of chambers per whorl. 

TYPE LOCALITY: Fij i: Suva, Suva Point, low tide (F202149), 
Recent. 

HOLOTYPE: TF 1654/ I 

PARATYPES: 9 paratypes (TF 1654/2-3) 12 paratypes 
(USNM487680), 5 paratypes (AK74000) from the type 
locality. 

PRESENT-DAY GEOGRAPHlC DISTRIBUTION (Fig. 18): This spe
cies is known from the tropical South-west Pacific island 
groups of Fiji, Lord Howe, Solomons and Tonga. 

ECOLOGIC DISTRIBUTION: This species lives intertidally and 
at shallow subtidal depths in normal or near-normaLma
rine salinity, in sheltered environments sometimes on 
beaches and sometimes in mud around mangrove roots. It 
occurs in greatest abundance in faunas dominated by 
Elphidillm and Ammonia. 

ETYMOLOGY: From the type locality in Fiji. 

Elphidium gunteri Cole 
PI. II, Figs 13-15 

E/phidium gunteri COLE 1931, p.34, pl.4, fig.9,10; HULME 
1964, p.337; POAG 1978, p.402, p1.2, fig.I-23; 
BOLTOVSKOY etal. 1980, p.30, p1.l3, fig.15-18; BUZAS 
eta!. 1985, p.1084, fig.7.4,7.5; HAYWARD & HOLLIS 1994, 
pl.4. fig.IO-12. 

Elphidium gunteri Cole var. waddensis VOORTHUYSEN 195 i, 
p.25. p1.2, fig. I 0,11. 

E/phidium oceanensis (d'Orbigny). MURRAY 1971, p.165, 
p1.69, fig.I-7; MURRAY 1979, p.52, fig.16a,c; APTHORPE 
1980, pU8, fig. I ,2. 

E/phidium waddensis (Voorthuysen). HAYNES 1973, p.206. 
p1.24, fig.4, \0, p1.26, fig. 1 , p1.28, fig. 1 0, 11. 

Cribroelphidium vadescens CUSHMAN & BRONNIMANN 
1948, p.18, pl.4, fig.5; ALBANI & YASSINI 1993, p.18, 



figs. 16-17, 19-20; YASSINI & JONES 1995, p.178, fig. I 043. 
Elphidium littorale LE CALVEZ & LE CALVEZ 1951, p.251, 

fig.5a,b. 

DESCRIPTION: Small inflated test, outline slightly to irregu
larly lobulate; profile inflated, parallel-sided; periphery 
broadly rounded; 8-15 chambers in final whorl; sutures 
depressed, straight to slightly curved; septal bridges ir
regular in number and degree of development; umbilicus 
may be slightly depressed or raised due to growth of ir
regular tubercles; papillae ornament sutural pits, umbili
cal depression and base of apertural face; chamber walls 
coarsely perforate and usually golden brown. Greatest 
diameter 0.2-0.4 mm; width/thickness ratio 1.8-2.1. 

REMARKS: Close study and comparison of the types of 
Cribroelphidium vadescens (CC56643, CC56749) and of 
Elphidium gunteri show these two species to be 
conspecific. New Zealand specimens are smaller than typi
cal E. gunteri, have fewer chambers in the final whorl, 
shorter and more rudimentary septal bridges and smaller 
umbilical tubercles. They compare well with E. gunteri 
f. salsa (Cushman & Bronnimann) of Poag (1978). 
E. gunteri is distinguished from E. excavatum complex 
by its coarsely perforate wall, irregularly lobulate outline 
and distinctive golden brown colour. It differs from the 
New Zealand endemic E. vellai by the presence ofumbili
cal tubercles and longer septal bridges. 

TYPE LOCALITY: United States, Florida, Caloosahatchee 
Marl, Pliocene. 

PRESENT-DAY GEOGRAPHIC DISTRIBUTION (Figs 18, 24): In 
New Zealand this species is common in Northland, with 
sporadic distribution south of Kawhia on the west coast 
and Napier on the east. We have not found it south of 
Nelson-Marlborough and northern Westland. E. gunteri 
occurs on the southeast coast of Australia (Apthorpe 1980, 
Albani & Yassini 1993), at mid to low latitudes on the 
Pacific and Atlantic coasts of North America (Culver & 
Buzas, 1981-1986), on the Atlantic coasts of South 
America and Africa (Boltovskoy et at. 1980; Debenay 
1990) and in the north-east Atlantic (Haynes 1973). North 
American records of the species support the warm-water 
preference indicated by its New Zealand distribution. 

ECOLOGIC DISTRIBUTION: In New Zealand, E. gunteri is re
stricted to brackish environments where it is most com
mon in muddy substrates in the middle and seaward parts 
of estuaries, in associations dominated by Miliammina and 
Ammonia, and in intertidal locations in the upper reaches 
of harbours and inlets in associations dominated by 
Haplophragmoides, Elphidium or Ammonia (Hayward & 
Hollis 1994). 

In Australia, E. gunteri is uncommon, having been recorded 
as codominant with Ammonia in shallow slightly brackish 
lagoons (Apthorpe 1980). 

ETYMOLOGY: Named after the micropaleontologist Dr 
Gunter. 

Elphidium hampdenense Finlay 
PI. I, Fig. II; PI. 11, Figs 16-19 

Elphidium hampdenensis FINLAY 1939, p.127, p1.12, figs.29,30; 
FINLAY 1940, p.457; HORNIBROOK 1968, p.49,51; 
WEBB 1970, fig. I ,table 3; HORNIBROOK et at. 1989, p.92, 
fig. 15 :30; KAIHO et al. 1993, p. 77, pl.4, figs.24-25, 29-30. 

Elphidium patagonicum TODD & KNIKER 1952, p.18, pl.3, 
figs.35a-b. 

DESCRIPTION: Test of medium size; outline smoothly cir
cular; moderately inflated profile with biconvex or paral
lel, flat sides; periphery acute with strong, bluntly rounded 
keel; 7-10 non-inflated chambers in adult whorl; sutures 
depressed strongly curved back towards the periphery; 
leading edge of each chamber bears a narrow, strong, 
curved, radial rib; 4-6 narrow, long septal bridges extend. 
forwards from each radial rib right across each chamber 
to form a strong reticulate ornament; umbilical area small 
and slightly depressed; fine papillae line pits and umbili
cal area, with larger papillae extending over lower half of 
apertural face. Greatest diameter 0.4-0.8 mm; widthlthick
ness ratio 2.3-2.7. 

REMARKS: E. hampdenense is characterised by its infla
tion, strong reticulate ornament with narrow ribs and 
bridges and small depressed umbilical area. It is most 
similar to the Oligocene-Miocene E. pseudoinflatum from 
which it differs by its broader, blunter keel, its shallow 
umbilicus and fine papillae, and in having consistent, re
ticulate ornament over the entire test. Examination ofthe 
types (CC64411, CC64412) of E. patagonicum show it to 
be conspecific with E. hampdenense. 

TYPE LOCALITY: New Zealand, Otago, Hampden Beach 
section (142/f8532), middle Eocene (Heretaungan). 

TYPE SPECIMENS SEEN: Holotype (TF I 080/1), I paratype 
(TF 1 080/2), 2 paratypes (USNM689058). 
PALEOGEOGRAPHIC DISTRIBUTION (Fig. 38): E. hampdenense 
occurs in the middle Eocene throughout New Zealand and 
also in South America (Todd & Kniker 1952). 

NEW ZEALAND STRATIGRAPHIC DISTRIBUTION: 
E. hampdenense has a restricted stratigraphic range in New 
Zealand of several million years within the middle Eocene. 
Its first appearance is in the middle of the Globorotalia 
crater crater zone and its last appearance approximates 
the first appearance of E. saginatum and disappearance of 
G. crater crater (Hornibrook et at. 1989). E. hampdenense 
is the index species for the Heretaungan stage. 

NEW ZEALAND PALEOECOLOGIC DISTRIBUTION: 
E. hampdenense does not dominate any fossil faunas but 
may occur in abundances up to 10% of the total benthic 
foraminifera. The type fauna in Otago is dominated by a 
combination of Ammodiscus, Haplophragmoides, 
Cyclammina, Stilostomella, Bulimina, Bathysiphon, 
Pullenia, Oridorsalis and Cibicides and includes deep 
bathyal restricted NUl/aI/ides and Pleurostomella. This 
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is inferred to be a mid bathyal assemblage. In Northland 
and the East Coast (e.g. Q08/f278, P05!fl15, V22/f8840) 
E. hampdenense occurs in similar deep bathyal faunas with 
common radiolaria and dominated by a combination of 
Nodosariidae, Ammodiscus, Cyclammina, Nuttallides, 
Stilostomella and UVigerina. In the Great South Basin 
(Raine et al. 1993), E. hampdenense occurs in a wider 
variety of foraminiferal assemblages - from mid to outer 
shelf depths (5~IO% planktics) dominated by Bulimina 
bortonica, Melonis maorica, Cib ic ides parki. Lenticulina, 
Cyclammina and Vaginulinopsis (drillholes Toroa-I, 
Pakaha-I) down to upper and mid bathyal depths, domi
nated by Vaginulinopsis, Gyroidina neosoldanii, 
Osangularia, Oridorsalis, Nuttallides and Anomalina 
visenda. E. hampdenense has not been found in assem
blages that are inferred to have lived shallower than 
about 50 m. 

It appears that E. hampdenense lived in normal marine 
salinity in a range of water depths extending from mid 
shelf to mid bathyal (c. 50~2000 m). 

ETYMOLOGY: From the type locality at Hampden Beach. 

Elpllidium hawkesburief1se (Albani) 
PI. 12, Figs 1-4 

Cribrononion hawkesbllriensis ALBANI 1974, p.38, pl.l, 
figs.12-14: ALBAN 1 & YASSINI 1993, p. 19, figs.22-23. 

DESCRIPTION: Test of small to medium size; outline circu
lar; profile moderately compressed with parallel or slightly 
convex sides; acutely rounded periphery with no keel; II ~ 
13 non-inflated chambers per adult whorl; radial ribs lack
ing; 8~ 12 short, broad, septal bridges span each suture, 
separated by small sutural pits; sutures narrow and slightly 
depressed, straight to slightly curved backwards towards 
the periphery, marked by a band of nearly opaque imper
forate shell; umbilical area filled with a flat circular boss 
surrounded by a narrow, depressed suture ornamented with 
small papillae; lower half of apertural face and periphery 
offirst two chambers of last whorl ornamented with small 
papillae; chamber walls finely perforate and translucent. 
Maximum diameter 0.35~0.5 mm; width/thickness ratio 
1.5~2.4. 

REMARKS: E. hawkesbllriense differs from E. afbanii by 
the papillate ornament around the apertural face and 
umbonal boss, and the presence of a discrete boss. 
E. hawkesburiense differs from E. advenum group by its 
less inflated chambers and lack of a keel; and from 
E. excavatum group by its acutely rounded periphery, lack 
of papillae in sutural pits and papillate apertural face. 

TYPE LOCALITY: Australia. New South Wales, Broken Bay, 
Hawkesbury River estuary, 10m, Recent. 

PRESENT-DAY GEOGRAPHIC DISTRIBUTION (Fig. 18): 
E. hawkesbllriense is known only from the east coast of 
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Australia. It is recorded in this study from New South 
Wales and Tasmania. Albani and Yassini (1993) also 
record it from Queensland. 

ECOLOGIC DISTRIBUTION: This species lives in slightly brack
ish outer parts of estuaries and shallow bays with normal 
marine salinity (Albani 1974, Albani & Yassini 1993). 

ETYMOLOGY: From the type locality, Hawkesbury River. 

Elphidium hispidulum Cushman 
PI.I,Fig. 14;PI.12,Figs5~7 

E/phidillm hispidli/lim CUSHMAN 1936, p.83, p1.l4, fig.13; 
CUSHMAN 1939, p.63, p1.l8, fig.2; COLLINS 1958, p.420; 
McCULLOCH 1977, p.221, p1.97, fig. 10. 

Cribrononion hispidli/lis (Cushman). PALMIERI 1976a, p.372; 
ALBANI 1978, p.387, figs.9C-D. 

Parrellina hispidll/a (Cushman). DEBENAY 1988, p.166; 
ALBANI & YASSINI 1993, p.31, figs.79-82; LOEBLICH 
& TAPPAN 1988, p1.793, figs.5-8; LOEBLICH & TAPPAN 
1994, p.170, p1.384, figs.5-7, pl.387, figs.I-3; YASSINI & 
JONES 1995, p.180, figs. I 066-8. 

E/phidillm reticli/oslim Cushman. LOEBLICH & TAPPAN 1994, 
p.169, pl.382, figs.I-5. 

DESCRIPTION: Test of medium to large size; slightly evolute; 
outline smoothly circular to very slightly lobulate in later 
part of whorl; profile biconvex with convex sides; periph
ery acutely rounded with no keel; 12~ 17 non-inflated cham
bers in adult whorl; ornament on last formed chambers 
consists of numerous, small, hispid papillae which 
strengthen on earlier chambers into an irregular series of 
concentric costae that in places join to form an 
anastomosing pattern; costae near periphery on early part 
of whorl unite to form a series of concentric ribs that com
pletely span a number of chambers; hispid papillae extend 
over strong costate ornament on early chambers adjacent 
to apertural area; sutures distinctly depressed and visible 
only in the later part of the adult whorl; sutures radial to 
slightly curved; umbilical area occupied by a number of 
strong, irregular bosses that may unite into a semicircular 
rib; apertural face ornamented with numerous fine, slightly 
hispid papillae; chamber walls coarsely perforate, where 
visible. Greatest diameter 0.6-0.8 mm; width/thickness 
ratio 1.6-2. 

REMARKS: This species is characterised by its hispid orna
ment that develops into strong concentric costae. It is dis
tinguished from Elphidium reticulosum and Elphidium 
sharkianum (from West Australia) by its more lenticular 
profile, more sharply rounded periphery, and strong 
umbonal bosses. 

TYPE LOCALITY: Australia, Queensland, Albany Passage, 
8-30 m, Recent. 

TYPE SPECIMENS SEEN: Holotype (CC23028), 2 paratypes 
(CC9874). 



PRESENT-DAY GEOGRAPHIC DISTRIBUTION (Fig. 18): 
E. hispidulum is known from the western Pacific 
(McCulloch 1977, Loeblich & Tappan 1988, 1994), and 
is recorded in this study and by Albani and Yassini (1993) 
from the coast of New South Wales and Queensland in 
Australia and from New Caledonia (Debenay, 1988) and 
the Solomon Islands. 

ECOLOGIC DISTRIBUTION: E. hispidulum Jives in inner shelf 
depths in normal marine salinity in faunas dominated by 
combinations of Textularia, Spiroloculina, 
Quinqueloculina, Triloculina, Elphidium, Peneroplis, 
Operculina and Discorbis. 

ETYMOLOGY: After the hispid ornament on the surface of 
chambers. 

Elphidium ingressans Dorreen 
PI. 12, Figs 8-10 

Elphidium ingressans DORREEN 1948, p.290. p1.37. 
figs. I Oa.1 Ob. 

DESCRIPTION: Test of medium size; circular outline to very 
slightly lobulate; strongly inflated rhomboidal profile; pe
riphery sharply acute with a strong, bluntly rounded keel; 
16-19 chambers in adult whorl; each chamber bears a nar
row, strongly raised, slightly curved radial rib extending 
unbroken from the umbilical area to the periphery; 4-8 
narrow, raised, septal bridges span each suture and link 
with the radial ribs forming a fine, reticulate pattern of 
ornament; on the early part of the whorl, nodules form at 
the junctions of the septal bridges with the radial ribs pro
ducing a spiky appearance; sutures deeply depressed, 
slightly curved back towards the periphery; narrow, raised, 
irregular umbonal boss composed of coalescing ribs; wall 
finely perforate. Greatest diameter 0.4-0.6 mm; width! 
thickness ratio 1.3-1.6. 

REMARKS: This is a distinctive species, characterised by 
its strong inflation, rhomboidal profile, and unique, spiky, 
reticulate ornament. It is most similar to the more com
pressed Elphidium wadeae and E. kanoum, from which it 
differs in its stronger radial ribs, spiky reticulate orna
ment and stronger inflation. 

TYPE LOCALITY: New Zealand, West Coast, Greymouth, 
Ethel Creek, Omotumotu Formation (J32!f7848), late 
Eocene (Runangan). 

TYPE SPECIMENS SEEN: Holotype (CC64 I 52); 4 paratypes 
(USNM688473). 

NEW ZEALAND PALEOGEOGRAPHIC DISTRIBUTION (Fig. 39): A 
rare species only known from West Coast, New Zealand. 

NEW ZEALAND STRATIGRAPHIC DISTRIBUTION: Late Eocene 
to possibly earliest Oligocene (Runangan to ?early 
Whaingaroan). 

NEW ZEALAND PALEOECOLOGIC PISTRIBUTION: E. ingressans 
is a rare species. The type assemblage from Westland has 
c. 1 % planktics and is dominated by Gaudryina, 
Asterigerina, Quinqueloculina, Reusella, Buliminella, 
Melonis, Cribrorotalia and Cibicides vortex. This assem
blage is typical of normal salinity conditions at inner shelf 
depths (c. 0-50 m). 

ETYMOLOGY: Presumably named from the Latin "ingressio" 
meaning an entering or opening. 

Elphidium kanoum Hayward 
PI. 12, Figs-II-16 

Elphidium kanoum Hayward in HAYWARD & BUZAS 1979, 
p.S3, p1.l3, figs. 169, 170. pl.lS. figs. 183, 184; HAYWARD 
& BROOK 1994, fig.3.16. 

DESCRIPTION: Test medium to large size; outline smoothly 
rounded; profile biconvex, sometimes compressed and flat
tened; periphery acute, sharp to slightly rounded with 
strong, broadly rounded keel; 18-25 chambers in adult 
whorl; 7-10 strong, raised, septal bridges span each su
ture and the full width of each chamber, producing strong 
circular ornament near the periphery; septal bridges short 
and tubercular near the umbilicus; distal ends of many 
septal bridges are slightly inflated giving the impression 
of irregular, beaded radial ribs in parts; sutures depressed, 
radial and curved slightly back towards periphery; um
bilicus filled with a raised, glassy, irregularly tuberculate 
boss; wall finely perforate. Greatest diameter 0.6-1.0 mm; 
width!thickness ratio 2.5-3.5. 

REMARKS: E. kanoum closely resembles E. wadeae, from 
which it can be distinguished by its raised, glassy boss 
rather than small, discrete, umbilical tubercles. Com
pressed specimens of E. kanoum resemble E. aculeatum 
subrotatum but lack the peripheral spines and more regu
lar glassy boss of that species. 

TYPE LOCALITY: New Zealand, Northland, Pakaurangi 
Point, Q08!f9457, Pakaurangi Formation, early Miocene 
(Alton ian). 

TYPE SPECIMENS SEEN: Holotype (TFI5801l), 18 paratypes 
(TFI580!2-3, F84a-d in University of Auckland, 
USNM243360, USNM243361). 

NEW ZEALAND PALEOGEOGRAPHIC DISTRIBUTION (Fig. 39): 
E. kanoum appears to be restricted to New Zealand, first 
appearing in the late Oligocene of Northland, but quickly 
spreading throughout the country. 

NEW ZEALAND STRATIGRAPHIC DISTRIBUTION: Late Oligocene 
(Duntroonian) to middle Miocene (Lillburnian). 

NEW ZEALAND PALEOECOLOGIC DISTRIBUTION: E. kanoum is 
widespread in New Zealand and occurs in abundances up 
to about 15% of some benthic foraminiferal assemblages. 
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Where it occurs in greatest abundance (e.g. Waiheke Is
land, R 11/f8, f9), there are no planktics and the benthic 
fauna is dominated by E. crispum crispum (c. 80 %). These 
assemblages are interpreted to have lived in a moderately 
sheltered, mid tidal to subtidal (c. 0-2 m depth) beach 
(Hayward & Brook 1994). Elsewhere (e.g. N021f7554, 
138/f7628, M341f7038, D45/f8487), E. kanoum occurs in 
relative abundances up to 5 % and is associated with di
verse faunas dominated by combinations of Gaudryina, 
Texlularia, Quinqueloculina, Amphislegina, 
Anomalinoides, Bolivina, Buliminella, Cibicides, 
Cribrorotalia, Florilus. Nolorolalia spinosa and 
Virgulopsis that are typical of moderately sheltered inner 
shelf depths (c. 0-50 m, Hayward 1986). E. kanoum also 
occurs in low abundance in other faunal associations (e.g. 
RI4/f6573, D45/f8477) dominated by Haeuslerella, 
Anomalinoides, Bolivina, Cibicides, Ehrenbergina, 
Gyroidina, Lenticulina, Pullenia, Trifarina and Uvigerina 
that are inferred to have lived at mid to outer shelf depths 
(c. 50-200 m). 

It appears that E. kanoum lived in normal marine salinity 
with its greatest abundances close to low tide level on 
moderately sheltered beaches, but also lived in lower num
bers elsewhere at inner shelf depths. It is not possible to 
determine whether the occurrences in mid to outer shelf 
depths indicate that E. kanoum lived at these greater depths 
or whether arrived there by post-mortem transport. 

ETYMOLOGY: From the New Zealand Maori "kano" mean
ing seed for the inflated lenticular seed shape of the shell. 

Elphidium lelle Cushman & McCulloch 
PI. 13, Figs 1-8 

Elphidium incerlum (Williamson) var. lene CUSHMAN & 
McCULLOCH, '940, p.170. p1.19. figs.2A. 

Cribroelphidium poeyanum (d·Orbigny). ALBAN! 1981, p.IS9; 
ALBANI & YASSINI 1993. p.17. figs. 12-15; YASSINI & 
JONES 1995. p. 178, figs. I 074-S. 

DESCRIPTION: Test of small to medium size; outline circu
lar to very slightly lobulate; profile strongly compressed 
with parallel or slightly concave sides; broadly rounded 
periphery with no keel; 9-10 slightly inflated chambers 
per adult whorl; radial ribs lacking; 6-10 short, septal 
bridges span each suture; sutures depressed, straight to 
slightly curved backwards towards the periphery, 
unornamented or ornamented with scattered papillae; um
bilical area small, depressed, lacking tubercles, occasion
ally bearing a small, low boss; inner ends of chambers 
form a low, circular collar around the umbilicus; chamber 
walls finely perforate. Maximum diameter 0.35-0.45 mm; 
width/thickness ratio 2.5-3.5. 

REMARKS: E. lene is more compressed and with a higher 
apertural face than E. excavatum excavalum and 
E. excavatum clavalum, has more septal bridges and gen
erally has less papillose ornament in the sutures. It has 
similar form and profile to the Caribbean E. poeyanum, 
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but differs in being smaller and finely rather than coarsely 
perforate (PI. 15, Figs 5-6). E. lene differs from 
E. sandiegoense in its depressed rather than incised su
tures and more numerous and more regular septal bridges. 
Comparison of these South-west Pacific specimens with a 
paratype from California, show them to be identical in most 
features. The paratype has a very rme sugary chamber tex
ture not usually seen in our material and has 8 chambers 
per whorl, rather than our normal 9-10. 

TYPE SPECIMENS SEEN: Paratype (CC48724). 

TYPE LOCALITY: United States, California, Los Angeles, 
15 m, Recent. 

PRESENT-DAY GEOGRAPHIC DISTRIBUTION (Fig. 19): E. lene 
is recorded from the length of the east coast of Australia 
(Albani & Yassini 1993, this study) and many of the tropi
cal islands of the South-west Pacific (Solomon, New Cal
edonia, Lord Howe, Fiji, Tonga, Samoa, Cook islands). 

ECOLOGIC DISTRIBUTION: E. lene lives intertidally and at 
inner shelf depths in slightly brackish and normal salinity 
conditions in the outer parts of estuaries, in harbours, bays 
and in lagoons in the shelter of fringing reefs. The associ
ated faunas are dominated by combinations of Reophax, 
Textularia, Trochammina, Spiroloculina, Quinqueloculina, 
Triloculina, Elphidium, Peneroplis, Operculina, Ammo
nia, Baculogypsina. Bolivina, Bulimina, Discorbis, 
Elphidium and Tinoporus. 

ETYMOLOGY: From the Latin "Iene" meaning smooth and 
referring to the lack of ornament on the chambers. 

Elphidium macellum (Fichtel & Moll) 
PI. 13, Figs 9-14 

Nautilus macellus varietas B FlCHTEL & MOLL 1798, p.68, 
pI. 10, figs.h,i,k. 

Elphidium macellum (Fichtel & Moll). CUSHMAN 1939, p.SI, 
p1.\4, figs. 1-3; PARR 1945, p.217; KLEINPELL 19S4 (in 
part), p.43, p1.2, fig.9; COLLINS 1974, p.42; PALMIERI 
1976a, p.372; PALMIERI 1976b, p.4l3; HUGHES 1977, 
p.48, p1.J, fig.16: ROGL & HANSEN 1984, p.SO, pl.\S, 
figs. I ,2: YASSINI & JONES 1986, p1.7, figs. 6-8; ALBANI 
& YASSINI 1993, p.28, figs.68-7J; YASSINI & JONES, 
1995, p.l77, figs. I 020, I 022-S. 

E1phidium crispum (Linne). YASSINJ & JONES 1988, p.263, 
fig.17, nos.S-6. 

E1phidium jenseni (Cushman). ALBANl & YASSINI 1993, 
figs.49-S0; LOEBLICH & TAPPAN 1994, p.169(part), 
pl.381, figs.6-ll. 

Elphidium sculpturatum CUSHMAN 1936, p.84, pl.lS, figs.2a,b; 
CUSHMAN 1939, p.64, p1.l8, fig.7. 

Parrellina verriculata (Brady). LOEBLICH & TAPPAN 1994, 
p.170, pl.386, figs. I I ,12. 

DESCRIPTION: Test large, involute; outline evenly rounded 
to very slightly lobulate; profile compressed with biconvex 
to flat sides; periphery acute with narrowly rounded keel; 
sides of final chamber flat to convex; chambers numerous 
(15-22) in adult whorl; anterior part of each chamber 



slightly raised and bearing a narrow radial rib that meets 
the peripheral keel; 7-15 narrow, elongate, septal bridges 
extend over most of the width of each chamber and often 
join posteriorly to the adjacent radial rib; sutures slightly 
depressed and strongly curved back towards the periph
ery; umbilical area open, depressed, with 6-10 narrow, 
stalked or irregular papillae. Greatest diameter 0.6-0.8 
mm, width/thickness ratio 2.5-4. 

REMARKs: Examination of the types of E. sculpturatum 
(CCI5653, CC23030) from the Recent of Black Rock, 
Melbourne, Victoria, shows this species to be ajunior syno
nym of E. macellum. 

In the South-west Pacific, E. macellum is distinguished 
from other compressed species by its distinct, narrow, ra
dial ribs that extend to meet the peripheral keel, and by its 
deeply depressed umbilical area with a few irregular pa
pillae. Living forms of E. macellum in the Mediterranean 
Sea and Indian Ocean grow larger and are more involute 
with a flatter umbilical area than this Pacific form. Our 
material compares well with the lectotype illustrated by 
Rogl and Hansen (1984). 

TYPE LOCALITY: Mediterranean Sea, Recent. 

PRESENT-DAY GEOGRAPHIC DISTRIBUTION (Fig. 19): 
E. macellum occurs widely throughout the Indo-Pacific 
and Mediterranean. In this study it is recorded from along 
the east coast of Australia (Queensland, New South Wales, 
Victoria, Tasmania) and around Lord Howe and Norfolk 
Islands, New Caledonia, Fiji, Tonga, Samoa, Vanuatu and 
the Solomon Islands. 

ECOLOGIC DISTRIBUTION: E. macellum is a common species 
in normal salin'ity conditions on moderately sheltered 
beaches and at inner shelf depths throughout much of the 
South-west Pacific. It is sometimes reworked into bathyal 
depths. In eastern Australia E. macellum is frequently a 
major component of low tidal and shallow subtidal (0-20 
m depth) foraminiferal associations, with faunas dominated 
by combinations of Textularia, Quinqueloculina, 
Spiroloculina, Triloculina, Discorbis and Elphidium. 
Around the tropical islands, E. macellum is a common 
member of foraminiferal faunas living in clean sand in 
coral-enclosed lagoons, bays and outer reef slopes in di
verse faunas dominated by combinations of Textularia, 
QUinqueloculina, Spiroloculina, Triloculina, Elphidium, 
Peneroplis, Amphistegina, Baculogypsina, Tinoporus, 
Discorbis and Operculina. 

ETYMOLOGY: From the Latin "macellus" meaning thin, pre
sumably for the thin compressed test. 

Elphidium matanginuiense Hayward n.sp. 
PI. 13, Figs 15-16; PI. 14, Figs 1-2 

Elphidium cf. hampdenensis Finlay. CAMPBELL et at. 1993, 
table 4.10. 

Elphidium sp. CAMPBELL et at. 1993, table 4.10. 

DESCRIPTION: Test of medium size; outline smoothly 
rounded to very slightly lobulate; profile compressed to 
biconvex; periphery acutely rounded, limbate, but not 
keeled; 12-15 chambers in adult whorl; strong, rounded 
radial rib developed along the proximal edge of each cham
ber; 5-7 very short, septal bridges span each suture be
tween the radial ribs; sutures depressed, curved backwards 
towards the periphery and lined with small papillae around 
the larger tubercles; umbilical area filled with 4-7 large 
tubercles, level with the radial ribs. Maximum diameter 
0.45--0.7 mm; width/thickness ratio 2.8-3.2. 

REMARKS: This is the earliest species of Elphidium found 
in New Zealand and one of the oldest records in the world. 
It is unlike any other fossil or Recent species recorded 
from the South-west Pacific region, being characterised 
by its strong radial ribs and short tubercular septal bridges. 
It appears to possess the distinctive elphidiid characters 
of a sutural canal system and arched, pore-like apertures 
along the base of the apertural face. 

TYPE LOCALITY: New Zealand, Chatham Island, South-west 
ofTakapu Creek, (CHID), early Eocene (early Waipawan); 
Tumaio Limestone Member. 

HOLOTYPE: TF 1655/1 

PARATYPES: 6 paratypes (TFI655/2-3); 4 paratypes 
(USNM487682) from the type locality. 

NEW ZEALAND PALEOGEOGRAPHIC DISTRIBUTION (Fig. 34): 
E. matanginuiense is currently known only from the 
Chatham Islands, offshore to the east of New Zealand's 
South Island. 

NEW ZEALAND STRATIGRAPHIC DISTRIBUTION: Early Eocene 
(early Waipawan to Mangapanian). 

NEW ZEALAND PALEOECOLOGIC DISTRIBUTION: The faunal 
assemblages in which E. matanginuiense occurs are di
verse and dominated by Melon is, Bulimina, Cibicides, 
Alabamina, Lenticulina, Stilostome//a, Pul/enia, 
Gyroidina, Osangularia and Pleurostomella. This assem
blage is inferred to be representative of normal marine 
salinity at outer shelf or uppermost bathyal depths (c. 100-
400 m, Hayward 1986). 

ETYMOLOGY: Named after the locality (CH/f54) where it 
was first recognised, 0.5 km south of the mouth of 
Matanginui Stream, Chatham Island. This name was 
coined but never published by the late Dr Norcott 
Hornibrook, who first recognised that this form was a new 
species in the 19705. 
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Elphidium matauraense Hayward n.sp. 
PI. 14, Figs 3-5 

DESCRIPTION: Test of moderately small size; outline circu
lar to very slightly lobulate; profile moderately compressed 
with parallel or slightly convex sides; acutely rounded pe
riphery with a weak. broad, rounded keel or thickened 
band; 9-11 non-inflated chambers per adult whorl; radial 
ribs lacking; 8-10 short, narrow, septal bridges span each 
suture, separated by small sutural pits; sutural pits some
times closed over towards the umbilicus; sutures narrow 
and slightly depressed. strongly curved backwards towards 
the periphery; umbilical area flat, filled with opaque shell 
wall; chamber walls finely perforate. Maximum diameter 
0.3-0.4 mm; width/thickness ratio 2.2~2.8. 

REMARKS: E. malauraense differs from E. charlottense by 
its more strongly involute coiling and weaker keel; from 
E. advenum maorium by its less inflated chambers and 
lack of a discrete umbonal boss; and from E. albanii by 
the fewer septal bridges and presence of a keel. 

TYPE LOCALITY: New Zealand, Southland, Mataura 
drillhole, F46/f52 cuttings 78.68-78.73 m, Chatton For
mation (Isaac & Lindqvist 1990), early Miocene 
(Waitakian or Otaian). 

HOLOTYPE: TF 165611 

PARATYPES: 6 paratypes (TF 1656/2-4), 2 paratypes 
(USNM487682) from type locality. 

NEW ZEALAND PALEOGEOGRAPHIC DISTRIBUTION (Fig. 35): 
E. matauraense appears to be restricted to New Zealand, 
where it has only been found so far in Northland and 
Southland at opposite ends of New Zealand. 

STRATIGRAPHIC DISTRIBUTION: Early Miocene (Waitakian to 
early Altonian). 

PALEOECOLOGIC DISTRIBUTION: E. matauraense occurs in 
carbonaceous sandstone and muddy sandstone that were 
deposited during a marine incursion within the dominantly 
non-marine period oflignite accumulation in the Oligocene 
and Miocene in this region. The associated molluscs are a 
typical shallow inner shelf assemblage (Maxwell in Isaac 
& Lindqvist 1990, p. 28). The foraminiferal assemblages 
(e.g. F46/f42, f52) are dominated by Notorotalia spinosa, 
Discorotalia tenuissima, Cribrorotalia and Elphidium, that 
are inferred to have lived in moderately sheltered, normal 
salinity conditions at inner shelf depths (c. 5-50 m, 
Hayward & Hornibrook in Isaac & Lindqvist 1990, p. 32). 

ETYMOLOGY: Named after the type locality, near Mataura. 
This name was coined but never published by the late Dr 
Norcott Hornibrook, who first recognised that this form 
was a new species in the early 1980s. 
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Elphidium mortonbayense Albani & Yassini 
PI. 14, Figs 6-9 

Elphidium mortonbayensis ALBANI & YASSINI 1993, p.30, 
figs.74,78. 

Elphidium diseoidale multi/oeulum Cushman & Ellisor. ALBANI 
& YASSINI 1993, p.27, figs. 61,62; YASSINI & JONES, 
1995, p.l77, figs. 1 069-72. 

Elphidium striatopunetatum (Fichtel & Moll). ALBANI & 
YASSINI 1993, p.30, figs.75-77. 

Cellanthus diseoidale (d'Orbigny). PALMIERI 1976a, p.372; 
PALMIERI 1976b, p.413. 

Cellanthus multi/oculus (Cushman & Ellisor). PALMIERI I 976a, 
p.372. 

DESCRIPTION: Test large to moderately large; outline 
smoothly circular to slightly lobulate in later part of whorl; 
profile broadly biconvex, periphery acutely rounded with 
no single keel; 16-25 chambers in adult whorl; 7-9 strong, 
flattened septal bridges span the sutures; bridges link to
gether towards the periphery on earlier chambers, to form 
several concentric ribs over and adjacent to the rounded 
periphery; sutures sl ightly depressed, straight to very 
slightly curved back towards the periphery and lined with 
very fine papillae; large, raised, shelly boss, spanning one 
quarter to one third diameter of test; umbonal boss with 
numerous large pits. Greatest diameter 0.6-1.0 mm; width! 
thickness ratio 1.8-2.2. 

REMARKS: This species is characterised by its large, raised 
boss, its distinctive peripheral concentric ribs and its 
acutely rounded periphery. It is readily distinguished from 
E. craticulatum by its lack of a peripheral keel. 

TYPE LOCALITY: Queensland, Morton Bay, Recent 

TYPES: Holotype (Australian Geological Survey, 
CPC31040), paratypes (CPC31 041). 

GEOGRAPHIC DISTRIBUTION (Fig. 19): To date 
E. mortonbayense is only known from the Recent of 
Queensland and New South Wales, Australia (Albani & 
Yassini 1993, this study). 

ECOLOGIC DISTRIBUTION: E. mortonbayense lives in nor
mal marine salinity, in exposed to moderately sheltered 
situations at inner shelf depths, in diverse faunas domi
nated by combinations of Textularia, Spiroloculina, 
Quinqueloculina, Triloculina, Peneroplis, Elphidium and 
Operculina. 

ETYMOLOGY: From the type locality in Morton Bay, 
Queensland. 



Elphidium novozealandicum Cushman 
PI. 1, Fig. 9; PI. 14, Figs 10-14 

Elphidium novozealandicum CUSHMAN 1936, p.85, p1.l5, 
fig.4a,b; CUSHMAN 1939, p.63, p1.17, fig.18; 
HORNIBROOK in FLEMING 1952, p.82; VELLA 1957. 
p.ll,13; VELLA 1962, p.193; VELLA 1963, p.790; HULME 
1964, p.338; KUSTANOWICH 1965, p.53,61; KENNETT 
I 966b, p.204; HEDLEY el al. 1967, p.47, p1.12, fig.4a,b; 
HORNIBROOK 1968, p. 75, 77; COLLEN 1973, p1.5, 
figs.7,1O; GREGORY 1973, p.198, fig.2, no.8; TOPPING 
1973, p.31, p1.9, fig.9: THOMPSON 1975, p.88; HOSKINS 
1978, p.274, pl.4, fig. 12; ADAMS 1979, p.145: LEWIS 1979, 
p.35; HAYWARD 1979, p.I84; BROOK el at. 1981, p.90; 
HAYWARD 1981, p.132, fig.3e; HAYWARD 1 982a, fig.5e; 
HAYWARD 1990b, p.96, fig.3f; HAYWARD & GRACE 
1981, p.52; HAYWARD el al. 1984, p.162; COLLEN 1983, 
p.15, 19,24,28,32. HORNIBROOK el at. 1989, p.92, fig.23:9; 
CAMPBELL el al. 1993, p.160; HAYWARD el al. 1994, 
fig.3P; COLLEN 1995, pl.l 0, figs.7-8. 

Polyslomella macella (Fichtel & Moll). BRADY 1884 (in part), 
p.737, pl.1lO, fig.8; HAEUSLER 1887, p.200; CUSHMAN 
1919, p.633; HERON-ALLEN & EARLAND 1922, P.230. 

Polyslomella. MORTON & MILLER 1968, p.509, fig. 188. 

DESCRIPTION: Large evenly rounded test, very compressed 
with acutely rounded periphery and blunt keel; 20 or more 
chambers in final whorl; strong reticulate ornament; nar
row radial ribs; sutures depressed, curved backwards; 15 
septal bridges, narrow, long, extending across each cham
ber; umbilical area slightly depressed with reticulate or
nament of narrow ribs; wall fmely perforate, glassy. Great
est diameter 0.5--0.8 mm; width/thickness ratio 3.5-4.8. 

REMARKS: E. novozealandicum differs from E. macellum 
by having a less acute periphery and a depressed um-bilical 
area with reticulate ornament. A similar species occur
ring in the tropical Pacific and eastern Australia, E. 
fichtellianum, is distinguished by its finely tuberculate 
umbilical area. 

TYPE LOCALITY: New Zealand, Fiordland, Dusky Sound, 
Recent. 

TYPE SPECIMENS SEEN: Holotype (CC23046); 5 paratypes 
(CC9872). 

PRESENT-DAY GEOGRAPHIC DISTRIBUTION (Figs. 19, 24): 
E. novozealandicum is endemic to New Zealand, where it 
occurs between the Three Kings Islands in the north and 
Stewart and Antipodes Islands in the south, including the 
Chatham Islands out to the east. 

ECOLOGIC DISTRIBUTION: A common species in moderately 
high energy areas on the irmer shelf (Quinqueloculina, 
Zeajlorilus associations). 

NEW ZEALAND PALEOGEOGRAPHIC DISTRIBUTION (Fig. 40): 
E. novozealandicum is also endemic to New Zealand in 
the fossil record. Apart from one South Island record it is 
only known from the North Island and Chatham Islands as 
fossils, in part reflecting the sparseness of the latest 
Miocene, Pliocene and Quaternary marine sedimentary 
record of the South Island. 

NEW ZEALAND STRATIGRAPHIC DISTRlBUTION: Latest Miocene 
to Recent (Kapitean onwards). 

NEW ZEALAND PALEOECOLOGIC DISTRIBUTION: 
E. novozealandicum is nowhere the dominant member of 
a fossil assemblages, but may occur as a codominant up to 
c. 10% relative abundance. It occurs in fossil faunas (e.g. 
YI4/f7841, V2I/f852I, S27/f8587) dominated by the 
benthics Haeuslerella, Textularia, Bolivina. Bolivinita, 
Cibicides, Elphidium, Notorotalia and Uvigerina. that are 
irmer and mid shelf assemblages (Hayward 1986). 

It appears that E. novozealandicum has lived in normal 
salinity conditions at inner and sometimes mid shelf depths 
(c. 0-100 m) throughout its stratigraphic range. 

ETYMOLOGY: From New Zealand. 

Elphidium aff. novozealandicum Cushman 
PI. I, Fig. 8; PI. 14, Figs 15-17 

Elphidium afT. novozealandicum Cushman. GIBSON 1967, p.54. 
Discorolalia cf. aranea (Homibrook). GIBSON 1967, p1.13, 

figs.210,211. 

DISTINGUISHING FEATURES: Slightly evolute (esp. in N021 
f7584), strongly compressed test; variable umbilical or
nament with a spiral rib or irregular tubercles and ribs (esp. 
in V211f8521, RI3/f6009A). Greatest diameter 0.4-0.6 
mm. 

REMARKS: E. aff. novozealandicum appears to be a 
form with variable umbilical ornament predating 
E. novozealandicum. 

NEW ZEALAND PALEOGEOGRAPHIC DISTRIBUTION (Fig. 40): 
This taxon is only known from New Zealand. [t occurs 
throughout the different basins of the North Island but has 
not been recorded from the South Island. 

NEW ZEALAND STRATIGRAPHIC DISTRIBUTION: Late middle 
Miocene to early Pliocene (Waiauan, Tongaporutuan and 
Opoitian). 

NEW ZEALAND PALEOECOLOGIC DISTRIBUTION: 
E. aff. novozealandicum is a rare species, never found in 
relative abundances greater than c.l % of the total fauna. [t 
occurs in some faunas (e.g. Y 141f784 I , V21 1f852 1 ) with 
10-30% planktics, dominated by Haeuslerella, Textularia. 
Cibicides. Gyroidina. Lenticulina. Notorotalia and 
Uvigerina. that are typically mid or outer shelf assem
blages. It also occurs in some faunas (e.g. N02/f7584) with 
fewer than 5% planktics, dominated by Amphistegina. 
Elphidium and Notorotalia. that are clearly irmer shelf as
semblages (Hayward 1986). 

[t appears that E. aff. novozealandicum lived in low num
bers in a wide range of normal salinity environments at 
inner to outer shelf depths (c. 0-200 m). 
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Elphidium oceanicum Cushman 
PI. 15, Figs 1-5 

Elphidium oceanicum CUSHMAN 1933, p.52, p1.12, figs.7a-b; 
CUSHMAN 1939, p.59, p1.16, fig.23; COLLINS 1958, p.421. 

Polystomella sp. CUSHMAN 1924, p.49, p1.16, fig.5. 
Cribrononion schmitti (Cushman & Wickenden). ALBANI 1981, 

p.1l5, fig.40; ALBANI & YASSINI 1993, p.21, figs.27,28; 
YASSINI & JONES 1995, p.179, fig. 1 040, 1 042. 

DESCRIPTION: Test of medium size; outline lobulate; pro
file moderately compressed with flat to concave sides; pe
riphery broadly rounded with no keel; 8-12 slightly in
flated chambers in adult whorl; 7-12 short (ca. 0.25 cham
ber width), narrow, septal bridges span the sutures; su
tures quite deeply depressed, straight to slightly curved 
backwards towards the periphery; sutures lined with minute 
papillae at their umbilical end; umbilical area wide and 
depressed with numerous small papillae. Greatest diam
eter 0.35-0.45 mm; width/thickness ratio 3. 

REMARKS: Examination of the types of E. schmitti 
(USNM20776, CC10562) from the Recent of Chi Ie show 
it to be a distinctly different species, lacking septal bridges 
and with much larger and more prominent umbilical tu
bercles. E. oceanicum is one of many South-west Pacific 
species that lack a keel, have a lobulate outline and short 
retral processes. It is distinguished from E. excavatum by 
its wide, papillate umbilicus and looser coiling. It is very 
similar to the Eocene E. schencki from which it differs by 
its looser coiling, more numerous umbilical tubercles and 
more evenly rounded periphery .. 

TYPE LOCALITY: Fiji, Levuka, 25 m, Recent. 

TYPE SPECIMEN SEEN: Holotype (CCI5673). 

PRESENT-DAY GEOGRAPHIC DISTRIBUTION (Fig. 19): 
E. oceanicum occurs widely in the tropical South-west Pa
cific. In this study it is recorded from around the Solomon 
Islands, Lord Howe Island, Fiji, Samoa and Tonga. Albani 
& Yassini (1993) and this study record it from the east 
coast of Australia (Queensland, New South Wales, Victo
ria, Tasmania). 

ECOLOGIC DISTRIBUTION: E. oceanicum is a common spe
cies in normal salinity conditions on beaches, in intertidal 
channels among mangroves and in inner shelf sediments 
in moderately sheltered environments such as inside fringe 
reefs and in sheltered passages. It occurs in faunas domi
nated by combinations of Textularia, Trochammina, 
Spiroloculina, Peneroplis, Quinqueloculina, Triloculina, 
Ammonia, Bolivina, Discorbis, Elphidium and Haynesina. 

NEW ZEALAND PALEOGEOGRAPHIC DISTRIBUTION (Fig. 33): 
The only New Zealand record of E. oceanicum is from a 
warm interglacial association near East Cape, North Is
land. 

NEW ZEALAND STRATIGRAPHIC DISTRIBUTION: This species 
is only known in New Zealand from one specimen in the 
Pleistocene (Castlecliffian). 
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NEW ZEALAND PALEOECOLOGIC DISTRIBUTION: The only fos
sil specimen of this species in New Zealand occurs in the 
Te Piki Bed (East Cape), which has a rich macrofauna in
ferred to have accumulated in a sheltered muddy environ
ment at 5-10 m depth (Grant-Mackie & Chapman-Smith 
1971 ). 

ETYMOLOGY: Presumably after its occurrence around the 
oceanic islands in the Pacific or oceania. 

Elphidium phillipense new name 
PI. 15, Figs 6-9 

Elphidium granulosum COLLINS 1974, p.43, pI. 3, figs.33a-c. 

DESCRIPTION: Test of small size; involute; outline lobulate 
especially in adult part of whorl; profile moderately com
pressed with flat sides; periphery broadly rounded with no 
keel; 10-13 inflated chambers in adult whorl; ornament 
on last formed chambers consists of scattered, small, pa
pillae which strengthen on earlier chambers into a mosaic 
of coarse overlapping granules; sutures distinctly depressed 
and most visible in the later part of the adult whorl; su
tures straight to slightly curved; 5-7 short and extremely 
narrow, septal bridges usually ornamented with 3-4 papil
lae; umbilical area depressed and occupied by the irregu
lar, granular ends of the chambers; apertural face 
ornamented with scattered papillae; chamber walls very 
finely perforate. Greatest diameter 0.3-0.35 mm; width! 
thickness ratio 1.8-2.2. 

REMARKS: E. granulosum Collins is a homonym of 
E. granulosum (Sidebottom 1909 - described as 
Polystomella macellum var. granulosum) and therefore a 
new name is here proposed for the Australian species. 

E. phillipense is similar to E. excavatum s.1. but differs in 
its coarse granular ornament. It differs from E. gunteri by 
its finely perforate walls. It has superficially similar coarse 
ornament to E. hispidulum, E. collinsi and E. reticulosum 
- the first two have umbonal bosses and keels and the lat
ter develops reticulate ornament over the earlier cham
bers. 

TYPE LOCALITY: Australia, Victoria, Port Phillip, Swan Bay 
north shore, stn. 49-C5, beach sand, Recent. 

TYPE SPECIMEN SEEN: Holotype (Vict.Mus. F42145). 

PRESENT-DAY GEOGRAPHIC DISTRIBUTION (Fig. 19): This spe
cies is only known from its type locality in Victoria, Aus
tralia. 

ECOLOGIC DISTRIBUTION: E. phillipense is only known from 
intertidal and shallow subtidal environments in slightly 
brackish to near normal salinity conditions in a moder
ately sheltered bay in faunas dominated by Ammonia, 
Elphidium and Quinqueloculina. 

ETYMOLOGY: From the type locality in Port Phillip Bay, 
Victoria. 



Elphidium pseudoinJlatum Cushman 
PI. 15, Figs 12-18 

Elphidium pseudoinjlatum CUSHMAN 1936, p.80, pi. 14, 
figs.5a,b; CUSHMAN 1939, p.4l, p1.11, fig.8; HAYWARD 
& BUZAS 1979, p.53, p1.13, figs.166-168. 

Elphidium nigarense CUSHMAN 1936, p.85, pi.15, figs.3a,b; 
CUSHMAN 1939, p.63, p1.17, fig.19; HAYWARD & 
BUZAS 1979, p.53, p1.13, figs.161-165. 

Elphidium subinjlatum CUSHMAN 1936, p.84, pl.l5, figs. 1 a,b; 
CUSHMAN 1939, p.48, p1.12, fig.20. 

Elphidium hornibrooki SRINIVASAN 1966, p. 248, p1.4, 
figs.8,12. 

Elphidium aff. hornibrooki Srinivasan. LEITCH et at. 1969, p.29. 

DESCRIPTION: Test of medium size; outline circular to very 
slightly lobulate; profile strongly intlated, biconvex with 
sides of apertural face distinctly convex; periphery acute 
with a strong, narrow keel; 8-13 slightly intlated cham
bers in adult whorl; a crisp, narrow, curved, radial rib runs 
along the slightly elevated proximal edge of each cham
ber, extending from the umbilicus one half to two thirds of 
the distance to the periphery; 5-10 narrow septal bridges 
span each suture; septal bridges generally span all or most 
of the width of each chamber in the early part of the whorl, 
producing a reticulate pattern of ornament; in the latter 
part of the whorl, septal bridges generally extend only one 
third to one half way across each chamber but in some 
specimens may extend the full distance; papillae fill the 
strongly curved, depressed sutures and also extend over 
large areas ofthe chambers and the apertural face; umbili
cus usually narrow and deeply depressed, occasionally 
containing several small tubercles; wall finely perforate. 
Greatest diameter 0.5-0.75 mm; width/thickness ratio 
1.7-2. 

REMARKS: This species is characterised by the combina
tion of strong intlation, distinct keel, heart-shaped apertural 
face, a deep narrow umbilicus and the reticulate ornament 
of narrow ribs and septal bridges, at least over the first 
half ofthe whorl. It is most similar to the middle Eocene 
E. hampdenense which always has reticulate ornament over 
the entire test and has a triangular apertural face. 
E. hampdenense also has a broader, blunter keel than 
E. pseudoinjlatum. 

Elphidium hornibrooki appears to be a junior synonym of 
E. pseudoinjlatum, for although the original description 
and illustration of E. hornibrooki (Srinivasan 1966) are 
suggestive of E. advenum group, close examination of the 
holotype (VF619) clearly shows the presence of elevated, 
crisp radial ribs and septal bridges of variable length and 
the distinctive profile of E. pseudoinjlatum. 

TYPE LOCALITY: Australia, Victoria, Batesford, 
Lepidocyclina Limestone, Miocene. 

TYPE SPECIMENS SEEN: Holotype (CC23545), 2 paratypes 
(CC23546). 

PALEOGEOGRAPHIC DISTRIBUTION(Fig. 38): E. pseudoinjlatum 

is known from both islands of New Zealand and from the 
Miocene of southern parts of Australia. 

NEW ZEALAND STRATIGRAPHIC DISTRIBUTION: Late Eocene 
to middle Miocene (Runangan-Waiauan). 

NEW ZEALAND PALEOECOLOGIC DISTRIBUTION: 
E. pseudoinflatum is never one of the dominant species in 
a fauna. It occurs in relative abundances up to c. 5%, and 
frequently less. In the Oligocene it occurs in faunas (e.g. 
RI4/f6541, L28!t7504) with 0-10% planktics, dominated 
by the benthics Amphistegina, Caner is, Cibieides, 
Cribrorotalia, Elphidium wadeae and Melonis maoriea, 
and inferred to have accumulated at inner shelf depths. In 
the Miocene, E. pseudoinjlatum occurs in faunas (e.g. 
N02/f7554, M341f7038, 138!t7628, 045/f8487) with c. 2-' 
20% pianktics, dominated by the benthics Gaudryina, 
Textularia, Quinqueloeulina, Amphistegina, 
Anomalinoides, Buliminella, Cibieides, Cribrorotalia, 
Elphidium erispum erispum, Lentieulina, Notorotalia 
spinosa and Pi/eo/ina, and inferred to have accumulated 
mostly at inner shelf depths but in some instances (e.g. 
045/f8477) perhaps at mid shelf depths. 

It appears that E. pseudoinjlatum lived in normal marine 
environments mostly at inner shelf depths (c. 0-50 m) in 
moderate to high energy situations, but at times perhaps as 
deep as mid shelf(up to 100 m). 

ETYMOLOGY: Named for its resemblance to the intlated 
European Miocene species E. inflatum. 

Elphidium reticulosum Cushman 
PI. 16, Figs 1--4 

Elphidium reticulosum CUSHMAN 1933, p.51, pl.l2, figs.5a,b; 
CUSHMAN 1939, p.59, p1.16. fig.24; HUGHES 1977, p.48, 
p1.2, fig.42. 

DESCRIPTION: Test ofmedium size; outline slightly lobulate, 
especially in later part of whorl; profile moderately com
pressed with tlat sides; periphery broadly rounded with no 
keel; 11-13 slightly intlated chambers in adult whorl; 7-9 
short, indistinct septal bridges span the sutures between 
the last few chambers, but develop into long narrow con
centric ribs that completely span each chamber earlier in 
the whorl, and join ribs from adjacent chambers to form 
disjointed, beaded radial ribs on each early chamber; these 
concentric and radial ribs form a dense reticulate orna
ment over the entire first half to two thirds of the whorl; 
later chambers have a surface texture of fine, irregular, 
anastomosing, short, worm-like riblets; sutures distinctly 
depressed, slightly curved and lined with minute papillae; 
umbilical area small, tlat and covered with a mix of small 
and minute papillae; apertural face ornamented with minute 
papillae. Greatest diameter 0.4-0.5 rum; width/thickness 
ratio 2.5-3. 

REMARKS: This species is characterised by its reticulate 
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ornament. Cristatavultatus pacificus is distinguished by 
stronger and more irregular ribbed ornament, more lobulate 
periphery and more channelised sutures. E. reticulosum 
differs from the similar Elphidium sharkianum (from West 
Australia) by its stronger development of reticulate orna
ment and weaker radial ribs. It differs from Elphidium 
hispidulum by its more compressed profile, more broadly 
rounded periphery and weaker umbilical ornament. 

TYPE LOCALITY: Tonga, Vava'u Anchorage, 36 m, Recent. 

TYPE SPECIMENS SEEN: Holotype (CCI5671); I paratype, 
Rotonga, 15 m (CC 1990 I). 

PRESENT-DAY GEOGRAPHIC DISTRIBUTION (Fig. 20): This spe
cies appears to be restricted to the tropical to subtropical 
South-west Pacific islands. In this study we have recorded 
it from the waters around Fiji, Kermadec, Lord Howe, New 
Caledonia, Norfolk, Samoa, Solomon, Tonga and Vanuatu 
islands. 

ECOLOGIC DISTRIBUTION: E. reticulosum is a reasonably 
common species in normal salinity, on sandy beaches, in 
intertidal channels among mangroves and at inner shelf 
depths (0-30 m) around many of the tropical islands. It 
occurs in faunas dominated by varying combinations of 
Ammonia, Peneroplis, Quinqueloculina, Spiroloculina, 
Bolivina, Discorbis, Elphidium and Reusella. 

ETYMOLOGY: From its reticulate ornament. 

Elphidium saginatum Finlay 
PI. 16, Figs 5-8 

Elphidium saginatum FINLAY 1939, p.127, p1.12, figs.31-33; 
FINLAY 1940, p.457; WEBB 1970, fig.l, table 3; 
HORNIBROOK 1965, p.49,51; HORNIBROOK et al. 1989, 
p.92, fig.15:31; MALUMIAN 1990, p.359, pl.4, figs.7-8; 
KAIHO ef al. 1993, p.77, pl.4, figs.26-2S; CAMPBELL et 
al. 1993, table 4.15. 

Elphidium laurifaense TODD & KNIKER 1952, p.19, pl.3, 
figs.36a.b. 

DESCRIPTION: Test of medium to large size; outline smoothly 
circular, becoming slightly lobulate in larger specimens; 
profile strongly inflated with flat sides; periphery broadly 
rounded with no keel; 8-11 slightly inflated chambers in 
adult whorl; 4-6 broadly inflated, septal bridges span each 
suture and extend half to two thirds the distance across the 
chambers, producing a distinctive coarse reticulate orna
ment, especially in subadult tests; sutures straight and 
deeply depressed, giving the appearance of deep pits be
tween the septal bridges; sutures lined with small papil
lae; umbilical area a small, deep, circular depression lined 
with small papillae; wall finely perforate and opaque. 
Greatest diameter 0.4-0.75 mm; width/thickness ratio 
1.5-2. 

REMARKS: E. saginatum is distinguished from other 
unkeeled species by its greater inflation, its near circular 
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outline and its broad septal bridges that produce the char
acteristic coarsely reticulate ornament which distinguishes 
it from E. excavatum s.l.. 

TYPE LOCALITY: New Zealand, Wairarapa, Mangatoro 
(U24/f9142), middle Eocene (Porangan). 

TYPE SPECIMENS SEEN: Holotype (TF108 l/l), 3 paratypes 
(TFI08112-4), 2 paratypes (USNM689074). 

PALEOGEOGRAPHIC DISTRIBUTION (Fig. 33): E. saginatum 
occurs throughout the New Zealand region and has been 
recorded from Tierra del Fuego and Chile, South America 
(Todd & Kniker 1952, Malumian 1990). 

NEW ZEALAND STRATIGRAPHIC DISTRIBUTION: E. saginatum 
has a restricted stratigraphic range in New Zealand, with 
its first appearance very close to the last appearance of 
E. hampdenense. 

Its presence is used as the index species for the middle 
Eocene, Porangan stage, in New Zealand. 

NEW ZEALAND PALEOECOLOGIC DISTRIBUTION: E. saginatum 
is not known to dominate any fossil faunas in New Zea
land but occurs in abundances upto 10% of the total benthic 
foraminifera. The fauna of the type locality in Wairarapa 
is a typical mid bathyal assemblage being dominated by 
Hyperammina, Ammodiscus, Cyclammina, nodosariids, 
Pleurostomella, Pullenia, Gyroidina, Bulimina bortonica, 
Osangularia and Cibicides parki. E. saginatum occurs in 
similar mid bathyal assemblages in Canterbury (e.g. N33/ 
fS168) and the Great South Basin (Pakaha-I, Pukaki-I, 
Kawau-lA, Raine et at. 1993). In Northland (e.g. 005/ 
f7728), the Chatham Islands (e.g. CH/f507) and the Great 
South Basin (Toroa-I), E. saginatum occurs in somewhat 
shallower upper bathyal assemblages dominated by 
Vaginulinopsis, Melonis, Cibicides parki, Bulimina, 
Cyclammina and Lenticulina. E. saginatum is not known 
from typically shelf depth assemblages. 

It appears that E. saginatum lived in normal marine salin
ity at upper and mid bathyal depths (c. 200-2000 m). 

ETYMOLOGY: From the Latin "saginatus" meaning fattened. 

Elphidium sandiegoense (Lankford) 
PI. 16, Figs 9-11 

Cribrononion sandiegoense LANKFORD in LANKFORD & 
PHLEGER, 1973, p.IIS, pl.3, figs. 19a-b. 

DESCRIPTION: Test of small size; outline circular; profile 
moderately compressed with parallel or slightly concave 
sides; acutely rounded periphery with no keel; 8-9 non
inflated chambers per adult whorl; radial ribs lacking; 1-3 
extremely short, irregular septal bridges span each suture; 
a strong sutural pit occurs at the umbilical end of each 
suture adjacent to the umbilical suture; sutures deeply in
cised, slightly curved backwards towards the periphery; 



umbilical area small, depressed, with a low circular col
lar; chamber walls finely perforate. Maximum diameter 
0.25-0.35 mm; width/thickness ratio 1.8-2.2. 

REMARKS: E. sandiegoense has a similar shape to 
E. excavatum, but differs in its more deeply incised su
tures and lack offine papillate sutural ornament. This spe
cies differs from the Miocene E. vulgare Voloshinova by 
its fewer septal bridges and fewer chambers. 

TYPE LOCALITY: United States, California, San Diego, La 
Jolla Bay, 17 m, Recent. 

TYPE SPECIMEN: Holotype (USNM 188027). 

PRESENT-DAY GEOGRAPHIC DISTRIBUTION (Fig. 20): In the 
South-west Pacific region, E. sandiegoense is only known 
from the Great Barrier reef off Queensland, Australia. 

ECOLOGIC DISTRIBUTION: This species occurs in normal ma
rine salinity at inner shelf depths in a diverse fauna domi
nated by Textularia, Spiroloculina, Quinqueloculina, 
Triloculina, Peneroplis, Operculina and Elphidium. 

ETYMOLOGY: After the type locality, near San Diego. 

Elphidium schencki Cushman & Dusenbury 
PI. 16, Figs 12-15 

Elphidium schencki CUSHMAN & DUSENBURY 1934, p.60, 
p1.8, figs.8a,b; CUSHMAN 1939. p.40, pl.10, fig. 20. 

Elphidium nitidum DORREEN 1948, p.290, p1.37, figs.l1a-b. 

DESCRIPTION: Test of medium size; outline circular to very 
slightly lobulate; profile moderately inflated with flat, par
allel sides; periphery acutely rounded, no keel; 8-12 non
inflated chambers in adult whorl; no radial ribs; 6-9 low, 
broadly rounded, septal bridges span each suture, but gen
erally do not extend onto the chamber surface; sutures 
narrowly incised, slightly curved backwards towards the 
periphery; umbilical area wide, depressed, filled with fine 
tubercles, which also extend as a narrow band around the 
whorl along the base of the apertural face; wall finely per
forate. Greatest diameter 0.6 mm; width/thickness ratio 
1.8-2.3. 

REMARKS: Close examination of types of E. nitidum 
(CC64154, USNM688474) from New Zealand and a 
paratype of E. schencki, shows these two late Eocene spe
cies to be conspecific. The species is characterised by its 
moderate inflation, rounded periphery, non-inflated cham
bers, low septal bridges, and narrow sutures. It differs from 
the similar Recent species E. oceanicum by its tighter coil
ing, fewer umbilical tubercles and more acutely rounded 
periphery. 

TYPE LOCALITY: United States of America, California, La 
Jolla, Murray County, Eocene. 

TYPE SPECIMEN SEEN: 1 paratype (CC241 02). 

PALEOGEOGRAPHIC DISTRIBUTION (Fig. 33): E. schencki is 
known only from the late Eocene of California and New 
Zealand. 

NEW ZEALAND STRATIGRAPHIC DISTRIBUTION: This is a rare 
species in New Zealand, known only from the middle and 
possibly late Eocene (Bortonian and possibly up to 
Runangan) of Northland and the latest Eocene (Runangan) 
of Westland. 

NEW ZEALAND PALEOECOLOGIC DISTRIBUTION: E. schencki 
occurs in only a few New Zealand fossil samples and no
where in abundances greater than c. 3%. In Westland (132/ 
f7848) it occurs in assemblages dominated by Gaudryina, 
Asterigerina, Quinqueloculina, Reusel/a, Buliminella, 
Melonis, Cribrorotalia and Cibicides vortex. This fauna 
is typical of inner shelf depths (c. 0-50 m). In Northland 
(e.g. Q08/f289, f9018), E. schencki occurs in faunas with 
less than c. 2% planktics and assemblages typical of inner 
shelf environments. It appears that E. schencki lived in 
normal salinity environments at inner shelf depths (c. 
0-50 m). 

ETYMOLOGY: Named after foraminiferal micro
paleontologist, H.G. Schenck. 

Elphidium silvestrii new name 
PI. 16, Figs 16-17 

Polystomella macella var. aculeatum SILVESTRI 1901. p.45. 
Elphidium macellum var. aculeatum (Silvestri). CUSHMAN 

1939, p.52, p1.15. figs. 11-13; BARKER 1960, pl.11 0, fig. 10. 
Elphidium macellum aculeatum (Silvestri). ALBANI 1978, 

p.385, fig.9E; ALBANI & YASSINI 1993, p.29, fig.67; 
YASSINJ & JONES 1995, p.178. fig. 1 019. 

DESCRIPTION: Test small to medium size, involute; outline 
evenly rounded to very slightly lobulate; profile strongly 
compressed with flat sides; periphery acutely rounded with 
weak, narrowly rounded keel and short, needle-like spines 
arising from the radial ribs; sides of final chamber slightly 
convex; 13-17 chambers in adult whorl; anterior part of 
each chamber slightly raised and bearing a narrow radial 
rib that usually extends to the peripheral keel; 6-9 narrow, 
septal bridges extend about one half the width of each 
chamber; sutures slightly depressed and curved back to
wards the periphery; umbilical area open, flat or slightly 
depressed, with about 4-8 narrow, stalked or irregular 
papi lIae; granu lar wall texture, with fme papi llae over most 
of chamber. Greatest diameter 0.3-0.6 mm; width/thick
ness ratio 3-4. 

REMARKS: As noted by Barker (1960), Elphidium 
aculeatum (Silvestri) is a homonym of Elphidium 
aculeatum (d'Orbigny) and the latter has priority. Thus 
Elphidium silvestrii is here proposed as a new name for 
the former. Elphidium silvestrii is characterised by nu
merous short spines and a strongly compressed test. It 
further differs from E. macel/um by its smaller test and 
significantly shorter septal bridges. 
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TYPE LOCALITY: Sicily, Contrada La Croce, Recent. 

PRESENT-DAY GEOGRAPHIC DISTRIBUTION (Fig. 20): This spe
cies has a sporadic distribution with records from the Medi
terranean, south Atlantic and Australia. In the study re
gion it has been recorded from the New South Wales and 
Victoria coast (Albani & Yassini 1993) of Australia and 
was found by us in Tasmania. 

ECOLOGIC DISTRIBUTION: This species occurs in moderately 
sheltered, near normal salinity in the mouths of large har
bours in diverse faunas dominated by Reophax, 
Quinqueloculina. Trochammina. Elphidium. Zeajlorilus. 
Discorbis and Cibicides. 

ETYMOLOGY: Named after prominent Italian foraminiferal 
micropaleontologist A. Silvestri, who first recognised this 
species as a distinct entity. 

Elphidium vavauense Hayward n.sp. 
PI. 17, Figs 1-3 

DESCRIPTION: Test small to medium size; outline smoothly 
circular; profile biconvex; periphery acute with a narrow, 
rounded keel; 18-20 chambers in adult whorl; 7-8 narrow 
septal bridges span the sutures, becoming stronger and 
longer on early part of whorl and almost uniting into raised 
circular ribs; sutures slightly depressed, straight to very 
slightly curved back towards the periphery; prominent, 
raised, circular to subcircular, glassy boss with several 
prominent pits; boss surrounded by an area, up to half the 
diameter of the shell, covered by increasingly thickened 
shell; chamber walls lined with coarse papillae, becoming 
more raised and hispid over earliest chambers on the whorl. 
Greatest diameter 0.5-0.6 mm; width/thickness ratio 
1.8-2.2. 

REMARKS: This species is characterised by its raised, glassy 
boss, its coarsely papillate wall ornament and narrow pe
ripheral keel. It is similar to the fossil New Zealand spe
cies E. kanoum. from which it is distinguished by its weaker 
septal bridges, especially on later parts of the whorl. 

TYPE LOCALITY: Tonga, Vava'u, 30 m (F20 1 081), Recent. 

HOLOTYPE: TFI6571I 

PARATYPES: 3 paratypes (TFI657/2-3); 3 paratypes 
(USNM487683) from type locality. 

PRESENT-DAY GEOGRAPHIC DISTRIBUTION (Fig. 20): This spe
cies is only known from the type locality in Tonga. 

ECOLOGIC DISTRIBUTION: E. vavauense occurs in the deeper 
(30 m), sheltered parts ofVava'u Harbour in normal ma
rine salinity in a diverse fauna dominated by Textularia. 
Quinqueloculina. Operculina, Cibicides. Tinoporus and 
Amphistegina. 

ETYMOLOGY: From the type locality, Vava'u Island, Tonga. 
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Elphidium vellai Hayward n.sp. 
PI. 17, Figs 4-7 

DESCRIPTION: Test of small to medium size; outline circu
lar to slightly lobulate; profile moderately compressed with 
parallel or slightly concave sides; broadly rounded periph
ery with no keel; 8-9 slightly inflated chambers per adult 
whorl; radial ribs lacking; 3-6 short, septal bridges span 
each suture; sutures depressed, straight to slightly curved 
backwards towards the periphery, and lined with sparse 
fine papillae; umbilical area small, depressed, lacking tu
bercles; chamber walls coarsely perforate and usually 
golden brown; apertural face finely perforate, Maximum 
diameter 0.35-0.45 rum; width/thickness ratio 2.3-2.7', 

REMARKS: E. vellai has similar coarsely perforate wall tex
ture, brown colour and overall shape to E. gunteri. from 
which it differs in its shorter septal bridges and lack of 
umbilical tubercles, It differs from E. excavatum group by 
its coarser wall texture. E. vellai is similar to the coarsely 
perforate Caribbean species, E. poeyanum (PI. 15, Figs 
10-11), from which it differs by its colour, thicker shell, 
and more inflated profile. E. vellai differs from the Re
cent E. wordeni McCulloch (1977) in its more coarsely 
perforate walls, its golden brown colour and more regular 
septal bridges. 

TYPE LOCALITY: New Zealand, South Island, Marlborough, 
Queen Charlotte Sound, off Ship Cove, 16 m, L631, Re
cent. 

HOLOTYPE: TFI65811 

PARATYPES: 7 paratypes (TFI658/2-3); 9 paratypes 
(AK74001); 9 paratypes (USNM487684) from type lo
cality. 

PRESENT-DAY GEOGRAPHIC DISTRIBUTION (Figs 20, 24): 
E. vellai seems to be endemic to New Zealand, where it is 
currently only known from the Marlborough Sounds area 
in the northern South Island and in the Waitemata Har
bour in the North Island, 

ECOLOGIC DISTRIBUTION: E. vellai occurs in near normal 
salinity waters in muddy sand in the semi-exposed open 
mouth of Queen Charlotte Sound, Marlborough. We have 
recorded it from depths ranging between 0,5 and 40 m, 
with its greatest abundance (20-40% ofthe fauna) at 10-
20 m depth, in association with common Notorotalia. 
Evolvocassidulina. Haynesina. Loxostomum. Bulimina and 
E. charlottense. 

ETYMOLOGY: After prominent New Zealand foraminiferal 
micropaleontologist, Paul Vella, whose pioneer study of 
New Zealand's Recent foraminifera (Vella, 1957) included 
the description of E. charlottense from the type area of 
this species. 



Elphidium vitreum Collins 
PI. I, Fig. 1-2 

Elphidium vitreum COLLlNS 1974, p.43, pl.3, figs. 35a-c. 

DESCRIPTION: Test of small to medium size; outline circu
lar, slightly lobulate; profile moderately compressed with 
parallel or slightly convex sides; acutely rounded periph
ery with no keel nor thickened band; 12-15 non-inflated 
chambers per adult whorl; surface ornament lacking; short, 
septal bridges span each suture beneath translucent, im
perforate shell that fills each suture; sutures straight to 
slightly curved backwards towards the periphery, narrow 
and flush with chamber surfaces; thread-like septal canals 
visible through translucent walls; umbilical area flat, filled 
with transparent glassy, imperforate umbo; apertural face 
ornamented with fine papillae; chamber walls finely per
forate and glassy. Maximum diameter 0.3-0.6 mm; width/ 
thickness ratio 2.2-2.6. 

REMARKS: E. vitreum is distinguished from all other spe
cies in the South-west Pacific by its glassy, translucent walls 
and flush, glassy sutures through which internal septal 
bridges can be easily seen. 

TYPE LOCALITY: Australia, Victoria, Port Phillip survey 
stn. 62-99, (Vict.Mus. F42261), Recent. 

TYPE SPECIMENS SEEN: Holotype (Vict.Mus. F42147). 

PRESENT-DAY GEOGRAPHlC DISTRIBUTION (Fig. 21): E. vitreum 
appears to be endemic to Victoria, southern Australia, 
where it is known only from just inside the entrance to 
Port Phillip Bay. 

ECOLOGIC DISTRIBUTION: E. vitreum is only known from 
relatively sheltered subtidal sand in normal salinity (Collins 
1974), in a fauna dominated by Quinqueloculina, 
Triloculina, Elphidium, Ammonia and Rosalina. 

ETYMOLOGY: Named for its glassy or vitreous appearance. 

Elphidium wadeae (Hornibrook) 
PI. 17, Figs 8-13 

Parrellina wadeae HORNIBROOK 1961, p.142, pl.l8, fig.386, 
p\.28, figs.548.549; HORNIBROOK 1996, p. 39, pI. 19, 
figs.7-9. 

DESCRIPTION: Test of medium to large size; outline smoothly 
circular to slightly lobulate; profile moderately compressed 
with flat or slightly convex sides; periphery acute with 
strong, narrow keel; 12-20 non-inflated chambers in adult 
whorl; sutures depressed, strongly curved back towards 
periphery; leading edge of each chamber slightly raised, 
with a narrow radial rib especially at the umbilical end or 
disjointed sections of rib or no rib at all; 5-9 narrow, long, 
septal bridges extend most or all of the way across each 
chamber; sparse, coarse papillae ornament chambers be
tween septal bridges and cover much of the apertural face; 

shallow umbilical area filled with a cluster of tubercles. 
Greatest diameter 0.5-0.8 inm; width/thickness ratio 
2.8-3.2. 

REMARKS: E. wadeae is characterised by its strong, nar
row septal bridges and keel; irregular or absent radial ribs 
and its umbilical tubercles. It is most similar to E. kanoum 
which has a glassy umbonal boss rather than umbilical tu
bercles. It also resembles Parrellina verriculata from the 
Australian Recent, but E. wadeae differs in lacking any 
slightly wavy ribs and in having papillae over the apertural 
face rather than fine ribs. E. wadeae lacks the ornament 
typical of the Notorotaliinae and is clearly more closely 
associated with some Elphidium species than our restricted 
concept of Parrellina. 

TYPE LOCALITY: New Zealand, Southland, Chatton, G45/ 
f8499, late Oligocene (Duntroonian). 

TYPE SPECIMENS SEEN: Holotype (TFI429/1), 2 paratypes 
(TFI429/2). 

PALEOGEOGRAPHIC DISTRIBUTION (Fig. 39): E. wadeae has 
only been recorded from New Zealand, with scattered 
Oligocene occurrences in both islands and early Miocene 
occurrences in the South Island. 

NEW ZEALAND STRATIGRAPHIC DISTRIBUTION: Early Oligo
cene to early Miocene (early Whaingaroan to Otaian). 

NEW ZEALAND PALEOECOLOGIC DISTRIBUTION: E. wadeae is 
never a dominant member of benthic foraminiferal asso
ciations, but may occur in relative abundances up to c. 5% 
of the total fauna. Most of these faunas (e.g. R 14/f6541, 
138/f7607, L28/f7504, F45/f9494) contain less than 5% 
planktics and are dominated by combinations of Textularia, 
Quinqueloculina, Amphistegina, Bolivina, Buliminel/a, 
Cibicides. Cribrorotalia, Elphidium crispum crispum, 
Gyroidina aI/ani, Melonis and Notorotalia. These faunas 
are typical of inner shelf depths (c. 0-50 m). E. wadeae 
occurs in low numbers in a few faunas (e.g. M34/f7I) with 
c. 30% planktics and dominated by Haueslerel/a, 
Anomalinoides, Bolivina, Bulimina pupula, Cibicides, 
Lenticulina, Nonionella and Notorotalia. These faunas are 
typical of mid to ourer shelf depths (Hayward 1986). 

It appears that E. wadeae lived in normal marine environ
ments mostly at inner shelf depths (c. 0-50 m) in moder
ate to high energy situations. 

ETYMOLOGY: Named "after Mary Wade, of the University 
of Adelaide, in recognition of her valuable contribution to 
the knowledge of Parrel/ina (Wade, 1957)" - Homibrook 
(1961). 
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Subfamily NOTOROTALIINAE Hornibrook, 1961 

DIAGNOSIS: Test trochospiral. 

SOUTH-WEST PACIFIC CONSTITUENT GENERA: 
Cribrorotalia, New Zealand, Australia, Eocene-Miocene 
Cristatavultatus, Australia, SW Pacific islands, Recent 
Discorotalia. New Zealand, Oligocene-Miocene 
Notorotalia. New Zealand, Australia, Eocene-Recent 
Parrellina. Australia, ?Oligocene-Recent 

Genus Cristatavultatus Loeblich & Tappan 

Cristatavultatlls Loeblich & Tappan, 1994 

TYPE SPECIES: Elphidium pacificum Collins, 1958 

DIAGNOSIS: Test inflated, irregularly trochospiral; crisp ir
regular ribs over chambers and fine ribs extend over 
apertural face; aperture a single, large opening at the base 
of the apertural face. 

REMARKS: This genus differs from all others in the 
Notorotaliinae by its single, high aperture. 

SOUTH-WEST PACIFIC CONSTITUENT SPECIES: 
C pacijicus Australia. SW Pacific islands 

Cristatavultatus pacificus (Co II ins) 
PI. 17, Figs 14-15; PI. 18, Figs 1-3 

Elphidium pacijiclllll COLLINS 1958, p.421, p1.5, fig.13. 
Parrellina pacijica (Collins). HATTA & UJIlE 1992. p.204, 

p1.49. figs.8a-b. pI. 50. figs. I a-c. 
E/phidilllll lIlillellijorllle McCULLOCH 1977. p.222-3, p1.97. 

fig.12. 
Polystolllella millel/i (Heron-Allen & EarIand). CUSHMAN 

1924. p.48. p1.16. figs.8.9. 
E/phidilll1llllillel/i (Heron-Allen & Earland). CUSHMAN 1933. 

p.49. pi. II. figs.8a.b; CUSHMAN 1939. p.58. 
pI.16.iigs.22a.b: ALBANI 1968b. p.34. fig.156. 

Cristatavllitallls pacijiclls (Collins). LOEBLICH & TAPPAN 
1994. p.168. pl.377, figs.7.8. pl.378. figs. 1-3. 

Cnstatavultatus millelli (Heron-Allen & EarIand). LOEBLICH 
& TAPPAN 1994. p. 168. pl3 77, figs.I-6. 

DESCRIPTION: Test small to medium size, slightly 
trochospiral; outline lobulate; profile ovate, with involute 
side nearly flat and evolute side convex; periphery very 
broadly rounded; 7-9 strongly inflated chambers in adult 
whorl; sutures deeply impressed to channelised, radial; no 
radial or sutural ribs; numerous, narrow, fine, irregular, 
transverse rib lets ornament the later chambers, and develop 
into an anastomosing network of crisp, sharp ridges on 
earlier chambers; apertural face ornamented with narrow, 
fine rib lets radiating outwards from around the aperture; 
aperture a large semicircular opening located at the base 
of the apertural face; coarsely perforate wall texture. Great
est diameter 0.8-1.0 mm; width/thickness ratio 3.2-3.6. 

RlMARKS: This species has for many years been confused 
with E/phidiul11 milletti from the west Indian Ocean. Close 
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examination shows the two species to be quite distinct and 
that E. milletli may be best placed in the genus Parrellina. 
Cristatavultatus pacificus differs from Parrel/ina milletti 
in its slight trochospiral coiling, its more deeply incised 
sutures, its stronger ribs and much larger aperture. 

TYPE LOCALITY: Not designated, but Collins (1958) mate
rial is from 600 m depth in Trinity Opening, off the Great 
Barrier Reef, Queensland, Recent. 

PRESENT-DAY GEOGRAPHIC DISTRIBUTION (Fig. 21): 
Cristatavultatus pacificus occurs in the tropical West Pa
cific, from the Ryukyus Islands (Hatta & Ujiie 1992), Phil
ippines (McCulloch 1977), northern Australia (Loeblich 
& Tappan 1964), Queensland, Vanuatu, Fiji, Tonga and 
Samoa (this study). 

ECOLOGIC DISTRIBUTION: C. pacificus appears to live in nor
mal marine salinity at inner shelf depths on the sandy slopes 
of coral reefs around the tropical shores of Queensland 
and many Pacific islands. It occurs in faunas dominated 
by combinations of Textularia. Quinqueloculina, 
Spiroloculina. Amphistegina. Elphidium, Operculina and 
Reusella. Small numbers of specimens, including the 
holotype, have come from greater depths and are inferred 
to have been transported downslope following their death. 

ETYMOLOGY: Name refers to this species' distribution in 
the Pacific Ocean. 

Genus Discorotalia Hornibrook, 1961 

Discorotal ia Horni brook, 1961 

TYPE SPECIES: Polystomel/a tenuissima Karrer, 1864 

DIAGNOSIS: Test compressed, discoidal; partly evolute on 
the spiral side, involute on the umbilical side; no umbili
cal plug; surface with narrow inter sutural ribs extending 
between sutural ribs; aperture consisting of small rimmed 
areal pores near the base of the apertural face. 

REMARKS: Discorotalia is distinguished from the more 
common and widespread southern Hemisphere genus 
Notorotalia by its more compressed, discoidal test and in
completely trochospiral coiling. 

NEW ZEALAND PALEOGEOGRAPHIC DISTRIBUTION (Fig. 41): 
Discorotalia appears to be endemic to New Zealand. 

SOUTH-WEST PACIFIC RECENT SPECIES: None 

FOSSIL NEW ZEALAND SPECIES: 
D. aranea New Zealand early-middle Miocene 
D. tenuissillla New Zealand. Oligocene- middle Miocene 

NEVi ZEALAND STRATIGRAPHIC RANGE: Oligocene-Miocene. 



Discorotalia aranea (Hornibrook) 
PI. 18, Figs 4-6 

Notorotalia aranea HORNIBROOK 1958, p.662, figs. 12-14. 
Discorotalia aranea (Homibrook). HORNIBROOK et al. 1989, 

p.155, figs.36:2a-c. 

DESCRIPTION: Small evenly rounded test; strongly com
pressed with acutely rounded periphery, lacking a distinct 
keel; involute on one side and partly evolute on the other; 
14-15 chambers in adult whorl; chambers curved strongly 
backwards towards periphery; strong reticulate ornament 
consisting of narrow, radiating, sometimes discontinuous 
sutural ribs, and 3-5 narrow transverse ribs extending 0.5 
to 0.8 of the width of each chamber; umbilical ornament 
of irregular narrow ribs; apertural face relatively smooth. 
Greatest diameter 0.25-0.35 mm; width/thickness ra
tio 4-5. 

REMARKS: D. aranea is distinguished from D. tenuissima 
by its smaller size, its more numerous chambers, its fewer 
transverse ribs and its lack of peripheral keel. 

TYPE LOCALITY: Otago, Oamaru, 141/f8790, Old Rifle 
Butts, early Miocene (Altonian). 

TYPE SPECIMEN SEEN: Holotype (TFI3311l). 

NEW ZEALAND PALEOGEOGRAPHIC DISTRIBUTION (Fig. 41): 
D. aranea is only known from the South Island of New 
Zealand. It occurs throughout the South Island (West Coast, 
Canterbury and Southland Basins) in the early Miocene, 
but appears to persist after this only in the Southland Ba
sin. 

NEW ZEALAND STRATIGRAPHIC DISTRIBUTION: Early to mid
dle Miocene (Otaian-Waiauan). 

NEW ZEALAND PALEOECOLOGIC DISTRIBUTION: D. aranea has 
always been found in low relative abundances (c. less than 
2% of total benthic fauna). It occurs in faunas (eg. M341 
f7038, 141/f8793, D45/f8624) with 2-20% planktics, 
dominated by combinations of the benthics Haeuslerella, 
Quinqueloculina, Anomalinoides, Cibicides, Bolivina, 
Discorotalia tenuissima, Florilus, Nonionella and 
Notorotalia, that are inferred to have accumulated in a 
variety of inner, mid and perhaps outer shelf environments 
(c. 10-150 m depth). 

It appears that D. aranea lived in normal salinity condi
tions, with greatest abundance at mid shelf depths (c.50-
100 m) but also extending into inner and outer shelf depths. 

ETYMOLOGY: Name refers to this species' mostly sandy 
(or arenaceous) habitat. 

Discorotalia tenuissima (Karrer) 
PI. 1, Fig. 5; PI. 18, Figs 7-9 

Polystomella tenuissima KARRER 1864, p.80, p1.16, fig. 12. 
Discorotalia tenuissima (Karrer). HORNIBROOK 1961, p. 141, 

p1.18, figs.387-8, p\.28, fig.547; HORNIBROOK 1968, p.98, 
fig. 20; HOFKER 1969, p.470, figs.45-56; HORNIBROOK 
1971, p.21, pl.3, figs. 50-54; HORNIBROOK et at. 1989, 
p.155, figs.36: I a,b; HORNIBROOK 1996, p. 39, pI. 19, 
figs.I-6. 

Polystomella macella Fichtel & Moll. CHAPMAN 1926, p.89, 
pI. I, figs. 15, 16, p1.17, fig.13. 

DESCRIPTION: Moderately large evenly rounded test, 
strongly compressed with acutely rounded periphery and 
weak, narrow, rounded keel; involute on one side and partly 
evolute on the other; 10-15 chambers in adult whorl; cham
bers curved strongly backwards towards periphery; strong 
reticulate ornament consisting of narrow, radiating sutural 
ribs, sometimes discontinuous towards the periphery, and 
7-8 narrow transverse ribs extending most or all the full 
width of each chamber; umbilical ornament of irregular 
narrow ribs; chamber walls ornamented with very fine 
papillae; apertural face ornamented with fine papillae, a 
straight, very fine riblet running up the centre and short 
radiating riblets on each side. Greatest diameter 0.45-0.9 
mm; width/thickness ratio 3.5-5. 

REMARKS: D. tenuissima is distinguished from D. aranea 
by its larger size, coarser ornament and greater degree of 
uncoiling on the evolute side. 

TYPE LOCALITY: RII/f7555, Auckland, Hobson Bay, Orakei 
Greensand, early Miocene (Otaian). 

TYPE SPECIMENS SEEN: Matched topotypes (FP20 19-20). 

NEW ZEALAND PALEOGEOGRAPHIC DISTRIBUTION (Fig. 41): 
D. tenuissima is apparently endemic to New Zealand, 
where it occurs throughout the country in the Oligocene 
and early Miocene, although it is more common and abun
dant in the south than the north. D. tenuissima persists 
into the middle Miocene but is only known in the South 
Island during this period. 

NEW ZEALAND STRATIGRAPHIC DISTRIBUTION: Early 
Oligocene to middle Miocene (late Whaingaroan
Waiauan). 

NEW ZEALAND PALEOECOLOGIC DISTRIBUTION: D. tenuissima 
is not a dominant member of any known fauna but may 
occur in relative abundances up to c. 5% ofthe total benthic 
foraminifera. In the Oligocene (e.g. L281f7504, I381f7628) 
it occurs in faunas with c. 1-10% planktics, dominated by 
the benthics Gaudryina, Textularia, Amphistegina, 
Bolivina, Buliminella, Cibicides, Cribrorotalia, Elphidium 
crispum crispum, Discorbis, Globocassidulina and 
Melonis maorica, and inferred to have lived at inner shelf 
depths. In the Miocene (e.g. M341f7038, I381f7607, 1411 
f8498, D45/f8487) D. tenuissima mostly occurs in faunas 
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with c. 2-10% planktics, dominated by combinations of 
the benthics Gaudryina, Textularia, Quinqueloculina, 
Amphistegina, Bolivina, Buliminella, Cibicides, 
Cribrorotalia, Discorbis, Florilus stachei, Melonis, 
Notorotalia spinosa and Pi/eo/ina, and inferred to be in
ner shelf assemblages from exposed to moderately shel
tered environments (Hayward 1986). D. tenuissima also 
occurs occasionally in lower abundances in faunas (e.g. 
M34!t71, 141/f8498, D45/f8477) with 20-30% planktics, 
dominated by benthics Haeuslerella, Anomalinoides, 
Bolivina, Cibicides, Ehrenbergina, Gyroidina, Lenticulina, 
Nonionella and Notorotalia, that are inferred to have lived 
at mid to outer shelf depths (Hayward 1986) 

It appears that D. tenuissima lived in normal marine salin
ity, in greatest abundance at inner shelf depths (c. 0-50 
m), in high to moderate energy situations. It may also lived 
in lower abundances at mid to outer shelf depths (c. 50-
200 m), although postmortem transport down into these 
depths cannot be discounted. 

ETYMOLOGY: From the Latin "tenuis" meaning thin, pre
sumably referring to the thin, flattened shell. 

Genus Parrellina Thalmann, 1951 

Parrel/ina Thalmann 1951 
Elphidioides Parr. 1950 (non Elphidioides Cushman, 1945) 

TYPE SPECIES: Polystomella imperatrix Brady, 1881, p.66. 

DIAGNOSIS: Test planispiral, bilaterally symmetrical, in
volute to slightly evolute; sutural canal system opens into 
a single row of indistinct pores, quite different from the 
characteristic sutural fossettes of Elphidium: narrow, raised, 
often slightly wavy sutural ribs, linked by a series of simi
lar intersutural ribs, at times forming an anastomosing pat
tern of ornament; apertural face strongly ornamented all 
over with radiating pustules and/or fine ribs; aperture a 
series oflarge circular pores at base ofapertural face. 

REMARKS: In our opinion this genus, characterised by its 
type species P imperatrix, is closely linked to Notorotalia 
and has not evolved from Elphidium. We restrict it purely 
to those species having typical Notorotalia-like ornament. 
with narrow, raised, often slightly wavy sutural and 
intersutural ribs, radiating ribs on the apertural face and 
lacking the characteristic sutural fossettes and septal 
bridges of the Elphidiidae. 

There has been considerable confusion as to the diagnos
tic characteristics of this genus, which have led to differ
ing opinions as to which subfamily or family it should be 
placed in. We follow Hornibrook (1961), Hofker (1969) 
and Loeblich & Tappan (1988) in placing it in the 
Notorotaliinae of the Elphidiidae. We note that Hornibrook 
(1996) has proposed raising the status of the Notorotaliinae 
to family level. 
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SOUTH-WEST PACIFIC CONSTITUENT SPECIES: 
P. imperatrix Australia 
P. papillosa Australia 
P verriculata Australia 

PRESENT-DAY GEOGRAPHIC RANGE: Australia 

Parrellina imperatrix (Brady) 
PI. 18, Figs 10-12 

Polystomella imperatrix BRADY 1881, p.66, pl.ll 0, figs.13-
15. 

Elphidioides imperatrix (Brady). PARR 1950, p.373. 
Elphidium imperatrix (Brady). PARR 1945, p.217; ALBANI 

1968a, p.112, p1.9, figs. 13-14; ALBANI 1968b, p.34, fig. I 54; 
ALBANI 1970, p.73. 

Parrellina imperatrix (Brady). THALMANN 1951, p.224; 
HOFKER 1969, p.478, figs. 57-73; LOEBLICH & TAPPAN 
1964, fig.513(3); PALMIERI 1976b, p.414; YASSINI & 
JONES 1988, p.263, fig.17, nos.I-2; ALBANI & YASSINI 
1993, p.32. figs.83-87; YASSINI & JONES 1995, p.180, 
figs. I 044-5. 

DESCRIPTION: Test large, slightly evolute; profile strongly 
compressed and parallel-sided; periphery acute with nar
row keel and 4-5 strong, rod-like peripheral spines per 
whorl; 12-17 slightly inflated chambers in adult whorl; 
sutural ribs narrow, fine, slightly irregular; sutures flush to 
slightly depressed, curved backwards towards the periph
ery; 8-12 narrow, wavy or irregular, transverse ribs ex
tend over the full width of each chamber; sutural and trans
verse ribs become irregular and anastomosing over the 
wide, flat umbilical area; numerous fine papillae cover the 
test wall between the ribs; apertural face ornamented with 
fine, papillate riblets radiating out from the apertural area. 
Greatest diameter 0.8-1.0 mm; width/thickness ratio 3-4. 

REMARKS: Parrellina imperatrix is the genotype of 
Parrellina and is easily distinguished by its 4-5 long, solid 
spines per whorl. 

TYPE LOCALITY: Not given by Brady, presumably Australia, 
Sydney, 4-20 m, Recent. 

PRESENT-DAY GEOGRAPHIC DISTRIBUTION (Fig. 21): 
P imperatrix is only recorded from the coast of Australia 
(Queensland, New South Wales, Victoria and Tasmania). 

ECOLOGIC DISTRIBUTION: P imperatrix lives around the coast 
of eastern Australia in normal marine salinity, mostly at 
inner shelf depths. It is particularly common in the open 
mouths of large estuaries and bays at 5-30 m depth (e.g. 
Albani 1968, 1978) in association with faunas dominated 
by combinations of Reophax, Textularia, Gaudryina, 
Spiroloculina, Quinqueloculina, Peneroplis, Triloculina, 
Discorbis and Elphidium. 

ETYMOLOGY: From the Latin "imperator" meaning emperor, 
possibly because the peripheral spines may be said to pro
duce a crown effect. 



Parrellina papillosa (Cushman) 
PI. 18, Figs 13-14 

£Iphidium papillosum CUSHMAN, 1936, p.83, p1.14, fig.12. 
Parrel/ina papil/osa (Cushman). ALBAN I 1978, p.388, fig.9G: 

ALBANI & YASSINI 1993, p.32, figs.88-89,92-93; 
YASSINI & JONES 1995, p.181, figs. I 063-5. 

Parrel/ina verriculata (Brady). HOFKER 1969, figs.77-78. 

DESCRIPTION: Test large; outline smoothly circular; profile 
moderately compressed with flat sides; periphery broadly 
rounded with no keel; non-inflated chambers, sutures and 
flat umbilical area completely obscured by ornament; or
nament of numerous, large, close-spaced papillae often 
fused together in twos or threes to form short wavy or 
worm-like irregular costae; papillae around the periphery 
on the early part of the whorl are stronger and more regu
larly circular; apertural face ornamented with numerous, 
wavy, radiating rib lets and papillae; chamber walls not 
visible. Greatest diameter 1.0-1.5 mm; width/thickness 
ratio 2.0-2.5. 

REMARKS: The shape, ornament style and apertural face 
characters all suggest that this species is most appropri
ately placed in the genus Parrellina, even though it lacks 
the typical narrow, wavy sutural and intersutural ribs. 
Parrellina papillosa is readily distinguished from all oth
ers by its dense ornament that obscures all chambers and 
sutures. 

TYPE LOCALITY: Australia, New South Wales, 25 km east 
of Wollongong, 200 m, Recent. 

TYPE SPECIMENS SEEN: Holotype (CC23027), 2 paratypes 
(CC23026). 

PRESENT-DAY GEOGRAPHIC DISTRIBUTION (Fig. 2 I): 
P papi/losa appears to be endemic to the east coast of 
Australia where it is only recorded from New South Wales 
and Queensland (Albani & Yassini 1993, this study). 

ECOLOGIC DISTRIBUTION: P papi/losa lives in normal ma
rine salinity at inner shelf depths and possibly deeper, es
pecially in the open entrance to large harbours or bays 
(e.g. Albani 1978) in association with Textularia, 
Quinqueloculina, Triloculina, Cibicides, Elphidium and 
Rosalina. 

ETYMOLOGY: For its papillose surface ornament. 

Parrellina verriculata (Brady) 
PI. 19, Figs 1-3 

Polvstomel/a verriculata BRADY 1881, p.66: BRADY 1884. 
p. 738, pi. II 0, fig. 12: CHAPMAN, 1907, p.142, pi. I O. fig. I 0: 
CUSHMAN 1939. p.61, pl.17, fig.13. 

£Iphidiumjenseni (Cushman). YASSTNT & JONES 1988. p.263. 
p1.17, nos.7-8. 

£Iphidioides verriculatus (Brady). PARR 1950. p.374. p1.15. 
fig.17. 

Parrellina verriculata (Brady). ALBANI & YASSINI 1993, p.34, 
figs.97-102, 105; HOFKER 1969, p.478, figs.74-76, 79-85; 
PALMIERI 1976b, p.414; YASSINI & JONES 1995, p.181, 
figs. I 014,1041,1062. 

DESCRIPTION: Test large, involute; profile strongly com
pressed and parallel-sided; periphery broadly rounded with 
or without a narrow irregular keel; 11-14 non-inflated 
chambers in adult whorl; sutural ribs narrow, fine, slightly 
wavy; sutures flush, curved backwards towards the periph
ery; 8-10 narrow, wavy or straight, transverse ribs extend 
over the full width of each chamber, linking up with the 
sutural ribs on both sides; sutural and transverse ribs are 
more irregular and anastomosing over the earlier cham
bers in the whorl and may form a strong regular reticulate 
pattern over the later or more adult chambers; flat umbili
cal area filled with several small wavy ribs or strong pa
pillae; numerous fine papillae may cover the test wall be
tween the ribs; apertural face ornamented with narrow, fine 
riblets radiating outwards from the apertural area. Great
est diameter 0.8-1.0 mm; width/thickness ratio 3.2-3.6. 

REMARKS: Parrel/ina verriculata is very similar to 
Parrellina imperatrix, from which it is mainly distinguished 
by the lack of peripheral spines. 

TYPE LOCALITY: Not stated, but probably the site of Brady's 
figured specimen in Bass Strait, Challenger Station 162, 
80 m, Recent. 

PRESENT-DAY GEOGRAPHIC DISTRIBUTION (Fig. 21): 
P verriculata appears to be endemic to the east coast of 
Australia, where it has been recorded from the coast of 
Queensland to Victoria (Brady 1884, Albani & Yassini 
1993, Collins 1974, this study). 

ECOLOGIC DISTRIBUTION: P verriculata lives in normal ma
rine salinity at inner shelf depths and possibly deeper, es
pecially in the open entrance to large harbours or bays 
(e.g. Collins 1974) in association with Textularia, 
Quinqueloculina, Triloculina, Cibicides and Elphidium. 

ETYMOLOGY: From the Latin "verriculum" meaning net, 
probably relating to the surface rib ornament. 

Family NONIONIDAE 

DIAGNOSIS: Test planispiral to slightly asymmetrical; wall 
usually optically granular, rarely radial; no sutural canal 
system, septal bridges or retral processes. 

Genus HaYllesilla Banner & Culver 

Haynesilla Banner & Culver, 1978 

DIAGNOSIS: Test planispiral, bilaterally symmetrical; su
tures radial, slightly curved, deeply incised near the um
bilicus; chamber walls bend inward posteriorly and fuse 
to the preceding septal face to form narrow intercameral 
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lacunae; umbilicus narrow, open; tubercles cover base of 
apertural face, umbilicus and inner part of sutures; pri
mary aperture a low interiomarginal arch; internally an 
interiomarginal aperture connects intercamerallacunae to 
the following chamber; supplementary areal apertures may 
connect lacunae to both preceding and following cham
bers. 

REMARKS: This genus is distinguished from Elphidium by 
the absence of septal bridges and numerous interiomarginal 
apertures; from Nonion by the presence of intercameral 
lacunae, open tuberculate umbilici and optically radial 
walls. 

Haynesina depressu/a (Walker & Jacob) 

Nautilus depressulus WALKER & JACOB 1798, p.641, fig.33. 

DESCRIPTION: Planispiral, evenly rounded to lobulate, in
volute test; compressed with rounded periphery; 8-14 
chambers in final whorl; sutures curved backwards, slightly 
depressed in early portion, becoming deeply depressed; 
large umbilicus filled with tubercles which extend along 
the sutures producing a star shape; aperture a series of 
pores at base of apertural face, partly obscured by tuber
cular ornament; very finely perforate wall texture. Great
est diameter 0.3-0.65 mm; width/thickness ratio 2.1-2.9. 

REMARKS: This species name is applied in the sense of 
Hayward and Hollis (1994). It appears that the species 
attains a greater size and is less compressed in the South
west Pacific than is known in the British Isles where its 
greatest diameter rarely exceeds 0.4 mm and inflation is 
usually> 3 (Murray 1965; Haynes 1973). 

Two subspecies are recognised in this study, one without 
an umbonal boss (ssp. depressula) and one with an umbonal 
boss (ssp. simplex). 

PRESENT-DAY GEOGRAPHIC DISTRIBUTION: Haynesina 
depressula is widespread in nearshore environments in both 
the Pacific and Atlantic Oceans. 

SOUTH-WEST PACIFIC CONSTITUENT SPECIES AND SUBSPECIES: 
H. depressllia depressliia Australia. New Zealand. SW Pacific 

islands 
H. depressliia simple.y Australia. SW Pacine islands 

NEW ZEALAND FOSSIL SPECIES AND FORMS: 
H. depressula depressula New Zealand 

NEW ZEALAND STRATIGRAPHIC RANGE: Oligocene to Recent. 

HaYllesina depressu/a depressu/a (Walker & Jacob) 
PI. 1, Figs 6,10; PI. 19. Figs 4-7 

iV-alltlllis depresslilus WALKER & JACOB 1798, p.64I, fig.33. 
Nonionina depressula Walker & Jacob. HAEUSLER 1887. 

p.200: CHAPMAN 1926. p.88. p1.17. fig. II. 
Nonionina aSleri::ans (Fichtel & Moll). HERON-ALLEN & 

EARLAND 1922. p.226. 
Elphidillm silllple.y Cushman. GREGORY 1973. p.198. fig.2. 
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no.5; TOPPING 1973, p.32, p1.9, figs.6-8; THOMPSON 
1975, p.88: HOSKINS 1978, p.274; ADAMS 1979, p.145; 
HAYWARD 1979, p.184, fig.3g; BROOK et al. 1981, p.90; 
HAYWARD 1981, p.132, fig.3d; HAYWARD & GRACE 
1981, p.52; CAMPBELL et al. 1993, table 4.31; COLLEN 
1995, pl.l 0, figs. 9-10. 

Elphidiononion simplex (Cushman) aoteanurn VELLA 1957, 
p.38, p1.9. fig. 185, 186; KUSTANOWICH 1965, p.53. 

Elphidiononion aoteanurn Vella. VELLA 1962, p.192. 
Nonion depressulurn (Walker & Jacob). PARR 1945, p.215; 

MURRAY 1965, p.148, pl.25, fig.6,7, p1.26, fig.7,8; 
APTHORPE 1980 (in part), p1.27, fig. I I ; HAYNES 1973, 
p.209, p1.22, fig.8-11, p1.29, fig.9, text-fig.44, no.I-3. 

Cribroelphidiurn simplex (Cushman). HEDLEY et al. 1967, p.47, 
p1.l2, fig.la,b; COLLEN 1983, p.15,19,24,32. 

Cribrononion simplex (Cushman). LEWIS 1979, p.35; YASSINI 
& JONES 1995, p.179. figs. I 051-2, I 057-8. 

Elphidiurn spinaturn Cushman & Valentine. COLLEN 1983, p.8. 
Cribroelphidiurn spinaturn (Cushman & Valentine). COLLEN 

1983, p.28. 
Haynesina depressula (Walker & Jacob). BANNER & CULVER 

1978, p.200, pl.IO, fig.l-lO; HAYWARD 1982a, fig.5d; 
HAYWARD 1990b, p.96; HAYWARD et al. 1984, p.163; 
HAYWARD e/ af. 1994, fig.4B; HAYWARD & HOLLIS 
1994. p1.5, fig.13-16; HAYWARD & TRIGGS 1994, p1.2, 
fig. 13; HAYWARD & GRENFELL 1994, fig.25;HAYWARD 
et af. 1996, p1.2, figs.12-13. 

Nonion tuberculaturn (d'Orbigny). HAYWARD & BUZAS 1979, 
p.66, p1.22, figs.272,273. 

DIAGNOSTIC FEATURES: This subspecies is distinguished by 
its lack of a solid umbonal boss and the presence of densely 
packed tubercles in the broad, depressed umbilicus. 

REMARKS: This subspecies conforms well with specimens 
illustrated from the type area in the United Kingdom 
(Murray 1965, Haynes 1973, Banner & Culver 1978). Ex
amination of the types of Elphidiononion simplex var. 
aoteanum (TF 1305/ 1-2, USNM689249, VFp76) from the 
Recent of New Zealand, show that it is ajunior synonym 
of Haynesina depressula depressula. 

Examination of Collen's (1983) recorded specimens of 
E. spinatum from the Pliocene ofWanganui region shows 
that they are damaged tests of H. depressula depressula 
with spinose projections remaining on the outside of an 
earlier whorl, where chambers were attached and have 
broken ofT. 

TYPE LOCALITY: England, Kent, Recent. 

PRESENT-DAY GEOGRAPHIC DISTRIBUTION (Figs. 21, 24): 
Haynesina depressula depressula is widespread in mar
ginal to fully marine nearshore environments in the east
ern Pacific from California to Baja (Culver & Buzas 1986) 
and in the Atlantic around the British Isles (see Haynes 
1973), the GulfofMexico (Culver & Buzas 1981) and the 
Argentine coast (Boltovskoy et al. 1980). 

This is the only subspecies that occurs in New Zealand, 
including the Kermadec Islands, where it is a common 
member of nearshore communities (Adams 1979; Brook 
el al. 1981; Hayward 1979, 1981, 1990b; Hayward & 



Hollis 1994; Hedley et af. 1967; Thompson 1975; Top
ping 1973). 

In the tropical South-west Pacific (Cook, Fij i, Lord Howe, 
Samoa, Solomon, Tonga) and around eastern Australia 
(Queensland, New South Wales, Victoria), this subspecies 
is often, but not consistently, present in populations of 
Haynesina depressula that are always dominated by ssp. 
simplex (this study). 

ECOLOGIC DISTRIBUTION: In New Zealand H. depressula 
depressula is absent or very rare in brackish parts of estu
aries. It is most abundant (up to 40% of benthic 
foraminiferal faunas) in the sheltered, very slightly brack
ish seaward parts of enclosed harbours and inlets in low 
tidal or shallow subtidal (0-20 m) environments (Fig. 34), 
especially in associations dominated by E. advenum, Am
monia beccarii, E. excavatum or E. charlottense (Hayward 
& Triggs 1994, Hayward & Grenfell 1994, Hayward et af. 
1996). H. depressula depressula also occurs in lower abun
dances in normal marine salinity conditions at inner shelf 
depths, especially or more sheltered bays and sounds. It 
may live down to depths of about 75 m (e.g. Lewis 1979), 
with occasional tests transported to greater depths (e.g. 
Hoskins 1978). 

Around the east coast of Australia and the South-west Pa
cific islands H. depressula depressula lives in both slightly 
brackish and normal marine salinity, especially intertidally 
and in shallow subtidal depths in the outer parts of en
closed inlets, in the entrances to large bays and harbours, 
in the lee of fringing reefs and also at inner shelf depths on 
the exposed sandy slopes of islands and coral reefs. It lives 
in association with faunas dominated by combinations of 
Reophax, Textularia, Trochammina, Peneroplis, 
QUinqueloculina, Spiroloculina, Triloculina, Sorites, 
Ammonia, Bolivina, Discorbis, Elphidium and Reusella. 

NEW ZEALAND PALEOGEOGRAPHIC DISTRIBUTION (Fig. 42): 
H. depressula depressula occurs throughout both islands 
in the Oligocene, Miocene and Pliocene, but is unknown 
from the South Island in the Pleistocene. It also occurs on 
Chatham Island in the Pliocene and Pleistocene. 

NEW ZEALAND STRATIGRAPHIC DISTRIBUTION: Early 
Oligocene to Recent (Whaingaroan onwards). 

NEW ZEALAND PALEOECOLOGIC DISTRIBUTION: H. depressula 
in the New Zealand fossil record is never the dominant 
species in an assemblage, although it sometimes occurs in 
relative abundances up to c. 10% as a codominant. It oc
curs in faunas with c. 0-30% planktics dominated by vari
ous combinations of Haeuslerella, Textularia, 
QUinqueloculina, Ammonia, Anomalinoides, Bolivina, 

Buliminella, Cibicides, Cribrorotalia, Discorbis, 
Elphidium, Flori/us, Gyroidina, Lenticulina, Nonionella, 
Notorotalia and Virgulopsis. Most of these faunas are typi
cal of inner and mid shelf depths, although several with 
fewer Haynesina specimens may have accumulated in 
slightly deeper outer shelf locations. 
It appears that Haynesina depressula has lived in normal 
marine environments mostly at inner and mid shelf depths 
(c. 0-100 m), simi lar to the present day, throughout its 
Oligocene to Recent time range. 

ETYMOLOGY: Presumably named for its depressed um
bilicus. 

Haynesina depressula simplex (Cushman) 
PI. 19,Figs8-10 

Elphidium simplex CUSHMAN 1933, p.52, p1.12, fig.8,9; 
CUSHMAN 1939, p.62, pI. 17, fig. I 0; ALBANI 196830 p.113, 
pI I 0, fig.4; ALBANI 1968b, p.34, fig. 155; COLLINS 1974, 
p.42. 

Haynesina simplex (Cushman). ALBANI & YASSINI 1993, 
p.22, figs.36-42. 

Nonion depressulum (Brady). YASSINI & JONES 1986, p1.7, 
figs.17-18. 

Cribrononion simplex (Cushman). YASSINI & JONES 1995, 
p.179, fig. I 053. 

DIAGNOSTIC FEATURES: This subspecies is distinguished by 
the presence ofa circular boss that largely fills the umbili
cus. The boss is usually attached to earlier chambers in 
the whorl but separated from later chambers by a depressed, 
papillae-filled semicircular suture. 

REMARKS: This subspecies was described from the South
west Pacific as Elphidium Simplex by Cushman (1933). 

TYPE LOCALITY: Tonga, Vava'u, Recent. 

TYPE SPECIMENS SEEN: Holotype (CC 15674), 1 paratype 
(CCI5675). 

PRESENT-DAY GEOGRAPHIC DISTRIBUTION (Fig. 21): This sub
species is widespread throughout eastern Australia 
(Queensland, New South Wales, Victoria) and the tropical 
islands of the South-west Pacific (Cook, Fiji, Lord Howe, 
Samoa, Solomon, Tonga, Vanuatu). 

ECOLOGIC DISTRIBUTION: H. depressula simplex appears to 
I ive in the same wide range of slightly brackish and nor
mal marine salinity conditions at intertidal and inner shelf 
depths as H. depressula depressula. 

ETYMOLOGY: Presumably named for the simple appear
ance of the shell, lacking any ornament on the chambers. 
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TAXA RECOGNISED AS SUBJECTIVE JUNIOR SYNONYMS 

JUNIOR SYNONYM 

Elphidium advenum var. depressulum Cushman, 1933 
Elphidium articulatum multicameratum Collins, 1974 
Elphidillm earlandi avolonense Collins, 1974 
Elphidium gibsoni Hayward. 1979 
Elphidium granulosum Collins, 1974 
Elphidium gunteri carioense Collins, 1974 
£lphidium gunteri var. waddensis Voorthuysen, 1951 
Elphidium hornibrooki Srinivasan, 1966 
Cribrononion illawaraensis Albani & Yassini, 1993 
Polystomellajenseni Cushman, 1924 
Elphidium lauritaense Todd & Kniker, 1952 
Elphidium littorale Le Ca1vez & Le Calvez, 1951 
Polystomella macel/a var. aculeatum Silvestri, 1901 
Elphidium millettiforme McCulloch, 1977 
Elphidiul11 nigarense Cushman, 1936 
Elphidiwn nitidul11 Dorreen, 1948 
Elphidiul11 ol11otoensis Dorreen, 1948 
Elphidium parri Cushman, 1936 
Elphidilll11 patagonicul11 Todd & Kniker, 1952 
£lphidilll11 sculpturatul11 Cushman, 1936 
Elphidiononion sil11plex aoteanlll11 Vella, 1957 
Elphidilll11 subevollltlll11 Cushman, 1933 
Elphidillm slibinjlatlll11 Cushman, 1936 
ElphidiulI1 sllbplanatlll11 Cushman, 1936 
Cribroeiphidilll11 vadescens Cushman & Bronnimann. 1948 
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SENIOR SYNONYM 

E. advenlll11 lil11batlll11 
E. excavatlll11 willial11soni 
E. advenul11 lil11batul11 
E. crispul11 
E. phillipense (new name) 
E. excavatul11 willial11soni 
E. gunteri 
E. pseudoinjlatum 
E. excavatum clavatul11 
E. jichtel/ianlll11 
E. saginatul11 
E. gllnteri 
E. silvestrii (new name) 
C. pacificus 
E. pseudoinjlatul11 
E. schencki 
E. advenul11 advenul11 
E. craticulatul11 
E. hampdenense 
E. l11acel/ul11 
H. depress lila depress lila 
E. advenlll11 tongaense 
E. pselidoinjlatlll11 
E. jichteflianlll11 
E. gllnteri 
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APPENDIX I 
Recent elphidiid specimens examined from New Zealand, east Australia and 

South-west Pacific Islands 

Specimen and sample repositories 

CC Cushman Collection, held at Natural History 
Museum, Smithsonian Institution, 
Washington DC, USA 

F, FP, TF Institute of Geological and Nuclear Sciences Ltd, 
Lower Hutt, New Zealand 

L, AK Auckland Institute and Museum, Marine Depart
ments, Auckland, New Zealand 

NZOI New Zealand Oceanographic Institute, 
Wellington, New Zealand 

USNM Natural History Museum, Smithsonian Institu
tion, Washington DC, USA 

VF, VFp Victoria University of Wellington, Department 
of Geology, PO Box 600, Wellington, 
New Zealand 

Vict.Mus. F National Museum of Victoria, Melbourne, 
Australia 

KEY: LT, MT, HT, EHT = low, mid, high, extreme high tide 

Genus Elphidium 

Elphidium advenum advenum (Cushman) 
SW PACIFIC ISLANDS. Cook Is.: Rarotonga (F201639). Fiji: 

80-1 OOm (CC 19888); Mokaujar Anchorage (CC 19887); Suva 
(F201636); Suva, Lami, LT (F202148); Suva, Suva Point, 
LT (F202149); Levuka, 24m (CCI5706, CC15708, 
CC23017). Kermadec Is.: Cheeseman Is., 30m (F202268); 
Nugent Is., 16m (F202269); north Meyer Is .. 15m (Ll599). 
Lord Howe Is.: lagoon beach, MT (F202266). New Cal
edonia: Noumea, Anse Vata Beach (F20 1585). Norfolk Is.: 
off Captain Cook monument, 18m (F202332); 83 m (NZOI
G8). Samoa: Apia, 4m (F201642); Apia Harbour, Upolu 
(CCI3009). Solomon Is.: Malaita, MT (Ll402,3). Tonga: 
Vava'u, 8m (F201635); Vava'u, Hinakauea Beach. LT 
(F202150); Vava'u, Ahanga Passage, MT (F202154); Vava·u 
Anchorage (CC 19877). Vanuatu: Espiritu Santo, HT 
(L5736). 

Elphidium advenum botaniense Albani 
EAST AUSTRALIA. Queensland: Great Barrier Reef, 

Claremont Lightship (F20 1595); Great Barrier Reef. Piper 
Is. (F201127); Murray Is., 60m (USNM); Cape York, Albany 
Passage. 828m (CC9893); Port Denison (CC9878, CC230 11); 
Cape Bedford, 24m (F201594). New South Wales: Sydney, 
Watsons Bay (F20 1331. CC23014. CC23015); off 
Wollongong, 200m (USNM); Port Hacking, 80m (F20 1554); 
off Narrabeen, 160m (USNM). 

SW PACIFIC ISLANDS. Samoa: PagoPago Harbour, 26-32m 
(CC3290, CC3292, CC3295, CC 18896, CC23011). Solomon 
Is.: Malaita, MT (L1402,3). 

Elphidium advenum dispar Cushman 
SW PACIFIC ISLANDS. Fiji: Suva(F201636). Solomon Is.: 

Malaita, MT (L1402,3). 

Elphidium advenum limbatum Chapman 
NEW ZEALAND. Northland: Parengarenga Hbr, 2m 

(F201943); Cavalli Islands, 1.5m (F201739) Hayward 1982; 
Helena Bay, MT (F202956) Hayward 1993. Auckland/ 
Waikato: Rakitu Is., 9m (F201847) Hayward & Grenfell 
1994; Riverhead, MT (L661) Hayward & Hollis 1994; 
Waitemata Hbr (F20 1472); Orakei, 0.5m (F20 1349); 
Manukau Hbr, LT (F201505) Hulme 1964; Raglan Hbr, MT 
(F202088); Aotea Hbr, LT (F202092); Cook's Beach, MT 
(F202267) .. TaranakilWanganui: Mokau, MT (F202086); 
Urenui, HT (F202085); Patea R., LT (F202083). Bay of 
Plenty/East CoastlHawkes Bay: Tauranga, LT (F202114); 
Cooks Cove, MT (L2058). Wellington: Castlepoint Beach. 
LT (F20 1881); Kapiti Is., 38m (F20 1982); Pauatahanui, 1m 
(F202003) Hayward & Triggs 1994. Nelson/Marlborough: 
D'Urville Is., LT (F202234); Chetwode Is., 8m (F2021 09). 
Canterbury/Otago: Akaroa, MT (F201888); Oamaru Port, 
LT (L6973); Portobello Bay, HT (F202255); Port Chalmers, 
MT (F202066). Southland/Stewart Is.: Chalky Inlet, North 
Port, 25m (Ll3562); Patersons Inlet, LT (F201 109, L6982); 
Port Pegasus. H-MT (F202285) Hayward et al. 1994; Maori 
Beach estuary, MT (L6974). Chatham Islands: Waitangi, 
13m (F201913). Auckland Islands: (F20 1002); Tagua Bay, 
3m (L6184). 

EAST AUSTRALIA. Queensland: Great Barrier Reef, Piper 
Is. (F20 1127). Tasmania: Derwent estuary, 20m (F201332). 
Victoria: Bass Strait (USNM); Beaumaris, beach sand, type 
locality (9 paratypes, CC 14249); Port Fairy, beach sand 
(CC7899. CC15651); Port Phillip survey stns. 26-C3, 39-
313, 49-C5. 62-99 (includes holotype of £. earlandi 
avalonense, Vict.Mus. F42144, F42191, F42209, F42218. 
F42261, F76944, F76945). 

SW PACIFIC ISLANDS. Cook Is.: Rarotonga, (F20 1639). 
Fiji: Laucula, Suva (F201130); Suva (F201636); Viti Levu 
Bay, 6m (CCI4253). Kermadec Is.: Cheeseman Is., 30m 
(F202268). Lord Howe Is.: Old Settlement Beach, 0.5m 
(F202329). Norfolk Is.: off Captain Cook Monument, 18m 
(F202332): Duncombe Bay, 15m (L4350). Solomon Is.: 
Guadalcanal Is .. Mica Depot drillhole WR-65-2, cuttings 14m 
(USNM); Uepi. 1 m (L3669). Tonga: Vava'u Anchorage, type 
locality (holotype CC 15670). Vanuatu: Epi Is., 10m (L5738); 
Port Vila. 6m (L5737). 

Elphidium advenum macelliforme McCulloch 
EAST AUSTRALIA. Victoria: Port Phillip Bay, 10m (FP4336). 

Elphidium advenum maorium Hayward n.sp. 
NEW ZEALAND. Northland: Parengarenga Hbr, 2m 

(F201943). AucklandlWaikato: Rakitu Is., 9m (F201847) 
Hayward & Grenfell 1994; Waitemata Hbr (F20 1472); Orakei, 
MT (includes holotype and paratypes, F20 1347, TF 1648/1-
3, USNM487674); Manukau Hbr, LT (F201505) Hulme 
1964; Raglan, LT (F202091); Kawhia, MT (F202094). 
TaranakilWanganui: Urenui R., HT (F202085); Patea R., 
MT (F202084). Bay of Plenty/East CoastlHawkes Bay: 
Mahia. Maungawhio Lagoon, LT (L2053). Nelson/ 
Marlborough: D'Urville Is .. LT (F202234); Marahau Est., 
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HT (L614); Chetwode Is. (F2021 09); Canterbury: Akaroa. 
MT (F202259). Southland/Stewart Is.: Oreti Est.. MT 
(F202250); Dusky Sound. 55m (F202071); Foveaux Strait 
(F2012\o); Paterson's Inlet(F201109); Port Pegasus, M-HT 
(F202285) Hayward et al. 1994. Chatham Islands: Waitangi, 
13m (F201913). 

EAST AUSTRALIA. Victoria: Barwon Heads, shore sand 
(Vict.Mus. F76316). 

SW PACIFIC ISLANDS. Kermadec Is.: Cheeseman Is .. 30m 
(F202268). Lord Howe Is.: lagoon beach, MT (F202266). 
Norfolk Is: off Capt Cook monument. 18 m (F202332). 

Elphidium advenum tongaense (Cushman) 
SW PACIFIC ISLANDS. Cook Is.: Rarotonga, 15m (holotype 

and 10 paratypes of E. subevolutum CCI5672, CCI9899, 
CC I 9900). Fiji: Lami, LT (F202148); Laucula (F201130); 
Suva (F201636); Viti Levu Bay, 6m (CCI4252); Viva, 6m 
(CCI9902, USNM433662) Loeblich & Tappan 1964. Sa
moa: Apia, 14 m (F20 \085); Pago Pago Harbour, 100m 
(USNM). Tonga: (NZOI-A406), Vava'u, 8m (F201635), 
Ahanga Passage, MT (F202154), Vava'u Anchorage. type 
locality (F201638, CC23035. holotype CC15676, 38 
paratypes CCI5677, CC15678, CC19903, CCI9904, 
CC37302). Vanuatu: Port Vila, 6m (L5737): Espiritu Santo, 
HT (L5736, USNM). 

Elphidium albanii Hayward n.sp. 
EAST AUSTRALIA. Queensland: Great Barrier Reef, 

Claremont Lightship (includes holotype and 17 paratypes, 
TFI64911-3, USNM487982, AK74083, F201595); Cape 
Bedford, 24m (F20 1594); Great Barrier Reef. Bird Is. 
(F20 1120); Great Barrier Reef, Hannibal Is (F20 1121); Great 
Barrier Reef, Piper Is. (F20 1127); Cleveland Bay (F20 1122). 
New South Wales: Sydney. Watsons Bay (F20 1331); 
Malabar, 20m (FP4365). 

SW PACIFIC ISLANDS. Lord Howe Is.: Old Settlement 
Beach, 0.5m (F202329); lagoon beach, MT (F202266). 

Elphidium argenteum Parr 
EAST AUSTRALIA. New South Wales: Newcastle, beach sand 

(CC230 I 0). Queensland: Great Barrier Reef, Claremont 
Lightship (F20 1595). Victoria: Barwon Heads. shore sand 
(holotype, Vict.Mus. F41264); Hardwick Bay (USNM); Point 
Lonsdale. beach sand (CCI5652); Port Phillip, Barwon 
Heads. MT (F20 1584); Port Phillip survey stn. 62-99 
(Vict.Mus. F42261); Bass Strait, Torquay, beach sand 
(CC23012. CC23013). 

Elphidium carte'; Hayward n.sp. 
EAST AUSTRALIA. Queensland: Great Barrier Reef. 

Claremont Lightship (holotype and paratypes, TF 165011-3, 
USNM487676, F201595). New South Wales: Sydney, 
Watsons Bay (F20 1331). 

SW PACIFIC ISLANDS. Solomon Islands: Malaita, Tarapaina, 
intertidal channel (L 13518). 

Elphidium cJwrlottense (Vella) 
NEW ZEALAND. Northland: Tapotupotu, HT (F202121); 

Parengarenga Hbr, 2m (F20 1943); Cavalli Islands, 1.5m 
(F201739) Hayward 1982; Helena Bay, HT (F20 1955) 
Hayward 1993: Parua Bay, MT (F20 1977); Whangateau Hbr 
(F201353); Kawerua, MT (F20 1682) Hayward 1979; Kaipara 
Hbr, MT (L597). Auckland/Waikato: Tryphena, MT 
(F202100); Rakitu Is., 6m. (F201848) Hayward & Grenfell 
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1994; Cuvier Is., 37m (F20 1838) Hayward & Grace 1981; 
Riverhead, 4m (L841) Hayward & Hollis 1994; Watchmans 
Is. (F201472); Parnell Reef, LT (F201346); Orakei, 0.5m 
(F201349); Manukau Hbr (F201421); Miranda, MT 
(F202113); Cook's Bch, MT (F202267); Raglan, LT 
(F202091); Kawhia, MT (F202094). Bay of Plenty/East 
Coast/Hawkes Bay: Tauranga, LT (F202114); Cooks Cove, 
MT (L2058); Mahia, Maungawhio Lagoon, LT (L2053); 
Napier, LT (F202229). Wellington: Castlecliff, LT 
(F201881); Pauatahanui Inlet, 2m (F202024) Hayward & 
Triggs 1994; Cook Strait, 167m (F20 1234). Nelson/ 
Marlborough: Delaware Bay, M-HT (F202097); Tahunanui 
Inlet, MT (F202237); Chetwode Is., 8m (F202 \09); Lake 
Grassmere, HT (F202263); Queen Charlotte Sound, Rellings 
Bay, type locality (holotype and 3 paratypes, TF 130611-2, 
USNM68925I , VFp77). Canterbury/Otago: Lytt1eton, HT 
(F202260); Akaroa Hbr, MT (F20 1887); Timaru, MT 
(F202258); Oamaru Port, LT (L6973); Blueskin Bay, HT 
(F202257); Port Chalmers, MT (F202066); off Clutha R. 
mouth, 32m (F201160). Southland/Stewart Is.: Riverton 
Est., M-HT (F202246); Port Pegasus, 15m (F202272) 
Hayward et a!. 1994.; Oban, MT (L6975); Maori Beach, MT 
(L6974). 

SW PACIFIC ISLANDS. Lord Howe Is.: Lagoon Beach MT 
(F202266). 

Elphidium collins; Hayward n.sp. 
EAST AUSTRALIA. New South Wales: Sydney, Watsons Bay 

(holotype and paratypes, TFI65111-2, USNM487677, 
F201331). Queensland: Great Barrier Reef, Bird Is. 
(F201120). 

Elphidium craticulatum (Fitchel & Moll) 
EAST AUSTRALIA. Queensland: Cape Bedford, 24m 

(F201594); Cape York, Albany Passage, 8-28m (CC9895); 
Great Barrier Reef, Claremont Lightship (F20 1595); Great 
Barrier Reef, Hannibal Is (F20 1121); Heron Is boring, cuttings 
90m (CC38715) Cushman 1942; Murray Is.(CC3343, 
CC 19405, CC 19406) Cushman 1918; Port Denison (CC9877, 
CC22739). New South Wales: Sydney, Watsons Bay 
(F201331 ). 

SW PACIFIC ISLANDS. Fiji: Nairai, 24m (CCI9882); Suva 
(F20 1636). Solomon Is.: Guadalcanal Is., Mica depot 
drillhole WR-65-2, cuttings 30m (USNM); Malaita, MT 
(LI402,3); Uepi, 13m (L3668). Tonga: (NZOI-A406); 
Vava'u Anchorage, 8m (F20 1638); Vava'u Hbr, 8m 
(F20 1635), Ahanga Passage, MT (F202154). Vanuatu: Port 
Vila, 6m (L5737). 

Elphidium crispum crispum (Linne) 
NEW ZEALAND. Northland: Rimariki Is (F201947). Auck

landIWaikato: Mokohinau Is, 30m (L14328); Rakitu Is., 1.5-
60m (F20 I 847-79) Hayward & Grenfell 1994. Auckland/ 
Waikato: Cuvier Is., 37m (F201 838) Hayward & Grace 1981. 

EAST AUSTRALIA. Queensland: Cape York, Albany Pas
sage. 8-28m (CC9893); Cape Bedford, 24m (F20 1594); Great 
Barrier Reef, Claremont Lightship (F20 1595); Great Barrier 
Reef, Masthead Is., 34-40m (USNM); Cairns beach 
(F20 1600); Great Barrier Reef, Bird Is. (F20 1120); Great 
Barrier Reef, Piper Is. (F20 1127). New South Wales: off 
Narrabeen, 160m (USNM); Sydney, Watsons Bay (F201331, 
USNM). South Australia: Adelaide, Henley Beach 
(F20 1592). Tasmania: Derwent estuary, 20m (F20 1332); 
Oyster Bay, 80m (F20 1 075). Victoria: Port Phillip, Barwon 
Heads, MT (F21 0584); Port Phillip survey stns. 26-C3, 39-



313, 49-C5, 62-99 (Vic. Mus. F42191, F42209, F42218, 
F42261). 

SW PACIFIC ISLANDS. Kermadec Is.: Cheeseman Is., 30 m 
(F202268). New Caledonia: Noumea, Anse Vata Beach 
(F20 1585). Fiji: Suva (F20 1636). Lord Howe Is.: Old Set
tlement Beach, 0.5m (F202329). Solomon Is.: Guadalcanal, 
Mica Depot drillhole Wr-65-2, cuttings 30m (USNM). Tonga: 
offTongatapu, 914m (NZOI-B74); Vava'u, 30m (F201081). 
Vanuatu: Port Vila, 6m (LS737). 

Elplridium excavatum clavatum Cushman 
NEW ZEALAND. Northland: Tapotupotu Bay, HT (F202121); 

Parengarenga Hbr, MT (F201892); Ranganu Hbr, HT 
(F201890); Manganui Hbr, MT (F202078); Whangaroa Hbr, 
HT (F202077); Opua, HT (F202076); Helena Bay, EHT 
(F201953) Hayward 1993; Parua Bay, MT (F201977); 
Herekino Hbr, MT (F202118); Whangape Hbr, MT 
(F202119); Hokianga Hbr, MT (F20 1894); Pahi, LT 
(F20 1987); Kaipara, MT (L597). Auckland/Waikato: 
Tryphena, MT (F202100); Riverhead, 3m (L839) Hayward 
& Hollis 1994; Watchmans Is. (F201472); Orakei, 5-20m 
(LS09); Manukau Hbr, 4m (F201357); Miranda, MT 
(F202113); Cook's Bch, MT (F202267); Raglan, MT 
(F202088); Aotea Hbr, LT (F202092); Kawhia Hbr, MT 
(F201912); Marakopa Est., LT (F202095). Bay of Plenty/ 
East Coast/Hawkes Bay: Tauranga (F20 1827); Ohiwa, MT 
(F2021 03); Tolaga Bay, MT (F20 1936); Mahia, Maungawhio 
Lagoon, LT (L2053); Napier, LT (F202229). Wellington: 
Lake Ferry, MT (F202070); Pauatahanui Inlet, MT (F202035) 
Hayward & Triggs 1994. TaranakilWanganui: Mokau Est., 
MT (F202086); Urenui Est., HT (F202085); Patea Est., LT 
(F202083). Nelson/Marlborough: D'Urville Is., LT 
(F202234); Marahau Est., HT (L614); Delaware Bay, M
HT (F202097); Nelson, HT (F202098); Tahunanui Inlet, MT 
(F202237), Kenepuru Head, HT (L611); Waimea Inlet, MT 
(F202099); Anakiwa, MT (F202235). Canterbury/Otago: 
Lyttleton, HT (F202260); Blueskin Bay, HT (F202257); 
Hooper's Inlet, HT (F202254). Southland/Stewart Is.: 
Waikawa Hbr, HT (F202248); Haldane Est., HT (F202247); 
Bluff, HT (F202249); Oreti Est., HT (F20225I ); Riverton 
Est., M-HT (F202246); Big River, Fiord land, HT (F202233); 
Port Pegasus, MT (F202305) Hayward et al. 1994.; Oban 
salt marsh, MT (L6975); Maori Beach estuary, MT (L6974). 
West Coast: Oparara, MT (L653) Hayward & Hollis 1994; 
Orowaiti Est., MT (F202240). Snares Islands: 92m 
(F202072). 

EAST AUSTRALIA. New South Wales: Sydney (F201593); 
Lake IIIawara, Duck Creek, 2m (FP4370-1, type locality of 
E. illawaraense). Tasmania: Derwent estuary, 20m 
(F20 1332). Victoria: Port Phillip, Barwon Heads, MT 
(F210584); Port Phillip survey stn. 39-313 (Vict.Mus. 
F42209). 

SW PACIFIC ISLANDS. Vanuatu: Epi Is., 10m (LS738). 
Solomon Is.: Malaita, MT (L1403); Uepi, 1m (L3669). 

Elphidium excavatum excavatum (Terquem) 
NEW ZEALAND. Northland: Tapotupotu Bay, HT 

(F2021212); Parengarenga, HT (F20 1893); Whangaroa Hbr, 
HT (F202077); Opua, HT (F202076); Helena Bay, EHT 
(F201953) Hayward 1993; Parua Bay, MT (F201977); 
Herekino Hbr, MT (F202118); Whangape Hbr, MT 
(F202119); Kaipara Hbr, LT (F20 1987). AucklandlWaikato: 
Riverhead, MT (L845) Hayward & Hollis 1994; Orakei, 5-
20m (LS09); Manukau Hbr, 4m (F20l357); Miranda, MT 
(F202113); Cook's Bch, MT (F202267); Raglan, LT 

(F202091); Kawhia, MT (F20 1912). Bay of Plenty/East 
Coast/Hawkes Bay: Tauranga, HT (F202116); Tolaga Bay, 
MT (F201936). Wellington: Lake Ferry, MT (F202070); 
Pauatahanui, HT (F202037) Hayward & Triggs 1994; Little 
Karaka Bay, MT (F202089). TaranakilWanganui: Urenui, 
HT (F202085). Nelson/Marlborough: Marahau Est., HT 
(L614); Delaware Bay, M-HT (F202097); Nelson, HT 
(F202098); Tahunanui Est., MT (F202237); Waimea Inlet, 
MT (F202099); Anakiwa, MT (F202235). Canterbury/ 
Otago: Hooper's Inlet, HT (F202254). Southland/Stewart 
Is.: Haldane Est., HT (F202247); Bluff, HT (F202249); Port 
Pegasus, H-MT (F202285) Hayward et al. 1994.; Golden Bay, 
LT (L6982); Oban salt marsh, MT (L6975); Maori Beach 
estuary, MT (L6974). West Coast: Oparara Lagoon, MT 
(L654) Hayward & Hollis 1994; Orowaiti Est., MT 
(F202240); Okarito, M-HT (F202244). Chatham Islands: 
Te Whanga Lagoon, MT (L14050). Snares Islands: 92m 
(F202072). 

EAST AUSTRALIA. New South Wales: Port Jackson, Watson 
Bay (USNM). Queensland: Great Barrier Reef, Claremont 
Lightship (F201595). Tasmania: Derwent estuary, 20m 
(F20l332). Victoria: Port Phillip, Barwon Heads, MT 
(F21 0584); Barwon Heads, beach sand (Vict.Mus. F76317); 
Port Phillip survey stn. 56-C9, 49-C5 (Vict.Mus. F42240, 
F42218, F76950, F76953). 

SW PACIFIC ISLANDS. Cook Is.: Rarotonga (F20 1639). Fiji: 
Suva (F201636). 

Elphidium excavatum oirgi Hayward n.sp. 
NEW ZEALAND. Northland: Parengarenga Hbr, 2m 

(F201943); Cavalli Islands, l.5m (holotype and paratypes, 
TFI653/l,5, AK74002, USNM487679, F201739) Hayward 
1982; Cavalli Islands, 7m (includes 1 paratype, TF 1653/3, 
F201742); Bay of Islands, LT (F201799), Hayward 1981; 
Tutukaka Hbr, 3m (includes 2 paratypes, TF 1653/2,4, 
F20 1841), Brook et al. 1981; Chickens Islands, 53m 
(F20 1922), Hayward et al. 1984. AucklandlWaikato: Great 
Barrier Is., Rangiwhakaea Bay, 14m (F202048), Hayward & 
Grenfell 1994; Cook's Bch, MT (F202267). Bay of Plenty: 
Whale Is., 7.5m (F202207), Hayward 1990b. 

Elphidium excavatum sydneyense Albani 
No specimens examined. 

Elphidium excavatum williamsoni Haynes 
NEW ZEALAND. Northland: Tapotupotu Bay, HT (F202121); 

Parengarenga Hbr. HT (F20 1893); Ranganu Hbr, HT 
(F201890); Manganui, MT (F202078); Helena Bay, HT 
(F201955) Hayward 1993; Parua Bay, MT (F20 1977); 
Whangateau Hbr (F201353); HokiangaHbr, MT (F201894); 
Kaipara Hbr, MT (L597). AuckiandlWaikato: Tryphena, MT 
(F202100); Riverhead, MT (L847) Hayward & Hollis 1994; 
Watchmans Is. (F201472); Parnell Reef, LT (F20l346); 
Orakei Basin, 5-20m (LS09); Manukau Hbr (F20 1421); 
Miranda, MT (F202113); Cook's Bch, MT (F202267); Rag
lan, MT (F202088); Aotea Hbr, LT (F202092); Kawhia Hbr, 
MT (F202094). Bay of Plenty/East Coast/Hawkes Bay: 
Tauranga, HT (F202166); Ohiwa, MT (F202103); Gisborne, 
MT (F201935); Napier, LT (F202229). Wellington: 
Pauatahanui, HT (F20203 7) Hayward & Triggs 1994; Kapiti 
Is., 38m (F20 1982). TaranakilWanganui: Mokau Est., MT 
(F202086); Patea Est., LT (F202083). Nelson/Marlborough: 
Delaware Bay, M-HT (F202097): Nelson, HT (F202098); 
Tahunanui Inlet, MT (F202237); Waimea Inlet, MT 
(F202099); Anakiwa, MT (F202235). Canterbury/Otago: 
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Lyttleton, HT (F202260); Akaroa Hbr. MT (F20 1887); 
Blueskin Bay, HT (F202257); Portobello, HT (F202255); 
Hooper's Inlet, HT (F202254). Southland/Stewart Is.: 
Waikawa Hbr, HT (F202248); Bluff, HT (F202249); Oreti 
Est., MT (F202250); Riverton Est., M-HT (F202246); Port 
Pegasus, LT (F202305) Hayward et al. 1994. West Coast: 
Oparara Lagoon, MT (L654) Hayward & Hollis 1994. 

EAST AUSTRALIA. Victoria: Port Phillip, Barwon Heads. 
MT (F21 0584); Port Phillip survey stn. 56-C9, 39-313 (in
cludes holotypes of E. arliculalum mullicameralum Collins 
and E. gunleri carioense Collins, Vict.Mus. F42143, F42209, 
F42240, F76946, F76947, F76949); Hardwick Bay 
(CC23058). 

SW PACIFIC ISLANDS. Fiji: Vatuwannga Est., HT 
(F202144). Norfolk Is.: Duncombe Bay, 15m (L4350). 

Elphidiumfichtellianum Cd'Orbigny) 
EAST AUSTRALIA. Victoria: Port Phillip, Barwon Heads. 

MT (F201584). 
SW PACIFIC ISLANDS. Fiji: Makaujar Anchorage 

(CCI9893): Levuka, 24m (CCI9898); Nairai, 24m 
(CC 19897); Suva. Lami. LT (F202148); Suva, Suva Point. 
LT (F202149). Norfolk Is.: off Captain Cook Monument. 
18m (F202332): 83m (NZOI-G8): Duncombe Bay, 15m 
(L4350). Samoa: Apia. 14m(F201085); PagoPago Harbour, 
26-50m. type locality (CC329L CC3327, CC18841, 
CC22770, CC23036. CC23037. holotype CC3323, 6 
paratypes CC3324. CC3325, CC18895) Cushman, 1918, 
1933. Solomon Is.: Uepi. 13m (L3668). Tonga: off 
Tongatapu, 914m (NZOI-B74): Vava'u Anchorage, 8m 
(F201638); Vava'u Hbr. 8m (F201635), 30m (F201081): 
Vava'u, Hinakauea Beach, LT (F202150); Vava'u Anchor
age, 36m (CCI5704. CC19895) Cushman 1933. Vanuatu: 
Espiritu Santo (USNM). 

Elpliidiumfijiense Hayward n.sp. 
SW PACIFIC ISLANDS. Fiji: Suva Point, intertidal (holotype 

and paratypes. TFI65411-3. AK74000. USNM487680. 
F202149). Lord Howe Is.: lagoon beach. MT (F202266). 
Solomon Is.: Malaita. MT (L 1403). Tonga: Vava'u, Ahanga 
Passage. MT (F202154). 

Elpltidium gUllteri Cole 
NEW ZEALAND. Northland: Tapotupotu Bay, HT (F202120): 

Whangaroa Hbr. HT (F202077): Opua. HT (F202076): 
Whangape Hbf. MT (F202119): Hokianga Hbf. MT 
(F201894): Kaipara Hbf. LT (F201987). AucklandlWaikato: 
Riverhead. MT (L845) Hayward & Hollis 1994; Orakei Ba
sin. 5-20m (L509): Manukau Hbf. LT (F201505): Kawhia. 
MT (F201912). Bay of Plenty/East Coast/Hawkes Bay: 
Napier. LT (F202229). Wellington: Little Karaka B£lY, MT 
(F202089). Nelson/Marlborough: Nelson, HT (F202098). 
West Coast: Oparara Lagoon, MT (L654) Hayward & Hollis 
1994. 

Elphidium Itawkesburiellse Albani 
EAST AUSTRALIA. New South Wales: Sydney, Watsons Bay 

(F201331): Twofold Bay. 6m (FP4368-9). Tasmania: 
Derwent estuary. 20m (F201332). 

Elphidium Ilispidulum Cushman 
EAST AUSTRALIA. Queensland: Cape Bedford, 24m 

(F201594): Great Barrier Reef. Claremont Lightship 
(F201595): Great Barrier Reef, Bird Is. (F201120): Great 
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Barrier Reef. Hannibal Is (F201121); Great Barrier Reef. Piper 
Is. (F20 1127); Cairns beach (F20 1600); Cleveland Bay 
(F20 1122); Albany Passage, 8-30m (holotype and 2 paratypes, 
CC23028, CC9874). 

SW PACIFIC ISLANDS. Solomon Is.: Malaita, MT (L1403). 

Elphidium lene Cushman & McCulloch 
EAST AUSTRALIA. Queensland: Murray Is., 60m (CC3343, 

USNM). Victoria: Port Phillip survey stns. 26-C3, 49-C5 
(Vict.Mus. F42144, F42218, F76943, F76954); Black Rock 
(CCI5654). Tasmania: Derwent estuary, 20m (F201332). 

SW PACIFIC ISLANDS. Cook Is.: Aitutaki (F201l32). Fiji: 
Suva, Laucua (F20 1130); Suva (F20 1636). Lord Howe Is.: 
Old Settlement Beach, 0.5m (F202329). New Caledonia: 
Noumea, Anse Vata Beach (F201585). Samoa: Apia, 14m 
(F201085), 4m (F201642). Solomon Is.: Malaita, MT 
(Ll402). Tonga: Vava'u, Hinakauea Beach, LT (F202150), 
Vava 'u Anchorage, 8m (F20 1638). 

Elphidium macellum (Fitchel and Moll) 
EAST AUSTRALIA. Queensland: Great Barrier Reef, Mast

head Is., 34-40m (CC23044). New South Wales: Newcas
tle, beach sand (CC230 10, CC23045); Port Hacking, 80m 
(F201554). Tasmania: Derwent estuary, 20m (F201332). 
Victoria: Bass Strait, Torquay, beach sand (CC23012, 
CC230 13); Hardwick Bay, beach sand (USNM); Port Phi Ilip 
survey stns. 26-C3, 39-313, 49-C5, 56-C9, 62-99 (Vic. Mus. 
F42191, F42209, F42218, F42239, F4226 I). 

SW PACIFIC ISLANDS. Fiji: Suva, Suva Point, LT (F202149). 
Lord Howe Is.: lagoon beach, MT (F202266); Old Settle
ment Beach, O.5m (F202329). New Caledonia: Noumea, 
Anse Vata Beach (F20 1585); Norfolk Is.: off Captain Cook 
monument, 18m (F202332); Duncombe Bay, 15m (L4350). 
Samoa: Apia, 14m (F201085). Solomon Is.: Guadalcanal, 
Mica depot drillhole WR-65-2, cuttings 30m (USNM). 
Tonga: offTongatapu, 914m(NZOI-B74). Vanuatu: Espiritu 
Santo, HT (L5736, USNM). 

Elpltidium mortonbayense Albani and Yassini 
EAST AUSTRALIA. Queensland: Cape Bedford, 24m 

(F201594); Cape York, Albany Passage, 8-28m (CC9895); 
Great Barrier Reef, Claremont Lightship (F20 1595); Great 
Barrier Reef, Bird Is. (F20 1120); Great Barrier Reef, Piper 
Is. (F201127); Cleveland Bay (F201122). 

Elpllidium novozealandicum Cushman 
NEW ZEALAND. Northland: Tapotupotu Bay, HT (F202120); 

Parengarenga Hbr, 2m (F20 1943); Cavalli Islands, 1.5m 
(F20 1739) Hayward 1982; Kawerua (F20 1683) Hayward 
1979; Helena Bay, HT (F20 1955) Hayward 1993; Whangteau 
Hbr (F20 13 53). Auckland/Waikato: Rakitu Is., 10m 
(F20 1851) Hayward & Grenfell 1994; Cuvier Is., 37m 
(F201838) Hayward & Grace 1981; Parnell Reef, LT 
(F20 1346); Manukau Hbr, LT (F20 1505); Miranda, MT 
(F202I13); Cook's Bch, MT (F202267); Raglan, LT 
(F202091). Bay of Plenty/East Coast/Hawkes Bay: Whale 
Is., LT (F2021 02) Hayward 1990; Cooks Cove, MT (L2058); 
Mahia. Maungawhio Lagoon, LT (L2053). Wellington: 
Castlepoint, LT (F20 1881); Cook Strait, 167m (F20 1234). 
TaranakilWanganui: Patea Est., LT (F202083). Nelson/ 
Marlborough: D'Urville Is., LT (F202234); Chetwode Is., 
8m (F2021 09). Canterbury/Otago: Akaroa Hbr, MT 
(F201887); Oamaru Port, LT (L6973); PortobeIlo, HT 
(F202255); Port Chalmers, MT (F202066). Southland/ 



Stewart Is.: Big River, Fiordland, HT (F202233); Dusky 
Sound, 55m, type locality (F202071, CC22767, holotype 
CC23046, 5 paratypes CC9872) Cushman 1936; Chalky In
let, North Port, 25m (Ll3562); Foveaux Strait (F20 1210); 
Paterson's Inlet (F20 II 09); Port Pegasus, H-MT (F202285) 
Hayward et al. 1994; Oban, MT (L6975); Maori Beach, MT 
(L6974). Chatham Islands: Waitangi, 13m (F20 1913). An
tipodes Islands: 103m (USNM). Auckland Islands: 
(F201107). 

Elphidium oceanicum Cushman 
EAST AUSTRALIA. Queensland: Great Barrier Reef, 

Claremont Lightship (F20 1595); Cleveland Bay (F20 1122). 
Tasmania: Derwent estuary, 20m (F20 1332). Victoria: Port 
Phillip survey stn. 49-C5 (Vic. Mus. F42218). 

SW PACIFIC ISLANDS. Fiji: Levuka, 24m, type locality 
(CCI9913, holotype CCI5673); Mokaujar Anchorage 
(CCI9911); Nairai, 24m (CCI991O); Suva(F201636). Lord 
Howe Is.: Old Settlement Beach, 0.5m (F202329). Samoa: 
Apia, 4m (F201642); Pago Pago Harbour, 34m (CC3393, 
CC23056, CC23057). Solomon Is.: Malaita, MT (Ll402, 
L 1403). Tonga: Vava'u Anchorage, 6-8m (F20 163 8, 
CC19912, CCI9914). 

Elphidium phillipense new name 
AUSTRALIA. Victoria: Port Phillip survey stn. 49-C5, type 

locality (holotype and topotypes of Elphidium granulosum 
Collins, Vict.Mus. F42218, F7695 I , F76952). 

Elphidium reticulosum Cushman 
SW PACIFIC ISLANDS. Fiji: Nairai, 24m (CCI9879); Suva 

(F201636), Suva Point, LT (F202149). Kermadec Is.: Nugent 
Is., 16m (F202269); Raoul Is., Lava Pt, HT (L451); North 
Meyer Is., 15m (Ll599). Lord Howe Is.: Old Settlement 
Beach, 0.5m (F202329). New Caledonia: Noumea, Anse Vata 
Beach (F201585). Norfolk Is.: off Captain Cook Monument, 
18m (F202332); Duncombe Bay, 15m (L4350). Samoa: Apia, 
4m (F201642). Solomon Is.: Malaita, MT (Ll402); Uepi, 
I m, 13m (L3668,3669). Tonga: Vava'u, Ahanga Passage, 
MT (F202154); Vava'u Anchorage, type locality (holotype 
CCI5671). Vanuatu: Port Vila, 6m (L5737). 

Elphidium sandiegoense (Lankford) 
EAST AUSTRALIA. Queensland: Great Barrier Reef 

Claremont Lightship (F20 1595). 

Elphidium silvestrii new name 
EAST AUSTRALIA. Tasmania: Derwent estuary, 20m 

(F201332). 

Elphidium vavauense Hayward n.sp. 
SW PACIFIC ISLANDS. Tonga: Vava'u, 30m (holotype and 

paratypes, TFI657/l-3, USNM487683, F201081); (NZOI
A406). 

Elphidium vellai Hayward n.sp. 
NEW ZEALAND. Auckland: Waitemata Harbour, HobsonviIle, 

MT, 8m (L840, L9819). Nelson/Marlborough: Queen Char
lotte Sound, 3-37m (L626, L633, L637); Queen Charlotte 
Sound, 16m (TFI658/l-3; AK.74000, USNM487684, L631); 
D'UrviIle Is, Kupe Bay, 0.3m (F202234). 

Elphidium vitreum Collins . 
EAST AUSTRALIA. Victoria: Port Phillip survey stn. 62-99, 

type locality (Vict.Mus. F4226 I , holotype Vict.Mus. F42147). 

Genus Cristatavultatus 

Cristatavultatus pacificus (Collins) 
EAST AUSTRALIA. Queensland: Great Barrier Reef, Trinity 

Opening, 600m, Collins 1958. 
SW PACIFIC ISLANDS. Fiji: Makaujar Anchorage (USNM). 

Samoa: Apia, 4m (F20 1642); Pago Pago Harbour, 34m 
(CC3344, CCI8903). Tonga: Vava'u Anchorage, 36m 
(CC 15705, CCI9880). Vanuatu: Port Vila, 6m (L5737). 

Genus Parrellina 

Parrellina imperatrix (Brady) 
EAST AUSTRALIA. New South Wales: Port Hacking, 80m 

(F20 1554); Port Jackson, Watsons Bay (F20 1331, CC7880, 
CC22738, USNM422660) Loeblich & Tappan, 1964; east of 
Wollongong, 200m (CC22751). Queensland: Gulf of 
Carpentaria, Van Diemans Is., 20m (CC22736); Port Denison 
(CC22737). South Australia: Curteis Strait (USNM). Tas
mania: Derwent estuary, 20m (F20 1332). Victoria: Ninety 
Mile Beach (CCI2856). 

Parrellina papillosa (Cushman) 
EAST AUSTRALIA. New South Wales: off Wollongong, 

200m, type locality (holotype CC23027, 2 paratypes 
CC23026); Bermegui shelf, 89m (FP44 19-20). 

Parrellina verriculata (Brady) 
EAST AUSTRALIA. New South Wales: Cape Byron, 220m 

(CC22753); off Nonabeca, 160m (CC22752); off 
Wollongong, 200m (CC2275I , USNM). Queensland: Gulf 
of Carpentaria, Van Diemans Is., 20m (CC22736, CC22750). 
Tasmania: Derwent R. estuary, 20m (F20 1332); Oyster Bay, 
80m (F201 075). 

Genus Haynesina 

Haynesina depressula depressula (Walker and Jacob) 
NEW ZEALAND. Northland: Tapotupotu Bay, HT (F202120); 

Parengarenga Hbr, MT (F20 1892); Manganui, MT 
(F202078); Cavalli Islands, 1.5m (F20 1739) Hayward 1982; 
Helena Bay, HT(F201955) Hayward 1993; Whangateau Hbr 
(F201353); Kawerua, LT (F201682) Hayward 1979; 
Hokianga Hbr, MT (F20 1894); Kaipara Hbr, MT (L597). 
AucklandlWaikato: Tryphena, MT (F2021 00); Rakitu Is., 
9.5m (F201851) Hayward & Grenfell 1994; Riverhead, MT 
(L661) Hayward & Hollis 1994; Watchmans Is. (F201472); 
Parnell Reef, LT (F20 1346); Orakei Basin, 5-20m (L509); 
Manukau Hbr (F20 1421); Miranda, MT (F202113); Cook's 
Bch, MT (F202267); Raglan, LT (F202091); Aotea Hbr, LT 
(F202092); Kawhia Hbr MT (F202094). Bay of Plenty/East 
Coast/Hawkes Bay: Tauranga, LT (F202114); Cooks Cove, 
MT (L2058); Mahia, Maungawhio Lagoon, LT (L2053); 
Napier, LT (F202229). Wellington: Castlecliff, LT 
(F20 1881); Pauatahanui, 2m (F202024) Hayward & Triggs 
1994; Kapiti Is., 38m (F20 1982); Little Karaka Bay, MT 
(F202089), Cook Strait, 167m (F20 1234). Taranaki! 
Wanganui: Mokau Est., MT (F202086); Patea Est., LT 
(F202083). Nelson/Marlborough: D'Urville Is., LT 
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(F202234); Tahunanui Inlet, MT (F202237); Waimea Inlet, 
MT (F202099); Chetwode Is, 8m (F2021 09); Lake 
Grassmere, HT (F202263). Canterbury/Otago: Lyttleton, 
HT (F202260); Akaroa Hbr, MT (F201887); Timaru, MT 
(F202258); Blueskin Bay, HT (F202257); Porto bello, HT 
(F202255); PorI Chalmers, MT (F202066); Hooper's Inlet, 
HT (F202254); Clutha Est., 32m (F20 1160). Southlandl 
Stewart Is.: Waikawa Hbr. HT (F202248); BlutT, HT 
(F202249); Oreti Est., MT (F202250); Riverton Est., M-HT 
(F202246); Chalky Inlet, North Port, 25m (L13562);Port 
Pegasus, 2m (F202281) Hayward et al. 1994; Maori Beach. 
MT (L6974). West Coast: Dusky Sound, 55m (F202071). 
Chatham Islands: 20m (F20 1914). Auckland Islands: 
Musgrove Peninsula, type locality of E. simplex aoteanum 
(F20 I 002, holotype and 4 paratypes TF 1305/1-2, 
USNM689249, VFp76); Tagua Bay, 3m (L6184). 

EAST AUSTRALIA. New South Wales: Sydney, Watsons Bay 
(F201331). Queensland: Great Barrier Reef, Claremont 
Lightship (F20 1595). Victoria: Port Phillip survey stn. 49-
C5 (Vic. Mus. F4221S). 

SW PACIFIC ISLANDS. Cook Is: Rarotonga (F20 1639). Fiji: 
Lami, LT (F202148); Levuka. 24m (CCI9909); Laucua 
(F20l130): Vatuwangga Est.. HT (F202144,5). Lord Howe 
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Is.: lagoon beach, MT (F202266); Old Settlement Beach, 
O.5m (F202329). Kermadec Is.: Cheeseman Is., 30m 
(F202268); Nugent Is., 16m (F202269). Samoa: Apia, 4m 
(F201642). Solomon Is.: Malaita, MT (L1402,3) [bosses]. 
Tonga: (NZOI-A406). 

Haynesina depressu/a simplex (Cushman) 
EAST AUSTRALIA. New South Wales: Sydney, Watsons Bay 

(F20 1331, USNM). Queensland: Great Barrier Reef, 
Claremont Lightship (F20 1595); Great Barrier Reef, Piper 
Is. (F201127); Cleveland Bay (F201122). Victoria: Port 
Phillip survey stn. 49-C5 (Vic. Mus. F42218). 

SWPACIFIC ISLANDS. Cook Is: Rarotonga(F201639). Fiji: 
Lami, LT (F202148); Levuka, 24m (CCI9909); Laucua 
(F201l30); Nairai, 24m (CC19903, I paratype CC15675); 
Suva (F201636); Suva Pt, LT (F202149); Vatuwangga Est., 
HT (F202144,5); Viva Anchorage, 6m (CCI9906). Lord 
Howe Is.: lagoon beach, MT (F202266); Old Settlement 
Beach, 0.5m (F202329). Samoa: Apia, 4m (F20 1642). Solo
mon Is.: Malaita, MT (L1402,3). Tonga: (NZOI-A406); 
Vava'u Anchorage, type locality (CC19907, ho!otype 
CC 15674). Vanuatu: Epi Is., 10m (L5738); Port Vila, 6m 
(L5737). 



APPENDIX II 
Recent records of Elphidium, Cristatavultatus, Parrellina and Haynesina from 

the South-west Pacific by country, state or island 

NEW ZEALAND 
Elphidium advenum advenum 
Elphidium advenum limbatum 
Elphidium advenum maorium 
Elphidium charlottense 
Elphidium crispum 
Elphidium excavatum clavatum 
Elphidium excavatum excavatum 
Elphidium excavatum oirgi 
Elphidium excavatum williamsoni 
Elphidium gunteri 
Elphidium novozealandicum 
Elphidium reticulosum 
Elphidium vel/ai 
Haynesina depressula depressula 

NEW ZEALAND, KERMADEC ISLANDS 
Elphidium advenum advenum 
Elphidium advenum limbatum 
Elphidium crispum 
Elphidium reticulosum 
Haynesina depressula depressula 

NEW ZEALAND, NORTH ISLAND 
Elphidium advenum limbatum 
Elphidium advenum maorium 
Elphidium charlottense 
Elphidium crispum 
Elphidium excavatum clavatum 
Elphidium excavatum excavatum 
Elphidium excavatum oirgi 
Elphidium excavatum williamsoni 
Elphidium gunteri 
Elphidium novozealandicum 
Haynesina depressula depressula 

NEW ZEALAND, SOUTH ISLAND 
Elphidium advenum limbatum 
Elphidium advenum maorium 
Elphidium charlottense 
Elphidium excavatum clava tum 
Elphidium excavatum excavatum 
Elphidium excavatum williamsoni 
Elphidium gunteri 
Elphidium novozealandicum 
Elphidium vel/ai 
Haynesina depressula depressula 

NEW ZEALAND, STEWART ISLAND 
Elphidium advenum limbatum 
Elphidium advenum maorium 
Elphidium charlottense 
Elphidium excavatum clavatum 

Elphidium excavatum excavatum 
Elphidium excavatum williamsoni 
Elphidium novozealandicum 
Haynesina depressula depressula 

NEW ZEALAND, CHATHAM ISLANDS 
Elphidium advenum limbatum 
Elphidium advenum maorium 
Elphidium excavatum excavatum 
Elphidium novozealandicum 
Haynesina depressula depressula 

NEW ZEALAND, ANTIPODES ISLANDS 
Elphidium novozealandicum 

NEW ZEALAND, AUCKLAND ISLANDS 
Elphidium advenum limbatum 
Elphidium charlottense 
Elphidium novozealandicum 
Haynesina depressula depressula 

NEW ZEALAND, CAMPBELL ISLAND 
Elphidium novozealandicum 

NEW ZEALAND, SNARES ISLANDS 
Elphidium excavatum clavatum 
Elphidium excavatum excavatum 

COOK ISLANDS 
Elphidium advenum advenum 
Elphidium advenum limbatum 
Elphidium advenum tongaense 
Elphidium excavatum excavatum 
Elphidium lene 
Haynesina depressula depressula 
Haynesina depressula simplex 

FIJI 
Cristatavultatus pacificus 
Elphidium advenum advenum 
Elphidium advenum dis par 
Elphidium advenum limbatum 
Elphidium advenum tongaense 
Elphidium craticulatum 
Elphidium crispum crispum 
Elphidium excavatum excavatum 
Elphidium excavatum williamsoni 
Elphidium fichtellianum 
Elphidium fiJ iense 
Elphidium lene 
Elphidium macel/um 
Elphidium oceanicum 
Elphidium reticulosum 
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Elphidium reticulosum 
Haynesina depressula depressula 
Haynesina depressula simplex 

NEW CALEDONIA 
Elphidium advenum advenum 
Elphidium craticulatum 
Elphidium crispum crispum 
Elphidium hispidulum 
Elphidium lene 
Elphidium macel/um 

SAMOA 
Cristatavultatus pacificus 
Elphidium advenum advenum 
Elphidium advenum botaniense 
Elphidium advenum tongaense 
Elphidium jichtel/ianum 
Elphidium lene 
Elphidium macellum 
Elphidium oceanicum 
Elphidium reticulosum 
Haynesina depressula depressula 
Haynesina depressula simplex 

SOLOMON ISLANDS 
Elphidium advenum advenum 
Elphidium advenum botaniense 
Elphidium advenum dispar 
Elphidium advenum limbatum 
Elphidium carteri 
Elphidium craticulatum 
Elphidium crispum crispum 
Elphidium excavatllm clavatum 
Elphidium jichtellianum 
Elphidium jijiense 
Elphidium lene 
Elphidium macel/um 
Elphidillm oceanicum 
Elphidium reticulosum 
Haynesina depressula depressula 
Haynesina depressliia simplex 

TONGA 
Cristatavllitatus pacificlls 
Elphidillm advenum aevenllm 
Elphidillm advenum limbatum 
Elphidium advenum tongaense 
Elphidium craticulatllm 
Elphidillm crispum crispllm 
Elphidium jichtell ianum 
Elphidium jijiense 
Elphidium lene 
Elphidium macellum 
Elphidium oceanicum 
Elphidium reticulosum 
Elphidium vavauense 
Haynesina depressula depressula 
Haynesina depressliia simplex 
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VANUATU 
Cristatavultatus pacificus 
Elphidium advenum advenum 
Elphidium advenum limbatum 
Elphidium advenum tongaense 
Elphidium craticulatum 
Elphidium crispum crispum 
Elphidium excavatum clavatum 
Elphidium jichtellianum 
Elphidium macellum 
Elphidium reticulosum 
Haynesina depressula simplex 

EAST AUSTRALIA 
Cristatavultatus pacificus 
Elphidium advenum advenum 
Elphidium advenum botaniense 
Elphidium advenum limbatum 
Elphidium advenum maorium 
Elphidium albanii 
Elphidium argenteum 
Elphidium carteri 
Elphidium charlottense 
Elphidium collinsi 
Elphidium craticulatum 
Elphidium crispum crispum 
Elphidium excavatum clavatum 
Elphidium excavatum excavatum 
Elphidium excavatum sydneyense 
Elphidium excavatum williamsoni 
Elphidium jichtellianum 
Elphidium phillipense 
Elphidium gunteri 
Elphidium hawkesburiense 
Elphidium hispidulum 
Elphidium lene 
Elphidium macellum 
Elphidium mortonbayense 
Elphidium oceanicum 
Elphidium sandiegoense 
Elphidium silvestrii 
Elphidium vitreum 
Parrel/ina imperatrix 
Parrel/ina papil/osa 
Parrellina verriculata 
Haynesina depressula depressula 
Haynesina depressula simplex 

EAST AUSTRALIA, QUEENSLAND 
Cristatavultatus pacificus 
Elphidium advenum advenum 
Elphidium advenum botaniense 
Elphidium advenum limbatum 
Elphidium albanii 
Elphidium argenteum 
Elphidium carteri 
Elphidium collinsi 
Elphidium craticulatum 
Elphidium crispum crispum 



Elphidium exeavatum c1avatum 
Elphidium exeavatum exeavatum 
Elphidium fiehtellianum 
Elphidium hawkesburiense 
Elphidium hispidulum 
Elphidium lene 
Elphidium mortonbayense 
Elphidium oeeanieum 
Elphidium sandiegoense 
Parrellina imperatrix 
Parrellina papillosa 
Parrellina verrieulata 
Haynesina depressula depressula 
Haynesina depressula simplex 

EAST AUSTRALIA, NEW SOUTH WALES 
Elphidium advenum advenum 
Elphidium advenum botaniense 
Elphidium advenum Iimbatum 
Elphidium albanii 
Elphidium argenteum 
Elphidium earteri 
Elphidium eollinsi 
Elphidium eratieulatum 
Elphidium erispum erispum 
Elphidium exeavatum c1avatum 
Elphidium exeavatum exeavatum 
Elphidium exeavatum sydneyense 
Elphidium fiehtellianum 
Elphidium gunteri 
Elphidium hawkesburiense 
Elphidium hispidulum 
Elphidium lene 
Elphidium maeellum 
Elphidium mortonbayense 
Elphidium oeeanieum 
Elphidium silvestrii 
Parrellina imperatrix 
Parrellina papillosa 
Parrellina verriculata 
Haynesina depressula depressula 
Haynesina depressula simplex 

EAST AUSTRALIA, VICTORIA 
Elphidium advenum advenum 
Elphidium advenum Iimbatum 
Elphidium advenum maeelliforme 
Elphidium advenum maorium 
Elphidium argenteum 
Elphidium erispum erispum 

Elphidium exeavatum c1avatu.m 
Elphidium exeavatum exeavatum 
Elphidium exeavatum williamsoni 
Elphidium fiehtellianum 
Elphidium phillipense 
Elphidium gunteri 
Elphidium lene 
Elphidium maeellum 
Elphidium oeeanieum 
Elphidium silvestrii 
Elphidium vitreum 
Parrellina imperatrix 
Parrellina verrieulata 
Haynesina depressula depressula 
Haynesina depressula simplex 

EAST AUSTRALIA, TASMANIA 
Elphidium advenum advenum 
Elphidium advenum botaniense 
Elphidium advenum Iimbatum 
Elphidium erispum erispum 
Elphidium exeavatum c1avatum 
Elphidium exeavatum exeavatum 
Elphidium hawkesburiense 
Elphidium lene 
Elphidium maeellum 
Elphidium oeeanieum 
Elphidium silvestrii 
Parrellina imperatrix 

AUSTRALIA, LORD HOWE ISLAND 
Elphidium advenum advenum 
Elphidium advenum Iimbatum 
Elphidium albanii 
Elphidium eharlottense 
Elphidium fij iense 
Elphidium lene 
Elphidium maeellum 
Elphidium oeeanieum 
Elphidium reticulosum 
Haynesina depressula depressula 
Haynesina depressula simplex 

AUSTRALIA, NORFOLK ISLAND 
Elphidium advenum advenum 
Elphidium advenum Iimbatum 
Elphidium exeavatum williamsoni 
Elphidium fiehtellianum 
Elphidium maeellum 
Elphidium retieulosum 
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APPENDIX III 
Fossil New Zealand Elphidium, Discorotalia and Haynesina specimens 

examined 

Fossil record locality numbers in the format A34/f are of the New Zealand Fossil Record File, ofthe Geological Society 
of New Zealand. All specimens are held in the collections ofthe Institute of Geological and Nuclear Sciences Lower 
Hutt, unless indicated otherwise. ' 

Specimen and sample repositories 

CC Cushman Collection, held at Natural History 
Museum, Smithsonian Institution, 
Washington DC, USA 

FP, TF Institute of Geological and Nuclear Sciences Ltd, 
Lower Hutt, New Zealand 

USNM Natural History Museum, Smithsonian Institu
tion, Washington DC, USA 

VF Victoria University of Wellington, Department 
of Geology, PO Box 600, Wellington, 
New Zealand 

Genus Elplridium 

Elplridium aculeatum Ilorcotti Hayward n.sp. 
EARLY MIOCENE. Wellington: U25/f6564 (TFI647/1-3, 

USNM487673), type locality, late Lw-Po. 

Elplridium aculeatum subrotatum Homibrook 
MIDDLE MIOCENE. Wellington: T271f176, f3 I 0, Sc; T27/f5 I. 

SI; T271fI40, Sw. . 

EARLY MIOCENE. Nelson: SE40173/f4, Surville-I cuttings 
669-672 m, PI. West Coast: L29/f8773, PI. Canterbury: 139/ 
f9483. PI. Otago: 1411f8498 (TFI 42211-2), type locality, PI. 

Elplridium advellum advellum Cushman 
MIDDLE MIOCENE. Southland: D45/f8671, Sw. 
EARLY MIOCENE. Canterbury: I381t7628, f7607, Lw; M34/ 

f7038, PI. 
Otago: 1411f8498. PI. Southland: D45/f8480. Po; D45/f8482. 

f8487. PI. 
OLIGOCENE. Waikato: R14/f6541, eLwh. West Coast: K29/ 

fl53. fl55, Lwh; L28/f7504, Ld. Otago: 141/f9592,f8893, 
Lwh: .l411f9599, Ld. Southland: A45/f9543,f9553, Lwh. 

LATE EOCENE. West Coast: 132/f7848 (CC64155-6. 
USNM68875I ), Ethel Creek type locality of E. omotoense, 
Ar: K29/f6504. Ar. Otago: 141/f8817, Ar. 

MIDDLE EOCENE. Canterbury: 140/flOO. McCulloch's Bridge. 
Ab (Canterbury University collection). 

Elpltidium advellum Iimbatum (Cushman) 
PLEISTOCENE. East Coast: YI4/f7505, Wc. Taranaki: 

SE38172/fl, Tane-I, ctgs. 790-800m, Wn-Wc. 
PLIOCENE. Hawkes Bay: X 19/f7773, f7754. Wo; WI5/f8503, 

Wm. 
MIDDLE MIOCENE. Southland: C45/f9454. SI. 
EARLY MIOCENE. Northland: N021fI 12. Po: 0051f2. Po; Q08/ 

f9794 (FP2094), ePI; Q08/f9914, ePI. Auckland: RII/f9, II 
(FP4042), Po; Q IIIf6537 (USNM243348), ePI. East Coast: 
YI41t7811, Po. Nelson: N25/f8480, PI. West Coast: L30/ 
f6594, Lw; L30/f6793, Po. Canterbury: 138/f7608, f7607. 
Lw; M34/f71. 139/f7642, Po. Otago: 141/f8498. ePI. 
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Southland: F46/f8490, Lw-Po; D45/f8487, PI. 
OLIGOCENE. Waikato: R15/fl 12, eLwh; SI4/fl3, core 14.5-

14.5 m, Lwh-Lw. Taranaki: SI 9/f9509, Ld. West Coast: K29/ 
fl53, Lwh; L28/f7504, Ld. Otago: 141/f8896, Lwh; 1411 
f9597, Ld. Southland: D45/fl9, Lwh; F45/f8492, f8495, Ld. 

LATE EOCENE. West Coast: 132/f7848, Ar; K29/f6503, Ar. 
Otago: 1411f8817,f8886, Ar. 

Elphidium advellum macelliforme Hayward n.ssp. 
PLIOCENE. Hawkes Bay: XI 9/f7771,f82, Woo 
LATE MIOCENE. East Coast: Y 14/f784 I, Il!te Tt. 
OLIGOCENE. West Coast: L28/f7504 (TFI 64911 -3, 

USNM487675), Ld. Otago: 1411f9546, Lwh. 

Elphidium adve/lum maorium Hayward n.ssp. 
PLEISTOCENE. Wanganui: S22/f6567, Wn. Manawatu: T24/ 

f6597, Wn; T24/f6599, Wc. Bay of Plenty: WI 5/f7501, Wc. 
East Coast: YI4/f7505, Wc. Hawkes Bay: V20/f8580, Wn; 
V211f6005, Wn. 

PLIOCENE. Taranaki: SE39173/fl, Maui-2 ctgs. 375-384m, 
Wm. Wanganui: T2 1/f85 I I, Wo; T22/f8539, Wp; S22/f6557, 
Wm. Hawkes Bay: XI9/f9521, Wp; WI9/f8503,f7, Wm; 
V21/f8632, Wm. West Coast: K32/f8701, Wp-Wm. 

LATE MIOCENE. West Coast: K29/f8513, Sw-Tt; K29/f8514, 
Tt-Tk; 132/f9655, f9656, late Tt. 

MIDDLE MIOCENE. Hawkes Bay: V22/f7470, Sw. Southland: 
D45/f8656,f8659, SI; D45/f8674,f8675, Sw. 

EARLY MIOCENE. Northland: N02/fl 12, Po; 005/fl, Po; 006/ 
fl3, Po; Q08/f9679, f9914, ePI. Auckland: QII/f6537 
(USNM243348), ePI. Canterbury: 139/f7635, Po. M34/f7038, 
PI. Otago: 141/f8498-9, PI. Southland: D45/f8480, Po. 

OLIGOCENE. Otago: 141/f8896, Lwh. 
LATE EOCENE. Southland: 1411f8882,f8883, Ar. 

Elphidium carteri Hayward n.sp. 
MIDDLE MIOCENE. Southland: D45/f8662, SI; D45/f8671. 

Sw. 
EARLY MIOCENE. Wellington: T27/f1 70,f1 74, late PI. 

Southland: F46/f8490, Lw-Po. 

Elplridium charlottellse (Vella) 
PLEISTOCENE. Taranaki: SE371741fI, Tuatua-I ctgs. 650m, 

Wn; SE38174/fl, Mangaa-I ctgs. 960-98 1m, Wn. Wanganui: 
R22/f6348, Wn; R22/flI I, fl61 ,[6521, Wc. Manawatu: T22/ 
f8554, f8555, Wn; T24/f6597, Wn; T24/f6599, Wc. Bay of 
Plenty: VI5/fl6, Wc; WI5/f9540, Wc. East Coast: Y14/ 
f7505. Wc. Hawkes Bay: V201f149, f8580, f8581, Wn. 
Wellington: S27/f8587, f8724, Wn. Great South Basin: 
SE47 I 69/fl, Tara-I, Wn. 

PLIOCENE. Waikato: RI3/f6009A, Woo Taranaki: P20/fl4, Te 
Kiri- ctgs. 350m, Wo; SE38 I 741fI, Mangaa- I ctgs. 2240-
2249m, Wp; SE38 I 73/fl, Wainui-I ctgs. 1600m, Wp. 
Wanganui: R20/fl, Wo; T21/f85 14, Wp; S21/f8548, Wm; 



T20/f8510, Wp-Wm. Hawkes Bay: X191f345, f9506, f9521, 
Wp; U22/f8544, Takapau-I, 243m, Wm; WI9/fl. Wm. Wel
lington: T26/f345, Wp; S27/f443, Wm. Canterbury: M33/f2, 
Wo-Wm; SE441721f1, Resolution-I ctgs. 545-550m, Wo-Wp. 

LATE MIOCENE. Taranaki: QI9/f60, Tt. Wanganui: T20/f2, 
Tk. East Coast: Z 14/f9512, Tk. Hawkes Bay: U231f132, Tt
Tk. Wellington: S28/f39, Tt; T26/f2] 7, Tt; T251f126, Tk. 
West Coast: 132/f9673 (FPI393, Kennett I 966a), Tk. 

MIDDLE MIOCENE. East Coast: ZI6/f12, Sw-eTt. 
EARLY MIOCENE. Canterbury: 139/f9510, Po. Otago: 141/ 

f8790, PI. Southland: F46/f8490, Lw. 
OLIGOCENE. Otago: 1411f9601, Ld. Southland: D45/f29, Lwh. 

Elphidium crispum crispum (Linne) 
PLEISTOCENE. Taranaki: SE38174/fJ, Mangaa-I ctgs. 

960981m, Wn. Wanganui: R22/f6348, Wn; R22/f1II,f6521, 
Wc. Manawatu: T22/f8555, Wn; T24/f6597. Wn; T24/f6599, 
Wc. BayofP1enty: WI5/fl501, Wc. Hawkes Bay: V20/f149, 
f8580, Wn. Wellington: S27/f8587, Wn. 

PLIOCENE. Northland: SE341731f1, Woo Waikato: R 13/f6009A, 
Woo Wanganui: Q22/fl667, Wp; S22/f6557, Wm. East Coast: 
YI4/fl618, eWo. Hawkes Bay: XI9/fl772,f82, Wo; V21/ 
f8628, Mason Ridge-I, 1524m, Wp. Southland: C45/f8I, Woo 
Chatham Islands: CH/f281, f293, Wo; CHlf296, Wo-Wp; CHI 
f312, Wm. 

LATE MIOCENE. East Coast: YI4/fl506, fl841. late Tt-Tk: 
Hawkes Bay: V22/f361, Tt. West Coast: 132/f9644 (VF399). 
Tk. Southland: C45/f163, Tt-Tk. 

MIDDLE MIOCENE. Northland: N021f7584, Sl-Sw. Taranaki: 
Q 19/f34, Manganui-I, ctgs. 1800m, Sc. East Coast: Z 15/ 
f6188, Sc; YI6/f603, SI; Y 16/fl46, SI-Sw. Hawkes Bay: V21/ 
f8521, Sw; V23/f6438, Sw. West Coast: K32/f6716, Sc. 
Southland: C43/f13, SI; D45/f847I , SI; C45/f9, Sw; D45/ 
f8673, SW. Auckland Islands: AKlf25, Pl-Sw. 

EARLY MIOCENE. Northland: 006/fl564, Lw; P06/fl573, Lw; 
N02/fl554, Po; 005/f2-3, Po; 006/f23, Po; N02/fl544, ePI; 
Q08/f9455,f9792 (USNM243349, 243351) type locality of 
E. gibsoni, ePl; N02/f113, mPI. Auckland: R09/fl2, Po; R II / 
f8,f9,fl709 (FP4043, USNM243350), Po; RII/f6537, ePI; 
RII/fl589, mPI. Waikato: RI4/f6527, Lw; RI3/f6579, Po; 
S 16/f8003, Po. Taranaki: SE38173/f8, Kora-4 ctgs. 2305m, 
m PI; Q21/f6572, Kapuni-I ctgs. 2420m, late PI. East Coast: 
Y 14/fl811, Po; Z 14/f192, Po; Y 16/f8787, fl822, late PI. Wel
lington: U25/f127, PI; T27/f169, PI; T271f170, late PI. Nel
son: N25/fl8, PI; West Coast: M29/f8624, Lw; L30/f6502, 
Po. Canterbury: 1381f7607, fl608, Lw; 138/f6502, Po; M34/ 
fl038, PI. Otago: 140/f9519, Lw; 141/f8498, PI. Southland: 
F45/f52 ctgs. 78.68-78.73m, Lw-PI; F46/f8490, Lw-Po; D45/ 
f8480, Po; D45/f8624, f8487, PI. 

OLIGOCENE. Northland: 004/f54, eLwh; 0061f7564, Ld. 
Auckland: T10/f8505, Ld. Waikato: RI4/f6541, eLwh; R15/ 
f8067, Lwh; RI4/f59, f23, Ld. Taranaki: S 19/f9509, Ld. West 
Coast: L28/f69, Lwh; L26/fl2, Lwh; L26/f9, Lwh-Ld; L25/ 
fl4, Lwh-Ld; L28/fl504, fl543, Ld. Canterbury: K34/f54, 
Lwh; K36/f6505, Lwh-Ld; K34/fJ6, Ld. Otago: 141/ 
f8731,f8892, Lwh. Southland: A45/f9542, Lwh; D45/f29, 
Lwh; F45/f126, Ld-Lw; F45/f8492, f8498, Ld; G45/f8499, 
Ld. 

LATE EOCENE. Northland: 005/fl501, fl646, Ar. Waikato: 
S 16/fl2 ctgs. 274-8m, Ar. Otago: 141/f8591, f8726, Ar. 
Southland: A45/f9528, Ar. 

Elphidium crispum waiwiriense Hayward n.ssp. 
EARLY MIOCENE. Waikato: R 13/f6551 ,f6579,f55,f57,f59 

(TF 165211-4, USNM487678), Waiwiri Beach type local ity. 
Po. Southland: F46/f43, Lw-Po. 

Elphidium excavatum clavatum (Terquem) 
PLEISTOCENE. Taranaki: SE381721f1, Tane-I ctgs. 590-600m, 

Wn-Wc. Wanganui: R22/f6348, Wn; S22/f6565 (VF1000), 
Wn. Manawatu: T22/f8555, Wn; T24/f6597, Wn; T24/f6599, 
WC. East Coast: YI4/fl505, Wc. Hawkes Bay: V201f149, 
f8580, Wn; V21/f8634, Wn. Wellington: S27/f8587, Wn. 

PLIOCENE. Wanganui: Q221f7667, Wp; S22/f6557, Wm. 
LATE MIOCENE. West Coast: K32/f8697 (FPI394), Tt. 
MIDDLE MIOCENE. Southland: D45/f8657,f8659,f8664, SI; 

D45/f8671 ,f8675, Sw. 
EARLY MIOCENE. Northland: N02/f112, Po; 006/f28,f38, Po; 

Q08/f9680,f9914, ePI. West Coast: L30/f6793, Po. Canter
bury: M34/fl038, PI. Otago: 1411f8498,f8499, PI. Southland: 
D45/f8487, PI. 

Elphidium excavatum excavatum (Terquem) 
PLIOCENE. Hawkes Bay: X 19/fl765, fl755, Woo 

Elphidium excavatum williamsoni Haynes 
PLEISTOCENE. Hawkes Bay: V20/f8582, Wn; V21/f8634, Wn. 

Elphidium hampdenense Finlay 
MIDDLE EOCENE. Northland: Q08/f278, f9749 Dh; P05/fl15 

Dh. East Coast: X 17 /fl83, Rere-1 ctgs. 1650-1800 m, Dh. 
Hawkes Bay. V22/f8840, f8922, Dh. Wellington: S28/f8572, 
Dh. Marlborough: 029/fl5, Dh. Canterbury: N33/f9054, Dh. 
Otago: J42/f8532 (TF 1 08011-4), Hampden Beach type lo
cality, Dh. Great South Basin (Raine et al. 1993): SE47 169/ 
f1, Toroa-I ctgs. 969-996 m, Dh; SE481691f1, Pakaha-1 ctgs. 
1703-1914 m, Dh; SE48169/f2, Kawau-1 A ctgs. 1883-1990 
m, Dh; SE491691fl, Hoiho-1C ctgs. 1317-1400 m, Dh. 

Elphidium ingressans Dorreen 
LATE EOCENE. West Coast: 132/f7848 (CC64152-3, 

USNM688473), Ethel Creek type locality, Ar; K29/8633, 
Charleston-I, Ar-eLwh. 

Elphidium kanoum Hayward 
MIDDLE MIOCENE. Taranaki: R 19/fI, Sc-Sw. West Coast: 

K32/f6716, Sc. Southland: D45/f864I , f8477, Sc; D45/f8664, 
SI; D45/f8651, Sc-SI. 

EARLY MIOCENE. Northland: N02/fl554, Po; 006/f8534, Po; 
N021f7551, PI; N02/flI3, mPl; Q08/f9454,9608,f9792, 
(TF 1580/2-3, USNM243360-1), ePI; Q08/f9457 (TFI580/ 
I), type locality, ePI. Auckland: R11/f8, fl514 (FP4044), Po; 
S 12/f9560, Po. Waikato: R 13/f6551, Lw; R 14/f6573, f23, 
Lw; R 13/f6553, f6579, Po; Taranaki: R 18/f55, PI; SE39174/ 
fI, Kupe-I ctgs. 2528-38m, PI. Wellington: T27/fl74, late 
PI. Nelson: N251f18, PI; West Coast: L30/f6502, Po; L29/ 
f8555, PI; K32/f6139, PI. Canterbury: 138/fl608, fl628, Lw; 
138/f6502, Po; M34/fl038, PI. Southland: D45/f8636, f8487, 
PI. Auckland Islands: AKlf25, Pl-Sw. 

OLIGOCENE. Northland: 006/fl564, Ld. 

Elphidium matanginuiense Hayward n.sp. 
EARLY EOCENE. Chatham Islands: CHIf3 (TF 1655/1-3, 

USNM487681) type locality. eDw; CH/f374, f387, Dw; CHI 
f54, Dm. 

Elphidium matauraense Hayward n.sp. 
EARLY MIOCENE. Northland: Q08/f9914, ePI. Southland: F46/ 

f42, F46/f52 ctgs. 78.68-78.73m (TFI5611l-3, 
USNM487682) type locality, Lw-Po. 
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Elphidium novozealandicum Cushman 
PLEISTOCENE. Wanganui: R22/fl61, Wc; Manawatu: T22/ 

fS554, Wn; T24/f6555, Wc. Bay of Plenty: W151f7501, Wc; 
WI5/f9540, Wc. East Coast: Y141f7505, Wc. Hawkes Bay: 
V20/fl49, fS580, Wn. Wellington: S27/fS587, fS724, Wn. 
Canterbury: 032/fSII0, Wn-Wc. Chatham Islands: CH/f423, 
Wn-Wc. 

PLIOCENE. Northland: SE34 I 73/f1 , Woo Waikato: R 13/f6009A, 
Woo Wanganui: Q221f7667, Wp; S22/f6558, Wm; T20/fS510, 
Wp-Wm. East Coast: Y141f7618, eWo. Hawkes Bay: X19/ 
fl761,fS2, Wo; U22/fS544, Takapau-I, 880m, Wo-Wp; XI9/ 
f9506, Wp; V21/fS628, Mason Ridge-I, 1524m, Wp; U22/ 
fS544, Takapau-I, 243m, Wm; V2 IIfl, Wm. Wellington: R27/ 
f156, Printers Flat-I. 56m, Woo Canterbury: 032/fS936, Wm
Wn. 

LATE MIOCENE. East Coast: Y141f7506, fl581, Tk; ZI4/f9504, 
f9671, f9509, Tk. 

Elphidium aff. novozealandicum Cushman 
PLIOCENE. Waikato: RI3/f6009A, Woo 
LATE MIOCENE. East Coast: Y 141f784 I , late Tt. Hawkes Bay: 

V22/f161, late Tt. Wellington: T261f217, £159, Tt; S28/f6688 
(VF£169), Tt. 

MIDDLE MIOCENE. Northland: N02/fl584. SI-Sw. Hawkes 
Bay: V21/fS521, Sw. 

Elphidium oceanicum Cushman 
PLEISTOCENE. East Coast: Y141f7505, Te Piki, WC. 

Elphidium pseudoinflatum Cushman 
MIDDLE MIOCENE. Northland: N021f7584, SI-Sw. Hawkes 

Bay: V23/f6438, Sw. Taranaki: R 19/f1, Sc-Sw. East Coast: 
YI6/f451, SI. Southland: 045/fS477. Sc; 045/fS47I , fS475, 
SI; C45/f9, Sw; 045/fS673, Sw. 

EARLY MIOCENE. Northland: 0061f7564, Lw; N02/fl554, Po; 
005/f2-3, Po; N02/flI2, Po; Q08/f9455, f9457, 
(USNM243358-9), ePI; Q09/f9505, f9532, f9581, 
(USNM243355-7), ePI; N02/f113, mPI. Auckland: R09/fl2, 
f75, Po; RII/fl26, Po; S II/fll, Po; R111f7589, PI. Waikato: 
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R 13/f59, Lw-Po. Taranaki: R 18/f40 cuttings 349-354m, PI. 
East Coast: Y 16/fS787, late PI. Nelson: N26/fS508, PI. Can
terbury: I381f7607, fl608, fl628, Lw; M34/f7\, Po; M34/ 
f7038, PI. Southland: F46/fS490, Lw-Po; 045/fS487, PI. 

OLIGOCENE. Northland: 0061f7564, Ld. Waikato: RI4/f6541, 
eLwh; RI5/fS067, Lwh. West Coast: K29/£153 (VF619, 
VF619p, TFI548/2,3), types of E. hornibrooki, Lwh; L28/ 
f43, eLwh; L28/fl504, f7543, Ld. Southland: 045/£19, Lwh; 
C461f7574, Lwh-Ld; F45/fS495, Ld; F451f126, Ld-Lw. 

LATE EOCENE. West Coast: K29/f6504,f6505, Ar. 

Elphidium saginatum Finlay 
MIDDLE EOCENE. Northland: 005/fl728, Dp. Taranaki: 

SE38173/f1, Wainui-I ctgs. 3200-3205m, Dp; SE381731f7, 
Te Kumi-I ctgs. 3820m, Op. East Coast: YI6/£110, Dp. 
Hawkes Bay: V22/fS837, Op; U24/f9142 (TFI08111-4, 
USNM689074), Mangatoro type locality, Dp; West Coast: 
G361f2, Op. Canterbury: N33/fSI68, Op. Chatham Islands: 
CH/f507, Op. Great South Basin (Raine et al. 1993): 
SE4 71 69/fl , Toroa-I ctgs. 823-965 m, Op; SE48169/fI, 
Pakaha-I ctgs. 1439-1703 m, Op; SE 48170/f1, Pukaki-I ctgs. 
1825-2400m, Op. 

Elphidium schencki Cushman & Dusenbury 
LATE EOCENE. Northland: Q08/£189, Ab-Ak; Q08/f108, Ab

Ar. West Coast: J321f7848 (CC64154, USNM688474), Ethel 
Creek type locality of E. nitidum, Ar. 

MIDDLE EOCENE. Northland: Q08/f9018, Ab. 

Elphidium wadeae (Homibrook) 
EARLY MIOCENE. Canterbury: Tengawai, Lw; I40/f9519, Lw; 

I381f7607, Lw; M341f71, Po. Southland: D45/fS678, Po. 
OLIGOCENE. Waikato: RI4/f6541, eLwh; RI5/fl04,flI2, 

eLwh; SI6/f6590, Ld; RI4/£13, Ld. Nelson: 027/£18, Lwh. 
West Coast: L28/f43, eLwh; L26/f9, fI 0, f12, Lwh; L251f14, 
Lwh-Ld; L281f7504, Ld. Southland: F45/fS492, f9494A, 
Chatton, Ld. G45/fS499 (TF 142911 -2), Chatton type local
ity, Ld; 045/fS498, Ld; D45/£19, Lwh. 



Genus Discorotalia 

Discorotalia aranea (Homibrook) 
MIDDLE MIOCENE: Southland: D45/fS645. fS646, Se; C45/ 

f9547, Sw; D45/fS673, Sw. 
EARLY MIOCENE. West Coast: L30/f6793, Po; L29/f9726, Po; 

L30/f6517, PI. Canterbury: N33/f35, Po; N341f7507, PI; M34/ 
t7038, PI. Otago: 141/fS818, PI; 14 1/f8790 (TF133 1/1), Old 
Rifle Butts type locality, PI; 141/fS793, PI. Southland: D45/ 
fS487, fS624, PI. 

Discorotalia tenuissima (Karrer) 
MIDDLE MIOCENE. Canterbury: M341f7605, SI. Southland: 

D45/fS477, Se; D45/f8471, SI; C45/f9, f9546, Sw; D45/ 
fS670, Sw. Great South Basin: SE47169/f2, Tara-I etgs., Sw. 

EARLY MIOCENE. Northland: 008/f33, PI. Auckland: RI II 
f7555 (FP2019-20), Hobson Bay type locality, Po. Taranaki: 
RI7/f8512, (FPI833), Po. East Coast: Y141f7811, Po. Wel
lington: T27/f174, late PI. Nelson: N25/f18,fS480, PI; N26/ 
f8508, PI. West Coast: L30/f6594, Lw; L30/f6767, Po; N33/ 
f35, Po; K32/f6142, PI. Canterbury: 1381f7607,t7608, Lw; 
I40/f9519, Lw; M34/f7!, Po; M341f7038, PI. Otago: 141/ 
f8498, fS793, PI. Southland: F46/f849I , Lw-Po; D45/f8678, 
Po; D45/fS487,fS624, PI. 

OLIGOCENE. Northland: 0061f7564, Ld. West Coast: L28/ 
t7543, Ld; Southland: D45/f29,f9494, late Lwh; E44/fS587, 
late Lwh; F45/fS495,fS498, Ld; F45/f126, Ld-Lw. 

Genus Haynesina 

Haynesina depressula depressula (Walker and Jacob) 
PLEISTOCENE. Taranaki: SE38173/f3, Wainui-1 etgs. 600m, 

Wn; SE38 I 74/f1 Mangaa-I etgs. 850-868m, Wn. Wanganui: 
R22/f6348, Wn; R22/f1II, f161, f6521, We. Manawatu: T22/ 
fS554, fS555, Wn; T24/f6597, Wn; T24/f6599, We. Bay of 
Plenty: WI5/t7501, We. East Coast: Y141f7505, We. Hawkes 
Bay: V20/fS580, Wn; V21/fS634, Wn. Wellington: S27/ 
f8587, Wn. Chatham Islands: CH/f406, Wn. 

PLIOCENE. Waikato: RI3/f6009A, Woo Taranaki: SE38174/f1, 
Mangaa-I etgs. 2240-2249m, Wp. Wanganui: T211f851I, Wo; 
022/f7667, Wp; S22/f6558, Wm. Hawkes Bay: X191f7749, 
Wo; WI9/fS503, Wm. Wellington: R27/fS573, Woo Canter
bury: 033/f48, Wp-Wm. Chatham Islands: CH/f302, Wo
Wp. 

LATE MIOCENE. West Coast: K29/f8514, Tt-Tk. Southland: 
D45/fS442, Tt. 

MIDDLE MIOCENE. East Coast: Z 16/f12, Sw-eTt. Southland: 
D45/fS471, SI. 

EARLY MIOCENE. Northland: 007/f9580, Po; 008/f33, cPt. 
Auckland: R 11/fS,t7555, Po; 0 I 0/f953 I , ePI. Waikato: R13/ 
f57, Lw-Po; R 13/f61, Po. Canterbury: I381f7608, Lw; 140/ 
f9519, Lw; M34/f71, Po; M34/f7038, PI. Otago: 141/fS498, 
PI. Southland: D45/fS469, Lw; F46/f43, Lw; F46/f52 etgs. 
78.68-73m, Po-PI. 

OLIGOCENE. Waikato: SI2/f9554, Lwh; RI2/f1, Lwh; R14/ 
f37, late Lwh; R 13/f60 16, Ld; RI5/f94, Ld. West Coast: L26/ 
fI 0, Lwh; L28/f7504, Ld. Otago: 141/f9499, Lwh. Southland: 
F45/f8492, Ld. 
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APPENDIX IV 
Fossil New Zealand records of Elphidium, Discorotalia and Haynesina by 

epoch and stage 

New Zealand stage symbols (Figure I) are used for the time ranges of individual taxa. 

Early Eocene 
E. matanginuiense Ow-Om 

Middle Eocene 
E. advenum advenum Ab
E. hampdenense Oh 
E. saginatum Op 
E. schencki Ab-

Late Eocene 
E. advenum advenum -Ar
E. advenum limbatum Ar
E. advenum maorium Ar
E. crispum crispum Ar-
E. ingressans Ar 
E. pseudoinjlatum Ar
E. schencki -Ak-Ar 

Oligocene 
E. advenum advenum -Lwh-Ld
E. advenum limbatum -Lwh-Ld-
E. advenum macelliforme Lwh-Ld
E. advenum maorium -Lwh-
E. charlottense Lwh-Ld-
E. crispum crispum -Lwh-Ld
E. kanoum Ld-
E. pseudoinjlatum -Lwh-Ld
E. wadeae Lwh-Ld-
H. depressula depressula Lwh-Ld
D. tenuissima Lwh-Ld-

Early Miocene 
E. aculeatum norcotti Lw-Po 
E. aculeatum subrotatum PI
E. advenum advenum Lw-PI
E. advenum limbatum -Lw-PI
E. advenum maorium -Po-PI
E. carteri Lw-PI-
E. charlottense Lw-PI-
E. crispum crispum -Lw-PI-
E. crispum waiwiriense Lw-Po 
E. excavatum clavatum Po-PI
E. kanoum -Lw-PI-
E. matauraense Lw-PI 
E. pseudoinjlatum -Lw-PI
P wadeae -Lw-Po 
H. depressula depressula -Lw-PI
D. tenuissima -Lw-PI-
D. aranea Po-PI-

Middle Miocene 
E. aculeatum subrotatum -Sc-Sw 
E. advenum advenum -Sw 
E. advenum limbatum -SI-
E. advenum maorium -SI-Sw
E. carteri -SI-Sw 
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E. charlottense -Sw-
E. crispum crispum -Sc-Sw-
E. excavatum clavatum -SI-Sw
E. kanoum -Sc-Sw 
E. aff. novozealandicum Sw
E. pseudoinjlatum -Sc-Sw 
H. depressula depressula -SI-Sw
D. aranea -Sc-Sw 
D. tenuissima -Sc-Sw 

Late Miocene 
E. advenum macelliforme -Tt
E. advenum maorium -Tt-Tk
E. charlottense -Tt-Tk-
E. crispum crispum -Tt-Tk
E. excavatum clavatum -Tt
E. aff. novozealandicum -Tt
E. novozealandicum Tk-
H. depressula depressula -Tt-Tk-

Pliocene 
E. advenum limbatum -Wo-Wm
E. advenum macelliforme -Wo 
E. advenum maorium -Wo-Wm
E. charlottense -Wo-Wm-
E. crispum crispum -Wo-Wm-
E. excavatum clavatum -Wp-Wm
E. excavatum excavatum Wo-
E. novozealandicum -Wo-Wm-
E. aff. novozealandicum -Wo 
H. depressula depressula -Wo-Wm-

Pleistocene 
E. advenum limbatum -Wc-
E. advenum maorium -Wn-Wc
E. charlottense -Wn-Wc-
E. crispum crispum -Wn-Wc-
E. excavatum clavatum -Wn-Wc
E. excavatum williamsoni Wn-
E. novozealandicum -Wn-Wc-
E. oceanicum Wc 
H. depressula depressula -Wn-Wc-

Recent 
E. advenum limbatum Ar-Rec 
E. advenum maorium Ar-Rec 
E. charlottense Lwh-Rec 
E. crispum crispum Ar-Rec 
E. excavatum clavatum Po-Rec 
E. excavatum excavatum Wo-Rec 
E. excavatum oirgi Rec 
E. excavatum williamsoni Wn-Rec 
E. gunteri Rec 
E. novozealandicum Tk-Rec 
E. vellai Rec 
H. depressula depressula Lwh-Rec 
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Plate 1 

Fig. 1-2 Elphidium vitreum Collins, holotype, Viet F42147, 
Port Phillip, Victoria, Australia, Recent. 
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3 Elphidium excavatum excavatum (Terquem). Apertural face and apertures. 
FP4306, F201585, Stewart Island, New Zealand, Recent. 

4 Elphidium novozealandicum Cushman. Apertural face and apertures. 
FP4384, YI4/f7505, Te Piki, East Coast, New Zealand, Wc, Pleistocene. 

5 Discorotalia tenuissima (Karrer). Apertural face. FP4416, J411f8498, Target Gully, 
Otago, New Zealand, PI, early Miocene. 

6 Haynesina depressula depressula (Walker & Jacob). Apertural face and apertures. 
FP4031, F20 1 0002, Auckland Islands, New Zealand, Recent. 

7 Elphidium advenum maorium Hayward. Small umbilical boss and inner ends of chambers. 
Holotype, TF1648/1, Waitemata Harbour, Auckland, New Zealand, Recent. 

8 Elphidium aff. novozealandicum Cushman. Umbilical ornament. FP4307, V211f361, 
Hawkes Bay, New Zealand, Tt, late Miocene. 

9 Elphidium novozealandicum Cushman. Umbilical ornament. F20 1838, FP4383, 
Cuvier Island, Waikato, New Zealand, Recent. 

10 Haynesina depressula depressula (Walker & Jacob). Umbilical ornament. FP4030, F201002, 
Auckland Islands, New Zealand, Recent. 

11 Elphidium hampdenense Finlay. Radial ribs and septal bridges surround small, depressed 
umbilical area. Topotype, FP4367, J42/f8532, Otago, New Zealand, Dh, middle Eocene. 

12 Elphidium excavatum excavatum (Walker & Jacob). Sutural ornament and short septal 
bridges. FP4306, F20 1585. Stewart Island, Recent. 

13 Elphidium crispum waiwiriense Hayward. Peripheral portion showing development of 
double row of septal pores. Holotype, TF165211, Waikato, New Zealand, Po, early Miocene. 

14 Elphidium hispidulum Cushman. Close-up ofhispid ornament around base of apertural face. 
FP4372, F201595. Claremont Lightship. Queensland. Australia, Recent. 

15 Elpltidium carteri Hayward. Close-up of radial ribs, short septal bridges, small umbonal 
boss and coarse granular ornament. Paratype, TF 1 650/2, F201595, Claremont Lightship, 
Queensland. Australia, Recent. 

16 Elphidium collinsi Hayward. Close-up of ornament around the umbilical region. 
Holotype, TFI651/1, F201331. Watsons Bay, New South Wales, Australia, Recent. 

(Scale bar = 0.1 mm) 

p.93 
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Plate 2 

Elphidium aculeatum norcotti Hayward, holotype, TFI647!l, U25/f6564, Wellington, p.63 
New Zealand, late Lw-Po, early Miocene. 

Elphidium aculeatum norcotti Hayward, late Lw-Po, pmiltype, TFI647/2, 
U25/f6564, Wellington,New Zealand, early Miocene. 

Elphidium aculeatum norcotti Hayward, late Lw-Po, paratype, TFI647/4, 
U25/f6564, Wellington,New Zealand, early Miocene. 

Elphidium aculeatum subrotatum (Homibrook), topotype, FP4308, J411f8498, 
Otago, New Zealand,Pl, early Miocene. 

Elphidium aculeatum subrotatum (Hornibrook), topotype, FP4309, J41/f8498, 
Otago, New Zealand, PI, early Miocene. 

Elphidium aculeatum subrotatum (Homibrook), topotype, FP43 10, J41 1f8498, 
Otago, New Zealand, PI, early Miocene. 

p.64 

Elphidium advenum advenum (Cushman), FP4311, F202149, Suva Pt., Fiji, Recent. p. 65 

Elphidium advenum advenum (Cushman), FP4312, F201635, Vava'u, Tonga, Recent. 

Elphidium advenum advenum (Cushman), FP4313, F20 1636, Suva, Fiji, Recent. 

Elphidium advenum advenum (Cushman), FP4314, J32/t7848, West Coast, 
New Zealand, late Eocene. Topotype of E. omotoense Dorreen. 

Elphidium advenum advenum (Cushman), FP4315, J32/t7848, West Coast, 
New Zealand, late Eocene. Topotype of E. omotoense Dorreen. 

Elpltidium advenum advenum (Cushman), FP4316, J32/t7848, West Coast, 
New Zealand, late Eocene. Topotype of E. omotoense Dorreen. 

(Scale bar = 0.1 mm) 
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Plate 3 

Elpltidium advenum botaniense Albani, CC 18896, PagoPago, Samoa, Recent. 

Elphidium advenum botaniense Albani, FP43 17, F20 1595, Claremont Lightship, 
Queensland, Australia, Recent. 

Elphidium advenum dispar Cushman, topotype, USNM, Rongerik Lagoon, 
Marshall Islands, Recent. 

Elpllidium advenum dispar Cushman, FP4318, F20 I 636, Suva, Fij i, Recent. 

Elphidium advenum fimbatum (Chapman), paratype, CC14249, Beaumaris, 
Victoria, Australia, Recent. 

Elpftidium lIdvenum fimbatum (Chapman), Viet F76944, Port Phillip, Victoria, 
Australia, Recent. Topotype of E. earlandi avolonense Collins. 

Elpllidium advenum fimbatum (Chapman), FP4020, F202026, Pauatahanui Inlet, 
Wellington, New Zealand, Recent. 

Elphidium advellum limbatum (Chapman), FP4028, F201883, Otago Harbour, 
New Zealand, Recent. 

Elphidiu11l adve1lu11l fimbatum (Chapman), FP43 19, F20 1109, Paterson Inlet, 
Stewart Island, New Zealand, Recent. 

Elphidiu11l advellum fimblltum (Chapman), FP4320, F20 II 06, Auckland Islands, 
New Zealand. Recent. 

(Scale bar = 0.1 mm) 
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Plate 4 

Elpllidium advenum limbatum (Chapman), FP4321, F201636, Suva, Fiji, Recent. 

Elpllidium advenum limbatum (Chapman), FP4322, R14/f6541, Waikato, New Zealand, 
eLwh. Oligocene. 

Elphidium advenum limbatum (Chapman), FP4323, S 14/f23 core 14.4-14.5m, Waikato, 
New Zealand, Lwh-Lw, Oligocene. 

p.67 

Elpllidium atlvenum limbatum (Chapman), FP4324, M3417038, Canterbury, PI, early Miocene. 

Elpllidiul1l at/vellum limbatum (Chapman), FP4325, Q08/f9914, Northland, New Zealand, 
PI, early Miocene. 

Elpltitlium atlvellum limbatum (Chapman), FP4326, K29/f253, West Coast, New Zealand, 
Lwh, Oligocene. 

Elpllidium advellum maorium Hayward, holotype, TF1648!l, F201347, Waitemata p.69 
Harbour, Auckland, New Zealand. Recent. 

Elpllitlium advellum maorium Hayward, paratype, TF1648/2, F201347, Waitemata 
Harbour. Auckland, New Zealand, Recent. 

Elpllitliul1l advellllm maorium Hayward, FP4327, F202302, Port Pegasus, Stewart Island, 
New Zealand. Recent. 

Elpilidilll1l advellllm maorium Hayward, FP4328, F20 II 09, Stewart Island, 
New Zealand, Recent. 

(Scale bar = 0.1 mm) 
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Plate 5 

Elpllidium advenum maorium Hayward, FP4329, U14/t7505, Te Piki, East Coast, 
New Zealand, We, Pleistocene. 

Elpllidium advenum maorium Hayward, FP4330, Q08/f9679, Pakaurangi Pt, Northland, 
New Zealand, ePI, early Miocene. 

Elpllidium advenum maorium Hayward, FP4331, Q08/f9679, Pakaurangi Pt, Northland, 
New Zealand, ePI, early Miocene. 

Elpllidium advenum maorium Hayward, FP4332, J41/f8498, Target Gully, Otago, 
New Zealand, PI, early Miocene. 

p.69 

Elpllidium advenum macelliforme McCulloch, FP4333, L28/t7504, Little Wanganui Head, p. 68 
West Coast, New Zealand, Ld, late Oligocene. 

Elpllidium advenum macelliforme McCulloch, FP4335, Y14/t784l, East Coast, 
New Zealand, late Tt, late Miocene. 

Elpflidium advenum macelliforme McCulloch, FP4334, L28/t7504, Little Wanganui Head, 
West Coast, New Zealand, Ld, late Oligocene. 

Elp!tidium advenum macelliforme McCulloch, FP4336, 10m, Port Phillip Bay, Victoria, 
Australia, Recent. 

Elp"idiul1l advenum tongaense (Cushman), paratype, CC I 9904, Vava'u, Tonga, Recent. p.70 

Elp"idiul1l advenum tongaense (Cushman), FP4337, F201130, Suva, Fiji, Recent. 

Elp"idium lllivenum tongaense (Cushman), FP4338, F201130, Suva, Fiji, Recent. 

(Scale bar = 0.1 mm) 
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Plate 6 

Elphidium albanii Hayward, holotype, TF 164911, F20 1595, Claremont Lightship, 
Queensland, Australia, Recent. 

Elphidium albanii Hayward, paratype, TFI649/2, F201595, Claremont Lightship, 
Queensland, Australia, Recent. 

Elphidium albanii Hayward, FP4365, 20 m, off Malabar, New South Wales, Australia, 
Recent. 

Elphidium argellteum Parr, topotype, FP4339, F20 1584, Barwon Heads, Victoria, 
Australia, Recent. 

Elphidium carteri Hayward, holotype, TF 165011, F20 1595, Claremont Lightship, 
Queensland, Australia, Recent. 

Elphidium carteri Hayward, paratype, TF1650/2, F201595, Claremont Lightship, 
Queensland, Australia, Recent. 

Elpltidium carteri Hayward, FP4340, F46/f8490, Southland, New Zealand, Lw, 
early Miocene. 

p. 70 

p. 71 

p. 71 

Elpltidium cltarlottense (Vella), topotype, FP4341, F20 1283, Queen Charlotte Sound, p. 72 
Marlborough, New Zealand, Recent. 

Elphidium cltarlottellse (Vella), AK92429, L6740, Purakanui Inlet, Otago, New Zealand, 
Recent. 

(Scale bar = O. I mm) 
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Plate 7 

E/phidium eharlottense (Vella), FP4342, F46/f8490, Southland, New Zealand, Lw, 
early Miocene. 

E/pltidium eollinsi Hayward, holotype, TF 1651 II, F20 133 I, Watsons Bay, 
New South Wales, Australia, Recent. 

E/phidium eratieu/atum (Fichtel & Moll), FP4343, F20 1594, Cape Bedford, 
Queensland, Australia, Recent. 

E/phidium eratieu/atum (Fichtel & Moll), FP4344, F20 1595, Claremont Lightship, 
Queensland, Australia, Recent. 

E/pltidium eratieu/alum (Fichtel & Moll), CC9893, Albany Passage, Queensland, 
Australia, Recent. 

E/pltidium eratieu/atum (Fichtel & Moll), USNM, Mica Depot well 30 m, Guadalcanal, 
Solomon Islands, Pleistocene. 

E/pltidium eratieu/atum (Fichtel & Moll), FP4345, F201636, Suva, Fiji, Recent. 

E/pltidium erispum erispum (Linne), topotype, FP4346, F201292, Rimini Beach, 
Italy, Recent. 

EJpltidium erispum erispum (Linne), topotype, FP4347, F201292, Rimini Beach, 
Italy, Recent. 

E/pltidium crispum crispum (Linne), CC9893, Albany Passage, Queensland, 
Australia, Recent. 

E/pltidium erispum erispum (Linne), FP4348, F20 1864, Rakitu Island, Auckland, 
New Zealand, Recent. 

(Scale bar = 0.1 mm) 
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Plate 8 

Elphidium crispum crispum (Linne), FP4349, F201595, Claremont Lightship, 
Queensland, Australia, Recent. 

Elphidium crispum crispum (Linne), FP4350, F20 1877, Rakitu Island, Auckland, 
New Zealand, Recent. 

Elphidium crispum crispum (Linne), FP4351, F20 1877, Rakitu Island, Auckland, 
New Zealand, Recent. 

Elpflidium crispum crispum (Linne), FP4352, CH/f28l, Chatham Island, New Zealand, 
Wo, Pliocene. 

Elpllidium crispum crispum (Linne), FP4353, RIIIf23, Waiheke Island, Auckland, 
New Zealand, Po, early Miocene. 

Elphidium crispum crispum (Linne), FP4354, F46/f8490, Southland, New Zealand, 
Lw-Po, early Miocene. 

ElphWum crispum crispum (Linne), FP43555, G45/f8499, Chatton, Southland, 
New Zealand, Ld, late Oligocene. 

p.74 

Elphidium crispum waiwiriense Hayward, holotype, TF16521l, Waiwiri Beach, Waikato, p.75 
New Zealand, Po, early Miocene. 

Elpltidium crispum wlliwiriel1se Hayward, paratype, TF' 652/2, Waiwiri Beach, Waikato, 
New Zealand, Po, early Miocene. 

Elphidium crispum wlliwiriel1se Hayward, paratype, TF1652/3, Waiwiri Beach, Waikato, 
New Zealand, Po, early Miocene. 

Elpflidium excllvlIlum c1l1vlIlum Cushman, AK76435, L6l5, Marahau estuary, Nelson, p.76 
New Zealand, Recent. 

Elpltidium excllvlIlum c1l1vlIlum Cushman, FP4356, F20 1936, Tolaga Bay, East Coast, 
New Zealand, Recent. 

(Scale bar = 0.1 mm) 
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Plate 9 

Elphidium excavatum clavatum Cushman, FP4357, YI4/f7505, Te Piki, East Coast, p.76 
New Zealand, Wc, Pleistocene. 

Elphidium excavatum clavatum Cushman, FP4358, Q08/f9680, Pakaurangi Point, 
Northland, New Zealand, ePl, early Miocene. 

Elphidium excavatum clavatum Cushman, AK76434, F202088, Raglan Harbour, Waikato, 
New Zealand, Recent. 

Elphidium excavatum clavatum Cushman, topotype of Cribrononion illawaraensis Albani 
and Yassini, FP4370, 2 m, Lake \Ilawara, New South Wales, Australia, Recent. 

Elphidium excavatum clavatum Cushman, topotype of Cribrononion illawaraensis Albani 
and Yassini, FP4371, 2 m, Lake IIlawara, New South Wales, Australia, Recent. 

Elphidium excavatum excavatum (Terquem), FP4359, F202307, Port Pegasus, 
Stewart Island, New Zealand, Recent. 

Elphidium excavatum excavatum (Terquem), AK76430, L615, Marahau estuary, 
Nelson, New Zealand, Recent. 

Elphidium excavatum excavatum (Terquem), Vict F76950, Port Phillip, Victoria, 
Australia, Recent. 

Elphidium excavatum excavatum (Terquem), Vict F76953, Port Phillip, Victoria, 
Australia, Recent. 

Elphil/ium excavatum excavatum (Terquem), FP4360, F20 1595, Claremont Lightship, 
Queensland, Australia, Recent. 

Elpltidium excllvatum excavatum (Terquem), FP4361, F20 1639, Rarotonga, 
Cook islands, Recent. 

(Scale bar = 0.1 mm) 

p. 77 
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Plate 10 

Elphidium excavatum oirgi Hayward, TF 165311, F20 1739, holotype, Cavalli Islands, p. 78 
Northland. Recent. 

Elphidium excavatum oirgi Hayward, paratype, TFI653/2, F201742, Cavalli Islands, 
Northland. New Zealand. Recent. 

Elphidium excavatum oirgi Hayward, paratype, TF 1653/4. F20 1841, Tutukaka Harbour, 
Northland, New Zealand, Recent. 

Elphidium excavatum oirgi Hayward, paratype, TFI653/3, F201841, Tutukaka Harbour, 
Northland, New Zealand, Recent. 

Elphidium excavatum sydneyense (Albani), holotype, figures from Albani (1978). 

Elphidium excavatum williamsoni Haynes, AK76438, F202092, Aotea Harbour, 
Waikato, New Zealand, Recent. 

Elphidium excavatum williamsoni Haynes, FP4362, F202307, Port Pegasus, 
Stewart Island, New Zealand, Recent. 

Elpltidium excavatum williamsoni Haynes, Vict F76949, Port Phillip, Victoria, Australia, 
Recent. Topotype of E. articulaum multicameratum Collins. 

Elplridium excavatum williamsoni Haynes, Vict F76947, Port Phillip, Victoria, Australia, 
Recent. Topotype of E. gunteri carioense Collins. 

(Scale bar = 0.1 mm) 

p. 78 

p.79 





Fig. 1-2 

3 

4-5 

6--7 

8 

9-10 

11-12 

13-14 

15 

16--17 

18-19 

142 

l 

Plate 11 

Elphidium fichtellianum (d 'Orbigny), topotype, CC22611, Austria, Miocene. p.79 

Elphidiumfichtellianum (d'Orbigny), topotype, CC22611, Austria, Miocene. 

Elphidiumfichtellianum (d'Orbigny), AK78037, F201081, Vava'u Harbour, Tonga, Recent. 

Elphidiumfichtellianum (d'Orbigny), FP4363, F201081, Vava'u Harbour, Tonga, Recent. 

Elphidiumfichtellianum (d'Orbigny), FP4364, F202332, Norfolk Island, Australia, Recent. 

Elphidiumfijiense Hayward, holotype, TF1654/l, F202149, Suva Point, Fiji, Recent. p.80 

Elphidiumfijiense Hayward, paratype, TFI654/2, F202149, Suva Point, Fiji, Recent. 

Elphidium gunteri Cole, AK76427, L509, Orakei Basin, Auckland, New Zealand, Recent. p.80 

Elphidium gunteri Cole, AK78053, L509, Orakei Basin, Auckland, New Zealand, Recent. 

Elphidium hampdenense Finlay, topotype, FP4366, 142/f8532, Hampden Beach, 
Otago, New Zealand, Dh, middle Eocene. 

Elphidium hampdenense Finlay, topotype, FP4367, 142/f8532, Hampden Beach, 
Otago, New Zealand, Dh, middle Eocene. 

(Scale bar = 0.1 mm) 

p.81 
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Plate 12 

Elphidium hawkesburiense (Alban i), FP4368, 6m, Twofold Bay, New South Wales, p. 82 
Australia, Recent. 

Elphidium hawkesburiense (Albani), FP4369, 6m, Twofold Bay, New South Wales, 
Australia, Recent. 

Elphidium hispidulum Cushman, FP4372, F20 1595, Claremont Lightship, Queensland, p.82 
Australia, Recent. 

Elpltidium hispidulum Cushman, FP4373, F201594, Cape Bedford, Queensland, 
Australia, Recent. 

Elphidium ingressans Dorreen, topotype, FP4374, 132/f7848, Greymouth, West Coast, p.83 
New Zealand, Ar, late Eocene. 

Elphidium ingressans Dorreen, topotype, FP4375, 132/f7848, Greymouth, West Coast, 
New Zealand, Ar, late Eocene. 

Elphidium kanoum Hayward, paratype, USNM243360, Q08/f9792, Pakaurangi Point, p. 83 
Northland, New Zealand, PI, early Miocene. 

Elphidium kanoum Hayward, FP4376, RI 1If75 14, Waiheke Island, Auckland, 
New Zealand, Po, early Miocene. 

Elphidium kanoum Hayward, FP4377, Rlllf7514, Waiheke Island, Auckland, 
New Zealand, Po, early Miocene. 

(Scale bar = 0.1 mm) 
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Plate 13 

Elphidium lene Cushman & McCulloch, CC 15654, Black Rock, Melbourne, Victoria, p. 84 
Australia, Recent. 

Elphidium lene Cushman & McCulloch, Viet F76954, Port Phillip, Victoria, Australia, 
Recent. 

Elphidium lene Cushman & McCulloch, FP4378, F201332, Derwent River, Tasmania, 
Australia, Recent. 

Elphidium lene Cushman & McCulloch, FP4379, F201636, Suva, Fiji, Recent. 

Elphidium macellum (Fichtel & Moll), FP4380, F202266, Lord Howe Island, 
Australia, Recent. 

Elphidium macellum (Fichtel & Moll), CC, Torquay, Victoria, Australia, Recent. 

Elphidium macellum (Fichtel & Moll), FP4381, F202332, Norfolk Island, Australia, 
Recent. 

p.84 

Elphidium matanginuiense Hayward, holotype, TF165511, CH/f3, Chatham Island, p. 85 
New Zealand, Dw, early Eocene. 

(Scale bar = 0.1 mm) 





Fig. 
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Plate 14 

1-2 Elphidium matanginuiense Hayward, paratype, TF1655/2, CH/f3, Chatham Island, p.85 
New Zealand, Ow, early Eocene. 

3--4 Elphidium matauraense Hayward, holotype, TF1656/1, F46/f52, Mataura, Southland, p.86 

5 

New Zealand, Lw-Po, early Miocene. 

Elphidium matauraense Hayward, paratype, TF1656/2, F46/f52, Mataura, Southland, 
New Zealand, Lw-Po, early Miocene. 

6--7 Elphidium mortonbayense Albani & Yassini, CC9895, Albany Passage, Queensland, p. 86 

8-9 

Australia, Recent. 

Elphidium mortonbayense Albani & Yassini, FP4382, F201595, Claremont Lightship, 
Queensland, Australia, Recent. 

10-11 Elphidium novozealandicum Cushman, FP4383, F201838, Cuvier Island, Waikato, p.87 
New Zealand, Recent. 

12-13 Elphidium novozealandicum Cushman, FP4384, Y14!f7505, Te Piki, East Coast, 
New Zealand, Recent. 

14 Elphidium novozealandicum Cushman, FP4385, R13/f6009, Kaawa, Waikato, 
New Zealand, Wo, Pliocene. 

15 Elphidium aff. novozealandicum Cushman, FP4386, V22/f361, Hawkes Bay, 
New Zealand, Tt, late Miocene. 

16--17 Elphidium aff. novozealandicum Cushman, FP4387, N02!f7584, Waikuku, Northland, 
New Zealand, Sw, middle Miocene. 

(Scale bar = 0.1 mm) 

p.87 
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Plate 15 

Elphidium oceanicum Cushman, FP4388, F201595, Claremont Lightship, Queensland, p.88 
Australia, Recent. 

Elphidium oceanicum Cushman, FP4389, F201636, Suva, Fiji, Recent. 

Elphidium oceanicum Cushman, FP4390, Y14!t7505, Te Piki, East Coast, New Zealand, 
Recent. 

Elp!tidium phi/lipense Hayward, topotype, Vict F76951, Port Phillip, Victoria, Australia, p.88 
Recent. 

Elphidium phi/lipense Hayward, topotype, Vict F76952, Port Phillip, Victoria, Australia, 
Recent. 

Elphidiumpoeyanum (d'Orbigny), FP4392, F201664, St Thomas, West Indies, Recent. 

Elphidium poeyanum (d'Orbigny), FP4391, F201664, St Thomas, West Indies, Recent. 

Elp!tidium pseudoinjlatum Cushman, FP4393, V23!f6438, Hawkes Bay, New Zealand, p.89 
Sw, middle Miocene. 

Elpltidium pseudoinjlatum Cushman, FP4394, Q08!f9682, Northland, New Zealand, 
ePl, early Miocene. 

Elp!tidium pseudoinjlatum Cushman, FP4395, Q08!f9682, Northland, New Zealand, 
ePl, early Miocene. 

Elp!tidium pseudoinjlatum Cushman, FP4396, L28!t7504, West Coast, New Zealand, 
Ld, late Oligocene. 

Elpflidium pseudoinjlatum Cushman, FP4397, Q08!f9679, Northland, New Zealand, 
ePI, early Miocene. 

(Scale bar = 0.1 mm) 





Plate 16 

Fig. 1-2 Elphidium reticulosum Cushman, FP4398, F202149, Suva Point, Fiji, Recent. p.89 

3 Elphidium reticulosum Cushman, FP4399, F202154, Vava'u, Tonga, Recent. 

4 Elphidium reticulosum Cushman, FP4400, F202332, Norfolk Island, Australia, Recent. 

5--6 Elphidium saginatum Finlay, topotype, FP4401, U24/f9142, Mangatoro, Wellington, p.90 
New Zealand, Dp, middle Eocene. 

7-8 Elphidium saginatum Finlay, FP4402, N37/f8168, Canterbury, New Zealand, 
Dp, middle Eocene. 

9-10 Elphidium sandiegoense (Lankford), FP4403, F201595, Claremont Lightship, p.90 
Queensland, Australia, Recent. 

-II Elphidium sandiegoense(Lankford), FP4404, F201595, Claremont Lightship, 
Queensland, Australia, Recent. 

12-13 Elpllidium sc/lencki Cushman & Dusenbury, FP4405, 132/£7848, West Coast, p.91 
New Zealand, Ar, late Eocene. Topotype of Elphidium nitidum Dorreen. 

14 Elphidium schencki Cushman & Dusenbury, FP4406, Q08/f9018, Northland, 
New Zealand, Ab, middle Eocene. 

15 Elphidium schencki Cushman & Dusenbury, FP4407, Q08/f90 18, Northland, 
New Zealand, Ab, middle Eocene. 

16-17 Elpltidium silvestrii Hayward, FP4408, F201332, Derwent estuary, Tasmania, p.91 
Australia, Recent. 

(Scale bar = 0.1 mm) 
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Plate 17 

Elpltidium vavauense Hayward, holotype, TF165711, F201081, Vava'u, Tonga, Recent. p.92 

Elphidium vavauense Hayward, paratype, TF 1657/2, F20 1 081, Vava 'u, Tonga, Recent. 

Elpltidium vellai Hayward, holotype, TF 165811, L631, Queen Charlotte Sound, 
Marlborough, New Zealand, Recent. 

Elpltidium vellai Hayward, paratype, TFI658/2, L631, Queen Charlotte Sound, 
Marlborough, New Zealand, Recent. 

p.92 

Elpltidium wadeae (Hornibrook), topotype, FP4409, G45/f8499, Chatton, Southland, p. 93 
New Zealand, Ld, late Oligocene. 

Elpltidium wadeae (Hornibrook), topotype, FP441 0, G45/f8499, Chatton, Southland, 
New Zealand, Ld, late Oligocene. 

Elpltidium wadeae (Hornibrook), FP441 I , R14/f654I , Waikato, New Zealand, 
eLwh, early Oligocene. 

Cristatavultatus pacificus Collins, FP4412, F20 1642, Apia, Samoa, Recent. 

(Scale bar = 0.1 mm) 

p.94 
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Plate 18 

Cristatavultatus pacificus Collins, CC 18903, PagoPago, Samoa, Recent. p.94 

Cristatavultatus pacificus Collins, CC, Mokoujar Passage, Fiji, Recent. 

Discorotalia aranea (Hornibrook), topotype, FP4413, J41/f8793, Old Rifle Butts, Otago, p.95 
New Zealand, PI, early Miocene. 

Discorotalia aranea (Homibrook), FP4414, J411f8498, Target Gully, Otago, New Zealand, 
PI, early Miocene. 

Discorotalia tenuissima (Karrer), FP4415, 138/£7607, Canterbury, New Zealand, 
Lw, early Miocene. 

Discorotalia tenuissima (Karrer), FP4416, J41/f8498, Target Gully, Otago, New Zealand, 
PI, early Miocene. 

p.95 

Parrellil1a imperatrix (Brady), FP4417, F20 1595, Claremont Lightship, Queensland, p. 96 
Australia, Recent. 

Parrellil1a imperatrix (Brady), FP4418, F20 1595, Claremont Lightship, Queensland, 
Australia, Recent. 

Parrellil1a papillosa (Cushman), FP4420, 89 m, Bermegui Shelf, New South Wales, p. 97 
Australia, Recent. 

Parrellil1a papillosa (Cushman), FP4419, 89 m, Bermegui Shelf, New South Wales, 
Australia. Recent. 

(Scale bar = 0.1 mm) 





Plate 19 

Fig. 1-2 Parrellina verriculata (Brady), FP4421, F20 1332, Derwent estuary, Tasmania, 
Australia, Recent. 

158 

3 Parrellina verriculata (Brady), CC22752, Nonabeca, New South Wales, Australia, Recent. 

4-5 Haynesina depressula depressula (Walker & Jacob), FP4422, F201002, 
Auckland Islands, New Zealand, Recent. 
Topotype of Elphidiononion simplex aoteanum Vella. 

6 HaYllesina depressula depressula (Walker & Jacob), FP4423, F20 1728, Cavalli Islands, 
New Zealand, Recent. 

7 Haynesilla depressu/a depressula (Walker & Jacob), FP4424, J4 I1f&498, Target Gully, 
Otago, New Zealand, PI, early Miocene. 

8-9 Haynesilla depressula simplex (Cushman), FP4425, F202148, Lami, Fiji, Recent. 

10 HaYllesina depressula simp/ex (Cushman), FP4426, F201642, Apia, Western Samoa, 
Recent. 

It -12 Notorotalia jilliayi Vella, planispiral form, FP4427, Wellington Harbour, 
New Zealand, Recent. 

(Scale bar = 0.1 mm) 

p.97 

p.98 

p.99 
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Elphidium patagonicum 81, 100 
Elphidium phillipense 7, 9, 14, 19-20, 25, 62, 

88, 100, 111 , PI. 15 
Elphidium pseudoinflatum 32-33, 40--41, 44, 49, 

51,56-57,63, 81, 89, 100,118, PI. 15 
Elphidium pustulosum 71 
Elphidium reticulosum 8, 18-20, 26, 62, 73, 

82, 88, 89-90, III, PI. 16 
Elphidium saginatum 4, 7, 32-33, 36-38, 44--46, 

56-57, 63, 76, 81, 90, 100,118, PI. 16 
Elphidium sandiegoense 8, 19-20, 26, 62, 84, 

90--91, 111, PI. 16 
Elphidium schencki 8, 32-33, 42, 45--46, 55-57, 

63,88,91,100,118,PI.I6 
Elphidium schmitti 88 
Elphidium sculpturatum 3, 84, 85, 100 
Elphidium silvestrii 8, 19-20, 26, 62-63, 91, 100, 

111, PI. 16 
Elphidium simplex 98-99 
Elphidium subevolutum 70, 100 
Elphidium subinflatum 89, 100 
Elphidium subplanatum 79, 80, 100 
Elphidium vavauense 9, 20, 26, 31, 35, 62, 92, 111, 

PI. 17 
Elphidium vel/ai 8-9, 11-13, 18, 20, 26, 30, 

36-38, 44--45, 57, 62, 81, 92, 111, PI. 17 
Elphidium vitreum 19-20, 26, 31, 62, 93, 111, PI. I 
Elphidium vulgare 91 
Elphidium wadeae 4, 9, 32-33, 40, 42,44, 49, 52, 

56-57, 63-64, 83, 89, 93, 118, PI. 17 
Elphidium wordeni 92 
endemic 20, 31, 36-37, 44--45,49 
endemism 20, 36, 44 
Eocene 4, 32, 34-35, 37, 40, 44--49, 51-52,55-56, 

63, 116-120 

Ethel Creek 83 
excavatum clavatum, Elphidium 10-15, 18-19, 23, 

29, 31-33, 37-38, 45--46, 57,62-63, 
76-79,84,100,109,117,PI.8,9 

excavatum excavatum, Elphidium 8, 11-15, 
18-20, 23,29,31-33, 37-38, 45--46, 57, 
62-63, 76,77-78, 84,109,117, PI. 1,9 

excavatum oirgi, Elphidium 
11,13,17,20,23,29,37-38,44--45,57, 
62, 76, 78, 109, PI. 10 

excavatum sydneyense, Elphidium 15, 19-20, 23, 
62, 76, 78-79,109, PI. 10 

excavatum williamsoni, Elphidium 10-12, 15-16, 19, 
24, 29,31-33, 37-38, 45, 57,62-63, 76, 
78-79,100,109,117,PI.IO 

Faujasininae 1, 3 
jichtellianum, Elphidium 7-9, 15, 18-19, 24, 31, 

62, 79-80, 87, 100, 110, PI. II 
Fiji 3,107-113 
jijiense, Elphidium 18-20, 24, 35, 62, 80, 110, PI. II 
float chambers 31 
floating plant material 31 
foraminiferal associations 12-13, 18 
form 4 

galeroense, Elphidium 70 
Geological time scale 2 
gibsoni, Elphidium 4, 74, 100 
gran ulos um, Elphidium 88, 100 
Great Barrier Island II, 14 
Great Barrier Reef 71, 91, 94 
Great South Basin 116-119 
Greymouth 83 
gunteri, Elphidium 9-12, 14, 19,24, 30-32, 36-38, 

45, 57, 62, 79, 80--81, 88, 92, 100, 110, PI. II 
gunteri carioense, Elphidium 79, 100 
gunteri var. waddensis, Elphidium 80, 100 

Hampden Beach 81, 82 
hampdenense, Elphidium 4, 8-9, 32-33, 36, 

40--41, 44, 49, 51, 56-57, 63, 81-82, 
89-90,100,117,PI.I,11 

hawkesburiense, Elphidium 20, 24, 62,82, 110, PI. 12 
Hawkes Bay 5,107-111,116-119 
Hawkesbury River 82 
Haynesina I, 7, II, 13-14, 18, 20, 44, 56, 97 
Haynesina depressula depressula 4,8-10,12,14-16, 

19-20, 27,30-33,45,57, 54-55, 98,111, 119, 
PI. 1, 19 

Haynesina depressula simplex 20,27,98-99, 112, 
PI. 19 

herbivores 10 
Heretaungan 49, 56, 81 
hispidulum, Elphidium 8-9, 15, 18-20, 24, 35, 

62, 73, 82-83, 88, 90,110, PI. 1, 12 
Hobson Bay 95 
hornibrooki, Elphidium 4, 89, 100 
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illawaraensis, Cribronion 76, 100 
imperatrix, Parrellina 3, 8, 15-16, 19-20, 27, 

96-97, Ill, PI. 18 
incertum, Elphidium 76, 84 
incompleteness of fossil record 44 
ingressans, Elphidium 4, 7, 32-33, 35-36, 40, 

42,44,49, 52, 56-57, 63, 83,117, PI. 12 
internal canal systems 9 
intraspecific variation 4 

jenseni, Elphidium 70, 74, 79, 80, 84, 97 

k-strategists 10, 18 
kanoum, Elphidium 4, 8, 32-33, 35, 40,42, 44, 

49, 52,56-57, 63-64, 76, 83-84, 92-93, 117, 
PI. 12 

keel 7-8, 36 
Kermadec Islands 3, 107-108, 111-113 
key to Elphidiidae 58 

lauritaense, Elphidium 90, 100 
lene, Elphidium 7, 15, 19,25, 62, 84, 110, PI. 13 
Levuka 88 
life history 10 
life span 10 
limbatum, Elphidium 3, 67 
limbatum, Elphidium advenum 8, 11-12, 15-16, 

18-21,28,31-33,37,39,44--45,47,57, 
62-63, 65-66,67-69, 100, 107, 116, PI. 3,4 

limbatum, Elphidium macellum var. 67, 70 
littorale, Elphidium 81, 100 
Lord Howe Island 3,107-108,110-112,115 

macelliforme, Elphidium advenum 21,32-33, 37, 39, 
44--45, 47,57,62-63, 65, 68-69, 107, 116, 
PI. 5 

macellum, Elphidium 3, 10, 15-16, 18-20, 25, 
31, 62-63, 67, 69-71, 74, 80, 84-85, 
87-88, 91, 100,110, PI. 13 

macellum aculeatum, Elphidium 63, 91 
macellum var. limbatum, Elphidium 67, 70 
Manawatu 5, 116-119 
Mangatiti Stream 63 
Mangatoro 90 
maorium, Elphidium advenum 9, 11-13, 20-21, 28, 

32-33, 37, 39,44--45, 47,57,62-63, 65-67, 
69-70, 86,107,116, PI. 1,4,5 

Marlborough 5,107-112,116-119 
Marshall Islands 66 
matanginuiense, Elphidium 9, 33,37, 39,44--45,47, 

56-57, 63, 85,117, PI. 13,14 
Mataura 86 
matauraense, Elphidium 8, 32-33, 40--41, 44, 

48--49, 56-57, 63, 72, 86,117, PI. 14 
migratory seabirds 31 
milletti, Elphidium 78, 94 
millettiforme. Elphidium 94, 100 

164 

Miocene 4, 34-35, 37, 40, 42, 44-56,63, 116-120 
mode of life 10 
morphology 7,35 
Morton Bay 86 
mortonbayense, Elphidium 9-10, 15, 18-20, 25, 

35, 62, 73, 86, 110, PI. 14 
multicameratum, Elphidium articulatum 79, 100 

Nelson 5,107-111,116-119 
New Caledonia 3, 107-108, liD, 114 
New South Wales 3, 107-112, 115 
new taxa, descriptions 

Elphidium aculeatum norcotti 63-64, PI. 2 
Elphidium advenum maorium 69-70, PI. 1, 4, 5 
Elphidium albanii 70-71, PI. 6 
Elphidium carteri 71-72, PI. 1,6 
Elphidium collinsi 73, PI. 1,7 
Elphidium crispum waiwiriense 75-76, PI. I, 8 
Elphidium excavatum oirgi 78-79, PI. 10 
Elphidiumfijiense 80, PI. II 
Elphidium matanginuiense 85, PI. 13, 14 
Elphidium mataurense 86, PI. 14 
Elphidium vavauense 92, PI. 17 
Elphidium vellai 92, PI. 17 

nigarense, Elphidium 89, 100 
nitidum, Elphidium 4, 91, 100 
Nonionidae 1, 62, 97 
norcotti, Elphidium aculeatum 8, 32-33, 35, 40,42, 

44, 49-50, 56-57, 63-64, 116, PI. 2 
Norfolk Island 3, 107, 110-111,115 
normal marine salinity group II, 13, 16 
Northland 5,107-112,116-119 
Notorotaliinae I, 3, 94 
Notorotalia finlayi 58, PI. 19 
novozealandicum. Elphidium 8-9, 11-13, 17, 20, 

25, 30, 32-33, 36, 40, 43--44, 49, 53, 
56-57,62-63,80,87,110, 118,PI.I, 14 

novozealandicum. Elphidium aff. 32-33, 40, 43--44, 
49, 53,56-57, 63, 87, 118, PI. I, 14 

nutrition 10 

Oamaru 95 
oceanic current transport 3 I 
oceanicum, Elphidium 7, 9, 15, 18-20, 25, 31-33, 

42, 44, 46, 55, 57,62-63, 76, 78, 88, 91, 
111, 118, PI. 15 

oirgi, Elphidium excavatum 11-13, 17, 20, 23,29, 
37-38,44--45,57,62, 76, 78,109,PI.IO 

Old Rifle Butts 95 
Oligocene I, 4, 35, 37, 40, 42, 44--45, 47--49, 

51-56,63,116-120 
omotoensis, Elphidium 4, 65, 100 
ornatissimum, Elphidium 75 
Otago 5, 64, 67, 81, 95,107-112,116-119 
Ozawaia 1, 3 



pacificum, Elphidium 66, 94 
pacificus, Cristatavultatus 8, 19-20, 90, 94, 100, 

III, PI. 17, 18 
Pakaurangi Point 83 
paleobiogeography I, 44-54, 56 
paleodepth 32, 33 
paleoecology 32 
paleosalinity 32 
paleotemperature 32, 34 
papillosa,Parrellina 9,19-20,27,96-97, Ill,PI.I8 
Parrellina I, 3, 7-9, 14, 18, 20, 27, 80, 

82, 84, 93-94, 96-97 
Parrellina imperatrix 3, 8, 19,27, 96-97, III, PI. 18 
Parrellinapapillosa 9,19-20,27,96--97, 111,PI.18 
Parrellinaverriculata 19,27,80, 84, 93, 97, III, 

PI. 19 
Parrellina wadeae 93 
parr;' Elphidium 73, 74, 100 
patagonicum, Elphidium 81, 100 
Pauatahanui Inlet 5, II, 13-15 
peripheral angle 7-8 
peripheral spines 7-8 
phillipense, Elphidium 7, 9, 14, 19-20, 25, 62, 

88, 100, III, PI. 15 
phylogenetic tree 36 
phylogeny 36, 38-39, 41--43 
Pleistocene 32, 35, 37, 42, 44--47, 49-50, 53-56, 

63,116--120 
Pliocene 35, 37, 44--47, 49-50, 53-56,63, 116--120 
Porangan 56, 90 
Port Fitzroy 5, 14 
Port Pegasus 11, 15, 17, 69 
Port Phillip Bay 88, 93 
pseudoinjIatum. Elphidium 32-33, 40--41, 44, 49, 

51,56--57, 63, 81, 89, 100,118, PI. 15 
Purakanui Inlet 5, II, 13-15 
pustulosum, Elphidium 71 

Queen Charlotte Sound 5, II, 18, 72-73, 92 
Queensland 3, 107-112, 114 

radial ornament 8 
Recent I, 3--6, 13, 18, 20-30, 34, 37, 44--45, 

50, 55-56, 63, 107, 113, 120 
reticulosum, Elphidium 8, 18-20, 26, 62, 73, 82, 

88,89-90, III, PI. 16 

saginatum. Elphidium 4, 7, 32-33, 36--38, 44--46, 
56--57, 63, 76, 81, 90, 100,118, PI. 16 

salinity 11-16, 18-20, 32 
Samoa 3,107-108,110-112,114 
sandiegoense. Elphidium 8, 19-20, 26, 62, 84, 

90--91, Ill, PI. 16 
schencki. Elphidium 8, 32-33, 42, 45--46, 55-57, 

63,88,91,100,118,PI.16 
schmitti, Elphidium 88 
sculpturatum. Elphidium 3, 84-85, 100 
septal bridges 7-8, 36 

silvestrii, Elphidium 8, 19-20, 26, 62--63, 91, 100, 
Ill, PI. 16 

simplex, Elphidium 98-99 
simplex. Haynesina depressula 20,27,98-99, 112, 

PI. 19 
simplex aoteanum. Elphidiononion 100 
Snares Islands 3, 109, 113 
Solomon Islands 3, 107-112, 114 
Southland 5, 107-110, 112, 116-119 
species duration 36--37 
speCUlative phylogeny 36, 62 
spiral ornament 8 
Stewart Island 3,5, 107-113 
subevolutum. Elphidium 70, 100 
subinjIatum, Elphidium 89, 100 
subplanatum. Elphidium 79-80, 100 
subrotatum. Elphidium aculeatum 32-33, 35, 40, 

42, 49-50, 56-57, 63--64, 83, 116, PI. 2 
subspecies 4 
surface wall texture 9 
sutural incision 8 
Suva 80 
Sydney 66, 78-79, 96 
sydneyense, Elphidium excavatum 15, 19-20, 23,62, 

76, 78--79,109, PI. 10 

Takapu Creek 85 
Taranaki 5, 64, 107-112, 116--119 
Target Gully 64 
Tasmania 3,107-111,115 
temperate species 10, 34 
tenuissima. Discorotalia 4, 8, 32-33, 42--44, 49, 53, 

56-57,86,94,95-96, 119,PI.I, 18 
test outline 7 
test profile 7-8 
Tonga 3,107-112,114 
tongaense. Elphidium advenum 7, 19-20, 22, 40, 

62, 65--67, 70--71, 100, 108, PI. 5 
Trinity Opening 94 
tropical species 10, 18, 20, 34-35, 42, 45 
Tutukaka Harbour 78 

umbilical ornament 9 
umbonal boss 7, 9 

vadescens. Cribroelphidium 62, 80-81, 100 
Vanuatu 3,107-112,114 

Vava'u Anchorage 70, 90 
vavauense. Elphidium 9, 20, 26, 31, 35, 62, 92, 

III, PI. 17 
vellai, Elphidium 8-9, 11-13, 18, 20, 26, 30, 

36-38, 44--45, 57,62, 81, 92, III, PI. 17 
verriculata, Parrellina 3, 19-20, 27,80, 84, 93, 

96--97, Ill, PI. 19 
Victoria 3,107-112,115 
vitreum. Elphidium 19-20, 26, 31, 62, 93, Ill, PI. 1 
vulgare, Elphidium 91 
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waddensis, Elphidium gunteri var. 80, 100 
wadeae, Elphidium 4, 9, 32-33, 40, 42,44, 49, 

56-57, 63--64, 83, 89, 93, 118, PI. 17 
wadeae, Parrellina 93 
Waikato 5,107-111,116-119 
Wairarapa 64, 90 
Waitemata Harbour 11, 20, 69, 92 
Waiwiri Beach 75, 76 
waiwiriense, Elphidium crispum 32-33, 35, 41,44, 

48-49, 56-57, 63, 74,75-76,117, PI. 1,8 
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Wanganui 5,107-111,116-119 
warm subtropical 34, 35 
Watsons Bay 73 
Wellington 5, 63,107-112,116-119 
West Coast 5,109-110, 112, 116-119 
williamsoni, Elphidium excavatum 10-\2, 15-16, 19, 

24,29, 31-33, 37-38, 45-46, 57,62--63, 
76,78-79, 100,109,117, PI. 10 

Wollongong 78, 97 
wordeni, Elphidium 92 
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