
Test structure and classification in agglutinated foraminifera 

HEIKE BENDER 

Geologisch-Palaontologisches Institut der Christian-Albrechts-Universitat zu Kiel, Ludwig-Meyn-Str. 12, 
D-24118 Kiel, Germany. 

ABSTRACT 
Examination of test microstructures of agglutinated foraminifera has gained in importance, 
especially since the existence of "textulariid" biomineralizate has been demonstrated. While 
only a few authors have contributed important new data on microstructure analysis, a number of 
publications have compiled these data to draw systematic and phylogenetic conclusions. This 
paper presents an attempt to provide a well founded basis for these far-reaching conclusions. 

A total of 140 Recent agglutinated species were investigated using SEM techniques with the 
aim of compiling a synoptic catalog of the fundamental structures of the agglutinated test. The 
catalog comprises data on cement composition and microstructures, pore systems and organic 
layers. The hierarchical classification of these diagnostic test characteristics is presented and 
discussed. 

INTRODUCTION 
The widely-used suprageneric system of the sub- 
order Textulariina published by Loeblich & Tappan 
(1987) often represents units based on fixed adult test 
morphology. At the Second International Workshop 
on Agglutinated Foraminifera (Vienna, 1986) new 
data were shown that demonstrated the ability of 
agglutinated foraminifera to secret discernibly 
different cements (Bender, 1986; Bender & 
Hemleben, 1988a,b). Since then a number of authors 
have advocated the use of new, more biologically 
oriented, classification systems (Bronnimann & 
Whittaker, 1988; Loeblich & Tappan, 1989, 1990; 
Hohenegger, 1990). The highest-ranking diagnostic 
feature of all these newly devised systems is the 
type of cement produced by the foraminifer itself. It 
is remarkable that despite these suggestions there 
is an apparent scarcity of basic information relating 
to the composition and the characteristics of the 
cement of the vast majority of agglutinated species. 

The aim of the present study is therefore to com- 
pile a synoptic catalog of the fundamental structures 
of the Recent agglutinated test based on standard- 
ized diagnostic methods. For this purpose a total of 
146 taxa (142 species validated in this study, in- 
cluding two fossil textulariid and three aggluti- 
nated miliolid species) have been investigated in 
the scanning electron microscope. The textulariid 
species examined are grouped into 78 genera accord- 
ing to Loeblich & Tappan (1987). According to this 
classification scheme the species represent 14 of a 

total of 19 agglutinated superfamilies. Information 
on the most important results of the compiled cata- 
log is given in the first part of the paper. In the sec- 
ond part, the hierarchical classification of the test 
characteristics studied is presented and discussed. 

MATERIAL AND METHODS 
Specimens taken from the Kiel collection of eastern 
Atlantic and North Atlantic surface sediments form 
the basis of the microstructure analysis. Samples 
were recovered with boxcorers during cruises of R/V 
METEOR undertaken since the late sixties. Alto- 
gether, samples from more than 500 stations ranging 
from shallow water down to about 5000m water 
depth were included in this study. General informa- 
tion about locality and depth of the stations of the 
material used in this study is given in the 
Appendix. The material itself is deposited in the 
collection of Geologisch-Palaontologisches Institut 
und Museum der Universitat Kiel. Included in the 
systematic discussion are data from 50 agglutinated 
species presented in Bender 1989a (cf. station list; 
Bender, 1989a: p. 263). The taxonomy and iden- 
tification of microstructures of these species is criti- 
cally reviewed and revised where suitable material 
from the Kiel collection was available. As an addi- 
tional taxonomic control nearly half of all species 
examined for this study were compared with the 
type material of Brady, Jones & Parker, 
Williamson, Heron-Allen & Earland, Norman, 
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Carpenter, and Buchanan, housed in the BMNH 
(London). 

Plasma-filled tests, stained with rose Bengal 
(staining technique described by Lutze & Altenbach, 
1991), were selected for scanning electron microscopy 
of test microstructure (SEM, Cambridge Stereoscan 
150s). Organic cement and organic test layers of 
empty tests of dead and fossil specimens are likely 
to experience postmortem alteration. The organic 
substance can have a spotty appearance or be 
completely undiscernible, while its accessory ferri- 
genous-rich mineralogical component remains in a 
globular condition (< 50 nm) within the intergranu- 
lar space (Bender, 1989a: p. 273). Unstained calcitic- 
cemented Recent tests sometimes show dissolution 
features. 

For all species, microstructure analysis was car- 
ried out on broken chamber walls. As test surfaces 
may be covered with a thin organic layer and agglu- 
tinated particles are normally more densely packed 
at the surface and often stained with dirt, they do 
not provide a good insight into delicate microstruc- 
tures. The diagnosis of the pore system especially 
has to be carried out on broken chamber walls, as 
pore canals may end in the distal part of the cham- 
ber wall, not reaching the exterior surface of the 
test. 

Scanning electron microscopy was conducted using 
at least three tests of each taxa, which were sput- 
tered with gold/palladium and examined at 10 kV. 
It is of special importance to study a representative 
number of plasma-filled tests. In addition to post- 
mortem modifications, morphological modifications 
of organic and calcareous cement microstructures oc- 
cur. In contrast, variations of the strength of the in- 
ner organic layer of the test and the diameter of 
pore canals can be a function of ontogeny (see 
results). 

RESULTS 
In the following sections, the fundamental structural 
characteristics of the Recent agglutinated foram- 
inifer test are described and demonstrated using 
examples from this study. 

1. Organic layers 
A common feature of all agglutinated foraminifera 
examined is the formation of an inner organic layer, 
that is attached to the interior wall of the test 
(IOL). It has been shown that the 10L in a number of 
species is formed only after the construction of the 
agglutinated chamber wall is finished (Bender, 
1989a,b; 1992). Therefore, one can find monothala- 
mous tests of single individuals without an IOL and 
polythalamous tests with an IOL-free youngest 
chamber, which are interpreted as construction 
stages. After completion of the agglutinated wall 
the IOL is always detectable (Fig. 1, Table 1, PI. 8, 
Figs. 1-6). 

Especially in monothalamous species, for exam- 
ple in Astrorhiza arenaria (PI. 8, Fig. I), species of 

Crithionina (Pl. 8, Fig. 2), Pelosina variabilis, and 
Thurammina papillata the IOL can be very thinly 
developed, while in many polythalamous species 
the thickness of the IOL decreases towards ontoge- 
netically younger chambers. This has been demon- 
strated for Paratrochammina cf. P. clossi, Trocham- 
minopsis mombasaensis, Textularia cf. T .  apertu- 
ralis, T .  candeiana, Valvulina oviedoiana, and 
Clavulina angularis using the transmission electron 
microscope (TEM). These observations also have to 
be viewed in the context of test morphogenesis. It 
has been shown that in a number of species, a 
multilayered IOL develops during continuous test 
growth by organically lining the entire interior of 
the test after the formation of each new chamber 
(Bender, 1989a,b; 1992). This explains the thinly 
developed IOL in monothalamous species and the 
decreasing IOL thickness towards younger chambers 
in some polythalamous species (Fig. 1). 

In the species examined, the presence of an outer 
organic layer (OOL) is restricted to organically- 
cemented, and among these to polythalamous 
foraminifera (Figure 1, Table 1, PI. 8, Figs. 4 
(arrows), 6) .  An exception to this rule are represen- 
tatives of the genus Miliammina, which only show 
an IOL (Table 1, P1. 8, Fig. 3, TEM investigations see 
Bender, 1989a). On the other hand more than 70% of 
the species examined which belong to the 
monothalamous Astrorhizacea according to 
Loeblich & Tappan (1987), are without an OOL 
(Table 1). Among these are foraminifera with single 
or branched unchambered tubular tests such as 
Rhabdammina abyssorurn and Rhizammina algae- 
formis. Tests with a distinct proloculus and an undi- 
vided tubular second chamber e.g. Hyperammina 
laevigata, Glomospira charoides, A mmodiscus  
tenuis, and A. catinus display an OOL, as do all the 
other more complex polythalamous species exam- 
ined here. These observations suggest that the OOL 
differentiates in conjunction with the IOL during the 
successive formation of chambers. 

Exceptions are representatives of the genera 
Bathysiphon, Ovammina, Saccorhiza, and Schiz- 
ammina, which clearly exhibit an OOL (Table 1). 
According to Loeblich & Tappan (1987) these species 
belong to the astrorhizacean foraminifera. It is 
possible, however, that they are not monothala- 
mous, for example nothing is known about the 
(organic?) proloculus of Bathysiphon species. 
Ovammina species have several test layers, al- 
though there is only one chamber lumen. Saccorhiza 
tests have a subglobular proloculus followed by a 
(second?) tubular chamber, and tests of Schizam- 
mina-species are very complex. On the other hand, 
using SEM techniques the presence of an OOL could 
not unambigously be proven in a number of species 
(e.g. in species of the genus Reophax; questionable 
candidates are marked with "?" in Table 1). As the 
OOL can be very thinly developed, it may be neces- 
sary to utilize TEM studies in order to prove its 
existence. 
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Figure 1. Formation of organic layers. 

2. Cements and pore systems 
The most frequently occurring type of cement compo- 
sition is organic. Seventy-nine percent of the exam- 
ined species have organically-cemented tests, the 
remaining 21% possess calcareous cement (Fig. 2). 

For the calcareous cementing species Valvulina 
oviedoiana, Clavulina angularis, C .  difformis, C .  
nodosaria, Textularia candeiana and T ,  cf. T .  aper- 
turalis, the occurrence of low-magnesium calcite was 
proven with EDAX analysis. The occurrence of arag- 
onite can be excluded based on the fact that stron- 
tium was not detected (Bender & Hemleben, 1988b; 
Bender, 1989a). Individuals of these species were 
cultivated under laboratory conditions on carbonate- 
free artificial sediment (e.g. chromite). The EDAX 
analysis of newly formed chambers facilitated the 
distinction between cement and agglutinated foreign 
(e.g. artificial) material. At the Fourth Inter- 
national Workshop on  Agglutinated Foraminifera 
(Krakbw, 1993) J .  Murray demonstrated the test 
structure of Textularia crenata Cheng & Zheng, 
1978. According to his study this species is able to 
biomineralize aragonitic cement (pers. comm., 
Murray, 1993). Although all other calcareous 
cementing species of the study presented here 
exhibit a cement structure that is typical for low- 
magnesium calcite, an aragonitic cement composition 
cannot be completely excluded. Whether the Laser 
Rahman method, used by J. Murray can be utilised to 
perform cement analysis on agglutinated tests, 
without experimental work on living specimens, 
needs to be carefully evaluated. 

Outer organic layer (OOL) 
- - 

monothalamous test 

without OOL 

with exceptions: 
Bathysiphon 
Ovammina 
Saccorhiza 
Schizammina 
and others (?) 

polythalamous test 

- calcitic cemented: without OOL 

w~th exceptions: 
M~ll~ammina 
and others (?) 

In all Recent calcareous cementing species exam- 
ined, organically lined pore systems are discernible 
(Pl. 11, Figs. 3-6, P1. 12, Figs. 1-5). All organically 
cementing species examined lack pores. Within the 
group of calcareous cementing species: 

about 52% of the species studied show single or 
multiple "pore branches" in the distal wall area 
(e.g. Textularia pseudogramen (Pl. 12, Fig. 2), 
Pseudoclavulina mexicana (Pl. 12, Fig. 3)). 
about 38% of the species studied show pore canals 
which are "straight " and mostly "unbranched" 
(e.g. Siphotextularia caroliniana (Pl. 11, Fig. 3)). 
the remaining 10% show finely anastomosing 
canals, that are not preferentially oriented 
within the wall (e.g. Spiroplectinellafloridana 
(Pl. 12, Figs. 4, 5, Table 1). 
The pore structures and their spatial distribution 

within the chamber are species-specific features. 
Pore diameters vary between species, and tend to 
increase during ontogeny. The measurements of pore 
diameters given (Table 1) were made in the proxi- 
mal area of canals in the youngest broken chamber of 
adult individuals. While species with the pore 
types "straight unbranched" and "distally 
branched" cannot strictly be differentiated, those 
with an "anastomosing" pore type can be clearly 
identified. Alveolar structures are not homologous 
to pore canals, since they represent bulges of the 
chamber wall which are lined with the IOL rather 
than structures integrated into the wall and closed 
by the IOL (Pl. 5, Fig. 5d). 

The organically cementing species studied can be 
further subdivided into four morphologically 
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Distribution of organic cement morphotypes Distribution of pore systems 

(based on 137 species validated in this study) 

52%) 

cement composition 

Figure 2. Summary statistics of cement morphotypes and pore systems. 

distinct groups according to cement morphotypes 
(Table 1, Figure 2, P1. 9, Figs. 1-6, PI. 10, Figs. 1-6, PI. 
11, Figs. 1, 2): 

About 50% of all species studied attach particles 
only at the point of contact with morphologically 
undifferentiated cement. In the broken chamber 
walls voids created by removed particles clearly 
delineate the outline of cement substances e.g. in 
Hyperammina laevigata, H. friabilis (Pl. 9, Fig. I), 
Hormosina globulifera (Pl. 9, Fig. 2), Cr ibros to -  
moides ringens, Cribrostomoides? subturbinatus, and 
Ammobaculites agglutinans. Contrary to this, tests 
of Astrorhiza arenaria (1'1. 8, Fig. 1) and Pelosina 
variabilis are almost completely free of organic 
substance, which results in enhanced fragility. 

About 23% of all species studied use a foamy type 
of cement. Comparative intraspecific studies e.g. on 
tests of Bathysiphon hys tr ix ,  B.?capillare, species 
of Crithionina, and Rhabdammina abyssorurn (PI. 9, 
Fig. 5) show that this foam is not equally well 
developed within the whole test, hampering the 
classification of the cement type as "foamy" or 
"undifferentiated". Additional difficulties in the 
diagnosis of "foamy" cement arise from the fractur- 
ing of the test which results in the destruction of the 
three-dimensional structure of the cement. Fre- 
quently, particles exhibit marks left by the broken- 
off walls of "cement bubbles" e.g. in Crithionina 
hispida (Pl. 10, Fig. 1) and in tests of Bathysiphon- 
species (PI. 9, Fig. 3, 4), which can be easily mis- 
taken for "strands" of the type of cement described 

below (cf. Gooday & Claugher, 1989; Thies, 1990). 
To distinguish between the two types of cement it is 
therefore necessary to verify whether the residual 
cement fragments project at a right angle away from 
the surface of the particle to connect different parti- 
cles with each other (strands), or whether they 
cover the surface of the particles forming 120" angles 
where they intersect with each other (foam). 

About 15% of all species studied use organic 
strands. Single, regularly and densely spaced 
strands can be found in Miliammina fusca. Irregu- 
larly spaced, sometimes singularly appearing 
strands are found in Ammodiscus catinus and Ammo- 
scalaria foliacea, while Adercotryma glomeratum, 
Ammosphaeroidina sphaeroidinoides, species of 
Cyclammina (1'1. 10, Fig. 4), Cystammina paucilocu- 
lata, and Eggerelloides arcticus form short strands 
which are bundled in small groups. In this study the 
cement structure of Portatrochammina murrayi could 
not unequivocally be identified (Bender, 1989a), as 
tests of all individuals studied were stained with 
dirt, but previous studies were able to show the 
development of strands using broken tests 
(Bromimam & Whittaker, 1988: PI. 2, Fig. 4, 6). 

A morphological development different from all 
strand variations is observed in Thurammina papil- 
lata. The-whole surface of the test is covered by 
thick branching strands, which themselves branch 
into numerous fine strands, which are ultimately 
wrapped around individual particles (Pl. 10, Fig. 5). 
Broken thin chamber walls show particles deeply 
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Table 1: Wall structures in Recent agglutinated foraminifera. 

species cement cement 
composition morphotype 

Astrorhiza arenaria Carpenter, M.S., 1877 
Pelosina variabilis Brady, 1879 
Bathysiphon sp. 1 
Marsipella cervicornis Hofker, 1972 
Marsipella elongata Norman, 1878 
Rhabdammina linearis Brady, 1879 
Rhizammina algaeformis Brady, 1879 
Thurammina favosa Flint, 1899 
Thurarnmina? papyracea Cushman, 191 3 
Sorosphaera? cf. S. socialis (Brady, 1884) 
Miliammina earlandi Loeblich & Tappan, 1955 
Bathysiphon rufus De Folin, 1886 
Ovammina .7 patagoniensis (Lena, 1974) 
Hyperarnmina elongata Brady, 1878 
Hyperammina friabilis Brady, 1884 
Hyperammina laevigata Wright, 1891 
Hyperammina spiculifera Lacroix, 1928 
Ammolagena clavata (Jones & Parker, 1860) 
Tolypammina vagans (Brady, 1879) 
Ammodiscus cretaceus (Reuss, 1845) 
Ammodiscus cf. A. flavidus Hoglund, 1947 
Ammodiscus? planorbis Hoglund, 1947 
Ammodiscus tenuis Brady, 1881 
Glomospira charoides forrna charoides 

(Jones & Parker, 1860) 
Glomospira charoides forma gordialis 

(Jones & Parker, 1860) 
Glomospira charoides ssp. 1 
Glomospira gaultina (Berthelin, 1880) 
Reophm bradyi Bronnimann & Whittaker, 1980 
Reophax curtus Cushman, 1920 
Reophm dentaliniforrnis Brady, 1881 
Reophaxfusiforrnis (Williamson, 1858) 
Reophm moniliformis Siddall, 1886 
Reophar pilulifer Brady, 1884 
Reophm pseudobacillaris Cushman, 191 0 
Reophm subfusiformis Earland, 1933 
Pseudonodosinella nodulosa (Brady, 1879) 
Hormosina distans (Brady, 1881) 
Hormosina globulifera Brady, 1879 
Hormosina guttifera (Brady, 1 88 1 ) 
Hormosina ovicula Brady, 1879 
Polychasmina sp. 1 
Loeblichopsis sabulosus (Brady, 1882) 
Loeblichopsis? sp. 1 
Buzasina ringens (Brady, 1 879) 
Cribrostomoides? subturbinatus (Cushman, 1920) 
Cribrostomoides triangularis Saidova, 1961 
Haplophragmoides canariensis (d'orbigny, 1839) 
Veleroninoides jeffreysii (Williamson, 1858) 
Ammobaculites agglutinans (d'orbigny, 1846) 
Ammobaculites jiliformis Earland, 1934 
Alveolophragmium orbiculatum Stschedrina, 1936 
Deuterammina mourai 

Bronnimann & Zaninetti, 1984 
Deuterammina ochracea (Williamson, 1858) 
Eggerelloides scaber (Williamson, 1858) 
Globotextularia propinqua (Brady, 1884) 
Liebusella? goesi Hoglund, 1947 

organic 
organic 
organic 
organic 
organic 
organic 
organic 
organic 
organic 
organic 
organic 
organic 
organic 
organic 
organic 
organic 
organic 
organic 
organic 
organic? 
organic 
organic 
organic 

organic 

organic 
organic 
organic 
organic 
organic 
organic 
organic 
organic 
organic 
organic 
organic 
organic 
organic 
organic 
organic 
organic 
organic 
organic 
organic 
organic 
organic 
organic 
organic 
organic 
organic 
organic 
organic 

organic 
organic 
organic 
organic 
organic 

undifferentiated 
undifferentiated 
undifferentiated 
undifferentiated 
undifferentiated 
undifferentiated 
undifferentiated 
undifferentiated 
undifferentiated 
undifferentiated 
undifferentiated 
undifferentiated 
undifferentiated 
undifferentiated 
undifferentiated 
undifferentiated 
undifferentiated 
undifferentiated 
undifferentiated 

? 
undifferentiated 
undifferentiated 
undifferentiated 

undifferentiated 

undifferentiated 
undifferentiated 

? 
undifferentiated 
undifferentiated 
undifferentiated 
undifferentiated? 
undifferentiated 
undifferentiated 
undifferentiated 
undifferentiated 
undifferentiated 
undifferentiated 
undifferentiated 
undifferentiated 
undifferentiated 
undifferentiated 
undifferentiated 
undifferentiated 
undifferentiated 
undifferentiated 
undifferentiated 
undifferentiated 
undifferentiated 
undifferentiated 
undifferentiated? 
undifferentiated 

undifferentiated? 
undifferentiated? 
undifferentiated 
undifferentiated 
undifferentiated 

pore 
type 

imperforate 
imperforate 
imperforate 
imperforate 
imperforate 
imperforate 
imperforate 
imperforate 
imperforate 
imperforate 
imperforate 
imperforate 
imperforate 
imperforate 
imperforate 
imperforate 
i mperforate 
i mperforate 
imperforate 

9 

imperforate 
imperforate 
imperforate 

imperforate 

imperforate 
imperforate 

? 
imperforate 
imperforate 
imperforate 
imperforate 
imperforate 
i mperforate 
imperforate 
i mperforate 
imperforate 
imperforate 
imperforate 
i mperforate 
i mperforate 
imperforate 
imperforate 
imperforate 
imperforate 
imperforate 
i mperforate 
imperforate 
imperforate 
imperforate 
imperforate 
imperforate 

imperforate 
imperforate 
imperforate 
imperforate 
imperforate 

organic 
layers 

IOL 
IOL 
IOL 
IOL 
IOL 
IOL 
IOL 
IOL 
IOL 
IOL 
IOL 
IOL & OOL 
IOL? & OOL 
IOL & OOL 
IOL & OOL? 
IOL & OOL 
IOL & OOL 
IOL & OOL 
IOL & OOL 

? 
IOL & OOL 
IOL & OOL 
IOL & OOL 

IOL & OOL 

IOL & OOL 
IOL & OOL 
IOL & OOL? 
IOL & OOL? 
IOL & OOL 
IOL & OOL 
IOL & OOL 
IOL & OOL 
IOL?&OOL? 
IOL & OOL? 
IOL & OOL 
IOL & OOL 
IOL & OOL 
IOL & OOL 
IOL & OOL 
IOL & OOL? 
IOL & OOL? 
IOL & OOL 
IOL & OOL?? 
IOL & OOL 
IOL & OOL 
IOL & OOL 
IOL & OOL 
IOL & OOL 
IOL & OOL 
IOL & OOL 
IOL & OOL 

IOL & OOL 
IOL & OOL? 
IOL & OOL 
IOL & OOL 
IOL & OOL 
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Table 1 (continued): Wall structures in Recent agglutinated foraminifera. 

species cement cement pore 
type 

organic 
layers composition morphotype 

Rhabdarnrnina abyssorurn M. Sars, 1869 
Rhizarnrnina sp. 1 
Psamrnosphaera fusca Schulze, 1875 
Saccamrnina sphaerica Brad y , 187 1 
Crithionina hispida Flint, 1899 
Crithionina pisurn Goes, 1896 
Miliarnrnina sabulosa Rhumbler, 1936 
Bathysiphon capillare De Folin, 1886 
Bathysiphon hystrix Gooday, 1988 
Saccorhiza ramosa (Brady, 1879) 
Reophax bilocularis Flint, 1899 
Reophax calcareus (Cushman, 1947) 
Reophax cf. R. diflugifonnis Brady, 1884 
Reophax rnicaceus Earland, 1934 
Reophax scorpiurus Montfort, 1808 
Paratrochamrnina bermudaensis Bender, 1989 
Paratrocharnmina cf. P. clossi Bronnimann, 1979 
Paratrocharnrnina simplissima 

(Cushman & McCulloch, 1948) 
Tritaxis sp. 1 
Trocharnrninopsis irregularis Bender, 1989 
Trochamrninopsis rnornbasaensis Bender, 1989 
Jadammina macrescens (Brady, 1870) 
Nouria polyrnorphinoides 

Heron-Allen & Earland, 1914 
"Dorothia " aspera (Brady, 1882) 
"Dorothia " scabra (Brady, 1884) 
Thurammina papillata Brady, 1879 
Miliamminafusca (Brady, 1870) 
Hippocrepinella hirudinea 

Heron-Allen & Earland, 1932 
Arnrnodiscus catinus Hoglund, 1947 
Ammoscalaria foliacea (Brady, 1881) 
Arnmoscalaria tenuimargo (Brady , 1882) 
Adercorryma glorneraturn (Brad y, 1878) 
Ammosphaeroidina sphaeroidiniformis (Brady, 1884) 
Cystarnrnina pauciloculata (Brady , 1 879) 
Cyclarnrnina cancellata Brady, 1879 
Cyclamrnina orbicularis Brady, 188 1 
Cyclarnrnina pusilla Brady, 188 1 
Cyclammina trullissata (Brady, 1879) 
Cyclarnrnina sp. 1 
Portatrochammina rnurrayi 

Bronnimann & Zaninetti, 1984 
Eggerelloides arcticus (Hoglund, 1947) 
Schizammina arborescens Buchanan, 1960 
Schizarnrninafurcata Heron-Allen & Earland, 1929 
Cribrostornoides subglobosus forma subglobosus 

organic 
organic 
organic 
organic 
organic 
organic 
organic 
organic 
organic 
organic 
organic 
organic 
organic 
organic 
organic 
organic 
organic 

foam 
foam 
foam 
foam 
foam 
foam 
foam 
foam 
foam 
foam 
foam 
foam 
foam 
foam 
foam 
foam 
foam 

imperforate 
imperforate 
imperforate 
imperforate 
imperforate 
imperforate 
imperforate 
imperforate 
imperforate 

imperforate 
imperforate 
imperforate 
imperforate 
imperforate 
imperforate 
imperforate 
imperforate 

IOL 
IOL 
IOL 
IOL 
IOL 
IOL 
IOL 
IOL & OOL? 
IOL & OOL? 
IOL & OOL 
IOL & OOL 
IOL & OOL 
IOL & OOL 
IOL & OOL 
IOL & OOL 
IOL & OOL 
IOL & OOL? 

organic 
organic 
organic 
organic 
organic 

foam 
foam 
foam 
foam 
foam 

imperforate 
imperforate 
imperforate 
imperforate 
imperforate 

IOL & OOL? 
IOL & OOL? 
IOL & OOL? 
IOL & OOL? 
IOL & OOL 

organic 
organic 
organic 
organic 
organic 

foam 
foam 
foam 
strands + 
strands 

imperforate 
imperforate 
imperforate 
imperforate 
imperforate 

IOL & OOL 
IOL & OOL 
IOL & OOL 
IOL 
IOL 

organic 
organic 
organic 
organic 
organic 

organic 
organic 
organic 
organic 
organic 
organic 
organic 

strands 
strands 
strands 
strands 
strands 
strands 
strands 
strands 
strands 
strands 
strands? 
strands 

imperforate 
imperforate 
imperforate 
imperforate 
imperforate 
imperforate 
imperforate 
imperforate 
imperforate 
imperforate 
imperforate 
imperforate 

IOL& OOL? 
IOL & OOL 
IOL & OOL 
IOL & OOL? 
IOL & OOL 
IOL & OOL 
IOL & OOL 
IOL & OOL 
IOL & OOL 
IOL & OOL 
IOL & OOL 
IOL & OOL 

strands? 
strands 
fibrous network+ 
fibrous network+ 

imperforate 
imperforate 
imperforate 
imperforate 

IOL & OOL 
IOL & OOL 
IOL & OOL 
IOL & OOL 

organic 
organic 
organic 
organic 

(Cushman, 1910) 
Cribrostornoides scitulus (Brady, 188 1 ) 
Recurvoides contortus Earland, 1934 
Arnrnoscalaria pseudospiralis (Williamson, 
Discarnrnina cornpressa (Goes, 1882) 
Spiroplectarnrnina elegans (Lacroix, 1932) 
Paratrochammina challengeri 

Bronnimann & Whittaker, 1988 
Tritarisfusca (Williamson, 1858) 
Trochammina inflata (Montagu, 1808) 
Karrerulina apicularis (Cushman, 191 1) 
Prolixaplecta palustris (Warren, 1957) 

organic 
organic 
organic 

1858) organic 
organic 
organic 

fibrous network+ 
fibrous network+ 
fibrous network+ 
fibrous network+ 
fibrous network+ 
fibrous network+ 

imperforate 
imperforate 
imperforate 
imperforate 
imperforate 
imperforate 

IOL & OOL 
IOL & OOL 
IOL & OOL 
IOL & OOL 
IOL & OOL 
IOL & OOL 

organic 
organic 
organic 
organic 
organic 

fibrous network+ 
fibrous network+ 
fibrous network+ 
fibrous network+ 
fibrous network+ 

imperforate 
imperforate 
imperforate 
imperforate 
imperforate 

IOL & OOL 
IOL & OOL 
IOL & OOL 
IOL & OOL 
IOL & OOL? 
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Table 1 (continued): Wall structures in Recent agglutinated foraminifera. 

species cement pore type pore organic 
composition diameter layers 

Eggerella bradyi (Cushman, 19 1 1 )  
Karreriella bradyi (Cushman, 19 1 1) 
Tetragonostomina rhombiformis Mikhalevich, 
Textularia cf. T. aperturalis Cushman, 19 1 1 
Textularia candeiana d'orbigny, 1839 
Textularia conica dlOrbigny, 1839 
Textularia cf. T. fungiformis Fornasini, 1887 
Textularia kerimbaensis Said, 1949 
Textularia pseudorugosa Lacroix, 193 1 
Siphotextularia bermudezi Mikhalevich, 1978 
Siphotextularia caroliniana (Cushman, 1922) 

calcitic textulariid 
calcitic textulariid 

1975 calcitic textulariid 
calcitic textulariid 
calcitic textulariid 
calcitic textulariid 
calcitic textulariid 
calcitic textulariid 
calcitic textulariid 
calcitic textulariid 
calcitic textulariid 

Placopsilina confusa Cushman, 1920 
Connemarella rudis (Wright, 1900) 
Connemarella sp. 1 
Karreriella novangliae (Cushman, 1922) 
Martinottiella bacillaris (Brady, 188 1) 
Martinottiella communis (d'orbigny, 1846) 
Bigenerina nodosaria d'orbigny, 1826 
Textularia? agglutinans d'orbigny, 1839 
Textularia pseudogramen Chapman & Parr, 1937 
Pseudoclavulina mexicana (Cushman, 1922) 
Clavulina angularis d'orbigny, 1826 
Clavulina dijjiormis Brady, 1884 
Clavulina nodosaria d'orbigny, 1839 
Clavulina tricarinata d'orbigny, 1839 
Valvulina oviedoiana d'orbigny, 1839 

calcitic textulariid 
calcitic textulariid 
calcitic textulariid 
calcitic textulariid 
calcitic textulariid 
calcitic textulariid 
calcitic textulariid 
calcitic textulariid 
calcitic textulariid 
calcitic textulariid 
calcitic textulariid 
calcitic textulariid 
calcitic textulariid 
calcitic textulariid 
calcitic textulariid 

straight unbranched 
straight unbranched 
straight unbranched 
straight unbranched 
straight unbranched 
straight unbranched 
straight unbranched 
straight unbranched 
straight unbranched 
straight unbranched 
straight unbranched 

distally branched 
distally branched 
distally branched 
distally branched 
distally branched 
distally branched 
distally branched 
distally branched 
distally branched 
distally branched 
distally branched 
distally branched 
distally branched 
distally branched 
distally branched 

1 .o - 2.0 IOL 
6.0 IOL 
3.0 IOL 
5.0 - 6.0 IOL 
2.5 - 4.0 IOL 
5.0 IOL 
1.0 - 2.0 IOL 
5.0 - 6.0 IOL 
5.0 - 6.0 IOL 
2.5 - 3.0 IOL 
2.5 - 3.0 IOL 

2.5 - 3.0 IOL 
4.0 - 7.0 IOL 
2.5 - 3.0 IOL 
2.0 IOL 
2.5 - 3.0 IOL 
2.0 - 4.0 IOL 
2.0 IOL 
5.0 - 6.0 IOL 
2.5 - 3.0 IOL 
2.0 IOL 
2.5 - 3.0 IOL 
2.5 - 3.0 IOL 
2.5 - 3.0 IOL 
2.5 - 3.0 IOL 
2.5 - 3.0 IOL 

Martinottiella sp. 1 calcitic textulariid anastornosing 0.5 -1.0 IOL 
Spiroplectinellafloridana (Cushman, 1922) calcitic textulariid anastomosing 0.5 - 1.0 IOL 
Spiroplectinella wrighti (Silvestri, 1903) calcitic textulariid anastomosing 0.5 - 1.0 IOL 

Quinqueloculina? agglutinans d'orbigny, 1839 calcitic miliolid imperforate IOL 
Quinqueloculina berthelotiana d'orbigny, 1839 calcitic miliolid imperforate IOL 
Sigmoilopsis schlumbergeri (Silvestri, 1904) calcitic miliolid imperforate IOL 

immersed in an organic substance that completely 
fills the intergranular space. Towards the distal 
wall area particles protrude from the cement while 
the IOL is proximal of the agglutinated wall. 
Thurammina papillata was tentatively classified 
as belonging to the strand cement type. 

The remaining 12% of all species studied use a 
network of strands (e.g. Ammoscalaria pseudospi- 
ralis (Pl. 11, Fig. 1) and Karrerulina apicularis (Pl. 
11, Fig. 2)). Some species e.g. species of Schizam- 
m i n a  (Pl. 10, Fig. 6), Discammina compressa,  
Cribrostomoides scitulus, C ,  subglobosus, Recur- 
voides contortus, and Paratrochammina challengeri, 
use a very close-meshed network cement in the prox- 
imal areas of the wall, especially in contact with 
the IOL, while in the distal wall areas cement can 
be found only at inter-particle contacts (in Table 1 
marked with "+"). 

Not all species examined could be classified 
according to cement morphogroups (in Table 1 
marked with "?"). Cements in a number of species, 

especially those of "primitive" ones, could only be 
discerned with considerable difficulty as the 
morphological types of organic cement and also the 
microstructure of calcareous cement display a certain 
degree of variability (Table 2). As described above, 
variable density in the organic cement during test 
ontogeny and within a single chamber can also be 
seen. The organic foam-, strand- and network-like 
types of cement may also be restricted to specific 
areas of the test wall. In these cases, combination 
with a morphologically undifferentiated cement is 
evident (Table 2). 

SYSTEMATIC IMPLICATIONS 
The uniform and comparative examination of the 
fundamental agglutinated wall structures as out- 
lined above facilitates the integration of these 
features into a structured hierarchical classification 
system. In the following section, the diagnostic 
value of these features is briefly evaluated and is 
summarized in Table 3. 
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Table 2. Modifications of cement microstructures. 

Heike Bender 

Organic Cement Modifications of cement microstructures 

a) undifferentiated amount of organic substance 

b) foam-like mass form of bubbles (regular at bubble contact, irregular at particle contact) 
bubbles may be restricted to specific test areas 

c) single strands disposition of strands (ordered, unordered, single, or combined in groups) 
density of strands 
length of strands 
strands may be restricted to specific test areas 

d) fibrous network width of the network 
network may gradually change over to strands between grains ~ 0 . 5  pm apart 
network may be restricted to specific test areas 

Calcitic Cement crystal sizes 
disposition of crystals within bundles (bundle sizes, bundle forms) 
disposition of bundles (ordered, unordered) 
amount of bundles 
unstructured, massive calcite deposits 

1. Organic layers 
Due to the lack of information about the formation 
of an inner or outer organic layer, Loeblich & Tap- 
pan (1987) could not at the time evaluate these 
features. According to these authors, the inner 
organic layer characterizes superfamilies, families 
and subfamilies, but most frequently genera. For 
several genera it is specifically noted, that they are 
characterized by the lack of an IOL (for example 
the genus Reophax). The presence of an outer organic 
layer is noted, if at all, at the genus level. 
Bronnimann & Whittaker (1988) established the 
suborder of Trochamminina, which is characterized 
by the presence of both an IOL and an OOL. 

The inner organic layer, as a fundamental compo- 
nent of the agglutinated test of all organically and 
calcareous cementing species examined, character- 
izes the highest systematic category, the suborder 
(Table 3). Accordingly, the single- or multilayered 
structure of the IOL represents a characteristic fea- 
ture probably on the family level, which is related 
to the arrangement of chambers (quinqueloculine, 
serial, spiral and so on, Table 3). 

The observation that out of nearly all aggluti- 
nated species only the organically-cemented poly- 
thalamous taxa possess an outer organic layer has to 
be interpreted, as already mentioned above, in the 
context of multichambered test formation. The pres- 
ence or lack of an OOL could, according to the single- 
or multilayered IOL structure, be of diagnostic value 
on the family level (Table 3). The structure of the 
OOL has not yet been investigated in the TEM. The 
existence of a multilayered OOL has not yet been 
observed. 

It must be emphasized that amongst all the ag- 
glutinated foraminifera examined so far, the agglu- 
tinated species with a polythalamous quinqelocu- 
line chamber arrangement of the genus Miliammina 
constitute an exception to the stated observations. 
They neither form a multilayered IOL nor an OOL 
(Table 3). The presence or absence of an OOL can be 
interpreted as functional and phylogenetic aspects. 
It is known from agglutinating miliolid species and 
"pure" miliolid species, that while they do not form 
an outer organic layer they all biomineralize intra- 
cellularly (Berthold, 1976; Angel, 1980; Hemleben 
et al., 1986). At the Third international Workshop 
on Agglutinated Foraminifera (Tiibingen, 1989) the 
same has been shown for calcitic cementing aggluti- 
nated species (Bender, 1989a,b, 1992). On the other 
hand the presence of an OOL in polythalamous 
organically-cemented species could be related to the 
existence of organic templates in lamellar calcitic 
foraminifera which are involved in extracellular 
biomineralization. This phylogenetically impor- 
tant aspect needs to be substantiated through 
further TEM and SEM studies. 

The combination of the features "absence of an 
OOL" and "monothalamous test" or "presence of an 
OOL" and "polythalamous test" (Table 3) does not 
allow for further subdivision of organically cement- 
ing species because polythalamous tests without an 
OOL (species of the genus Miliammina) also exist. 
Moreover, if the criteria "mono-" or "polytha- 
lamous" are used at the hierarchically highest 
level (e.g. Hohenegger, 1990: p. 102) then new 
suborders have to be established not only for the 
textulariid foraminifera. At present, there are also 
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Table 3. Wall structures of Recent agglutinated foraminifera: an assessment of their diagnostic value 

no suborders recog~sed for monothalamous miliolid 
foraminifera such as the squamulinacean species, or 
the monothalamous calcitic lamellar foraminifera 
such as nodosariacean lagenid and oolinid species. 
As Hohenegger (1990) stated, the most important 
postulate for deriving a classification is the 
consistency of criteria used for classifying objects. 

I 
suborder agglutinated test (not restricted to textulariid foraminifers) 

2. Cement composition 
According to Loeblich & Tappan (1989: p. 772), the 
systematic classification of foraminifera at the 
hierarchically highest level of the suborder is 
based on: 

(1) the chemical composition of their biogenic 
secretion and 

(2) on their method of test construction. 
It has only recently been possible to apply these 

distinguishing criteria to agglutinated foraminifera 
(Hedley, 1963; Bender, 1986, 1989a,b; 1992; Bender 
& Hemleben, 1988b). The identification of 
biogenically deposited calcite made it necessary to 
further subdivide the suborder Textulariina. A 
number of different classification models followed 
this first attempt (Bronnimann & Whittaker, 1988; 
Loeblich & Tappan, 1989 (Table 4); 1990; 
Hohenegger, 1990). 

The extensive study of the test structures and 
composition of agglutinated species presented here, 
forms a more solid basis for the re-definition of the 
suborder Textulariina. According to the aforemen- 
tioned double criteria for the classification of subor- 
ders, in my opinion the Textulariina should be split 
into only two super-groups, both having the status of 
a suborder (Table 3, see also Bender, 1989a: p. 305). 

superfam~ly 

family 

The basic criteria used for this division should be 
based on- the composition of biogenic cements, either 
organic (1st suborder) or calcitic (2nd suborder). 
Other types of cement formed by foraminifera have 
not yet been documented. 

If the agglutinated species"Textu1aria" crenata 
Cheng & Zheng indeed possesses aragonitic cement 
(pers. comm., J. Murray, 1993, see above), then the 
question of whether it must be placed in a third sub- 
order of the Textulariina (organic, calcitic, arago- 
nitic) or in a new biserial category of the Robertin- 
ina must be carefully considered. The ability to 
incorporate particles into the test is also found in 
species with miliolid (e.g. species of the genera 
Deuterostomina, Siphonaperta, Sigmoilopsis, Ag- 
glutinella, Quinqueloculina, Table 1, P1. 12, Figs. 6, 
7) as well as in species with calcitic lamellar 
biomineralizate (e.g. species of the genera Stroma- 
torbina, Neoeponides, Heterolepa, Cibicides). For 
agglutinated species with fusulinid biomineralizate 
(calcitic microgranular, e.g. species of the genera 
Semitextularia, Koskinobigenerina, Palaeotextu- 
laria) a relationship with the textulariid foram- 
inifera cannot definitely be excluded. It has been 
pointed out that the structure of the biominer- 
alizate is identical in some fusulinid and textu- 
lariid species (Bender, 1989a: p. 307; Piller, 1990). 

The method of test formation of biomineralizing 
species is, according to our current knowledge, com- 
parable with that of agglutinating miliolid foram- 
inifera. The typical "textulariid structure" of bio- 
mineralized low-magnesium-calcite, characterizes 
amongst all existing foraminifera only those of the 
second suborder. A basic model of test formation of 

IOL present (not restricted to textulariid foraminifers) 

subfamily 

I 
genus 

I 
species four cement morphotypes 

I 
three pore types 

..................................................................................................................................................... 
I. organic cement 2. calcitic "textulariid" cement 

monothalamous 

imperforate 

various 
test forms 

IOL single layered 
OOL missing 

monothalamous ? 

? 

? 

? 
? 

I 

polythalamous 

imperforate 

polythalamous 

perforate 

quinqueloculine 
test arrangement 

IOL single layered 
OOL missing 

quinque 
loculine test 
arrangement ? 

? 
? 

various test 
arrangements 

IOL multilayered 
OOL present 

various test 
arrangements 

IOL multilayered 
OOL missing 
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Table 4. Classification of agglutinated foraminifera according to Loeblich & Tappan (1989). 

Astrorhizina monothalamous organic cement imperforate wall flexible to 
Jerovic, 1953 strands nonalveolar firm 

loosely cemented 
organically coated 
particles 
IOL? I OOL? 

Haplophragmagmiina polythalamous organic cement ? wall firm 
Wedekind, 1937 Microstructure? Simple to 

well cemented alveolar 
organically coated 
particles? 
IOL I OOL in some 
species 

Trochamminina polythalamous organic cement imperforate wall firm 
Bronnimann & network or foam nonalveolar 
Whittaker, 1988 well cemented 

organically coated 
particles? 
IOL? I OOL? 

Textulariina polythalamous calcitic cement (?) imperforate / 
Delage & Herouard, "textulariid perforate 
1896  microstruc~ure" 

organically coated 
particles 
IOL? / OOL? 

"The basically distinct types of cement in the agglutinated foraminifers, demonstrated by controlled cultures as well as 
rninerological and ultrastructural studies, indicate that they should similarly be recognised at the subordinal level" (Loeblich 
& Tappan, 1989, p. 773). 

textulariid foraminifera was presented at the Third 
international Workshop on Agglutinated Foramin- 
ifera (Tiibingen, 1989; Bender 1989a,b; 1992). 

3. Cement microstructures 
According to Loeblich & Tappan (1987, 1989, 1990) 
the category of the suborder is identified by the 
composition and the method of test formation. Dis- 
tinctly different expressions of wall microstructure 
are superfamily or family criteria (Loeblich & 
Tappan, 1989: p. 769, 772), although agglutinated 
foraminifera are an exception to this rule: "The 
basically distinct types of cement in the aggluti- 
nated foraminifera, demonstrated by controlled cul- 
tures as well as mineralogical and ultrastructural 
studies, indicate that they should similarly be rec- 
ognized at the subordinal level" (p. 773). Although 
this statement was based upon only a few prelimi- 
nary investigations, Loeblich & Tappan divided 
organically cementing species into three suborders 
(Astrorhizina, Haplophragmiina, Trochammin- 
ina), based upon the few organic cement microstruc- 
tures known at the time (Table 4). Criteria such as 
mono- or polythalamous test, simple or alveolar 
structure, flexible or firm test, are implicitly given 
lower-ranking status. 

The classification of Loeblich & Tappan (1989) 
based on cement microstructures must be rejected. 
After extensive investigation it must be acknowl- 
edged that cement microstructures, due to their 
nature as products of specific genetic processes and 
biochemical composition, cannot be identified on a 

morphological basis alone. They are not to be 
viewed as rigid typological units but rather, as bio- 
logical products with modifications and intermedi- 
ary stages (Table 2). Unlike the cement composition 
(organic or biogenic calcite), the cement microstruc- 
tures, as they are known today, do not allow for fur- 
ther division into suborders. Further knowledge on 
this investigative level may possibly be gained 
from an analysis of amino-acid composition of the 
different cement morphotypes. At the Fourth Inter- 
national Workshop on Agglutinated Foraminifera 
(Krakow, 1993), a consensus was reached to ignore 
the suborders of Loeblich & Tappan (1989) until such 
time that more information on cement micro- 
structures becomes available. Therefore the three 
suborders recognized by Loeblich & Tappan (1989) 
must be rejected in favour of a single suborder to 
encompass all forms with organic cement. 

However, determination of the organic cement 
morphotype is regarded here as an important tool 
for the species concept and the definition of morpho- 
species. An overwhelming number of organically 
cementing species can be assigned to one of the four 
cement morphogroups. These morphotypes are intra- 
specifically identical. Remarkably, species of the 
same genus show different morphotypes (for exam- 
ple species of the genera Bathysiphon, Rhab- 
dammina, Thurammina, Miliammina, Ammodiscus, 
Reophax, Cribrostomoides, Ammoscalaria, Eggerel- 
loides, Paratrochamrnina, Tritaxis, Table 1). If it is 
desirable to prevent unneccessary proliferation of 
new generic names, then the organic microstructures 
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described here must be regarded as having system- 
atic value only at the hierarchically lower-ranking 
species level (Table 3). 

4. Pore systems 
The category of superfamily is characterized, ac- 
cording to Loeblich & Tappan (1987: p. 2, 1989: p. 
772) by the presence or absence of wall perforations 
or canaliculi. 

From the results of the study on Recent species 
presented here, it can be confirmed that the identi- 
fication of a pore system is of systematic relevance. 
Pore systems could be found in all biomineralizing 
species, while organically cementing species are 
void of pores (Table 1, 3). It must be emphasized 
that these results apply only to the modern species 
studied here. 

The morphologically distinct pore types are of 
lower-ranking value and can be utilized in species 
definition (Table 3), as among species of the same 
genus differing pore types were found (for example 
species of the genera Karreriella, Martinott iel la,  
Textularia, Table 1). 

Several authors have demonstrated the itera- 
tive evolution of calcareous cemented, canaliculate 
species from non-canaliculate ancestors (Banner & 
Desai, 1985; Desai & Banner, 1987; Banner et al., 
1991). These authors have grouped the studied fos- 
sil species into so-called "calc-agglutinated" forms, 
in the sense that they have agglutinated tests with 
biologically secreted calcitic or aragonitic so-called 
"microgranules" (Banner et al., 1991: p. 104). How- 
ever, it has not yet been unambigously proven that 
calcareous cemented, solid-walled tests do indeed 
exist, as the authors did not differentiate between 
primarily secreted, diagenetically altered, and for- 
eign calcareous "microgranules". To validate the 
presence of biomineralized cement with its typical 
structure, high resolution studies with appropriate 
techniques need to be conducted. Otherwise the pos- 
sibility that these tests may have "organo-aggluti- 
nated", imperforate walls, cannot be excluded. In 
the case of Recent tests there are examples of species 
which clearly have very similar growth modes and 
test morphologies, but different cement composi- 
tions, for example species of the genera Egger- 
e l l a /Me idamone l la  (calcareous, perforate) and 
Eggerelloides (organic, imperforate), and also 
species of the genera Karreriella (calcareous, perfo- 
rate) and Karrerulina (organic, imperforate, Table 
1). Moreover, specimens of Recent "Textularia" as- 
pera Brady, 1882 and "Gaudryina" scabra Brady, 
1884 which are morphologically identical to 
Dorothia but which clearly exhibit an organic 
cement also exist (Table 1, P1. 10, Fig. 3). Probably 
"T." aspera and "G." scabra belong to a new aggluti- 
nated genus with a trochospiral juvenile stage and 
imperforate, organically-cemented walls. These 
species are closely related to fossil species of the 
newly established genus Praedorothia Desai & 
Banner 1987, with the exception that the latter are 

said to have calcitic cement. Also, under the influ- 
ence of diagenesis it may be difficult to discern the 
perforate structure of the altered test. Species of the 
genus Pseudoclavulina should be solid-walled 
(Hofker, 1976; Banner & Desai, 1985), but SEM 
investigations on Recent tests of Pseudoclavulina 
mexicana clearly reveal pores (Pl. 12, Fig. 3, see also 
Loeblich & Tappan, 1987; Charnock & Jones, 1990). 

CONCLUDING REMARKS 
In summary, the species studied and listed in this 
paper comprise only a small fraction, about 13%, of 
a total of 624 agglutinated genera recognized as 
valid by Loeblich & Tappan (1987). Moreover, only 
modern species have been studied in terms of their 
wall structures and cementing agents, which are 
determined by the nature of the secreting proto- 
plasm. In fact the compilation of these features for 
each species is troublesome as postmortem alter- 
ations may occur immediately after death of the 
foraminifer. But the knowledge gained about un- 
changed test characteristic~ clearly shows what can 
potentially be achieved when examining Recent and 
fossil tests. Piller (1990) recently demonstrated that 
it is possible to find modern test features in well 
preserved fossil material. He showed that in 
agglutinated fusulinid species, the typical 
"textulariid" cement structure in combination with a 
pore system is still evident. 

The knowledge of test structure and cement char- 
acteristics gained during this study reveals that 
there are several important lines of enquiry ripe for 
further research. These include questions concerning: 

the existence of textulariid species with arago- 
nitic cement, 
the existence of monothalamous species and of 
quinqueloculine species with typical "textu- 
lariid" calcitic cement (Table 3), 
the existence of calcareous cementing species 
with imperforate wall structure and organically 
cementing species with true pores, 
the relationship between the presence of an outer 
organic layer in agglutinated foraminifera and 
the presence of organic templates of lamellar cal- 
citic foraminifera, 
the relationship of textulariid foraminifera 
without an OOL and intracellularly biomineral- 
izing foraminifera. 
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APPENDIX - SPECIES LIST 
Species are listed in alphabetical order including 
the original designation and those references 
involving significant name changes. 

Adercotyma glomeratum (Brady, 1878) 
Plate 4, Fig. 19 

Lituola glomerata Brady, 1878, p. 433, pl. 20, figs. lb, c, fig. 
l a  not recognized. 

Material: Fram Strait (85 m), off Liberia (4398 m), 
off Togo (4449 m) 

Alveolophragmium orbiculatum Stschedrina, 1936 
Plate 5, Fig. 5 

Alveolophragmium orbiculatum Stschedrina var. ochoto- 
nensis Stschedrina, 1936, p. 317, figs. 2 a, b. 

Material: off Liberia (99 m), off Guinea (299 m) 

Ammobaculites agglutinans (d'orbigny, 1846) 

Spirolina agglutinans d'orbigny, 1846, p. 137, pl. 7, figs. 10- 
1 9  
L L .  

Ammobaculites a glutinans (d'orbigny). - Bender, 1989a, p. 
297.pl.5,fig t p l .  16,fig. 18. 

Material: off Ghana (4970 m, 3219 m, 4264 m), and 
localities in Bender (1989a) 

Ammobaculites filiformis Earland, 1934 
Plate 4, Fig. 18 

Ammobaculites agglutinans (d'orbigny) var. filiformis 
Earland, 1934, p. 92, pl. 3, figs. 11-13. 

Material: off Canary Islands (2896 m) 
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Ammodiscus catinus Hoglund, 1947 
Plate 2, Figs. 11,12 

Ammodiscus catinus Hoglund, 1947, p. 122, pl. 8, figs. 1, 7, 
pl. 28, figs. 19-23. 

Amrnodiscus gullmarensis Hoglund. - Ho lund, 1948, nom. 
, nov. pro A. planus, 45, T pe figure inhg1und, 1947, p. 

123, pl. 8, figs. 2-3, % pl. 2d: f i g  17-18. 

Material: Gullmar Fjord (100 m, type locality: 
Hoglund station "G 59"), Fram Strait (3540 m), off 
Dacar (1517 m), off Morocco (90 m), off Liberia (99 
m), off Ivory Coast (2221 m), off Ghana (202 m) 
Remarks: In samples off western Africa and in a 
sample from the type locality (Pl. 2, Figs. 11, 12, 
Gullmar Fjord; Hoglund's station "G 59") 
characteristic cup-shaped specimens were found. 
Many transitional stages towards planispiral 
specimens occured in both locations. No correlation 
between the coiling height of the test and the 
macro- or microspheric generation was found. Flat 
and cup-shaped specimens exhibit several irregu- 
larly built terminal whorls and/or an irregular 
juvenile stage. Ammodiscus catinus and A. gullmar- 
ensis are treated here as synonyms, as the described 
morphological features are contained within the 
variability of A. catinus and also all comparable 
test microstructures appear to I3e identical. 
According to Loeblich & Tappan (1987) the different 
coiling modes (plani-, trocho-, streptospiral) place 
A. catinus into three different genera (Ammodiscus, 
Arenoturrispirillina, Glomospira). 

Ammodiscus cretaceus (Reuss, 1845) 
Plate 2, Fig. 16 

Operculina cretacea Reuss, 1845, p. 35, pl. 13, figs. 64,65. 

Material: Upper Aptian, North Germany (Braun- 
schweig, Georgsdorf 3: collection Lutze), Turon, 
Bavarian Flysch, Jenbachtal (collection Pflaumann) 
Remarks: Intergranular void is micritized. The IOL 
and OOL are not preserved. 

Ammodiscus cf. A.flavidus Hoglund, 1947 
Plate 2, Fig. 13 

cf. Ammodiscus avidus Ho lund, 1947, p. 127-128, 1. 28, J' fi s. I, 2, 1. 9, fig. 3, 81, tfs. 99-100, p. 116, t f  P06. p. 
llf8, tf. log, p 119, t f  199. 

Material: off Ivory Coast (982 m, 913 m) 

Ammodiscus? planorbis Hoglund, 1947 
Plate 2, Fig. 14 

pars Ammodiscus planorbis Ho lund, 1947, 125 1 28, 
fig. 15, text-fig. 105, not pl. 8,figs. 4.9. pl. &, fig; p i  14, 
text-figs. 91, 109. 

Material: off Morocco (2383 m) 
Remarks: The specimens studied here belong to the 
type of Portugal Hoglund (1947) marked with "?". 

Ammodiscus tenuis Brady, 1881 
Plate 2, Fig. 15 

Trochammina (Ammodiscus) tenuis Brady, 1881, p. 51, Type 
figure in Brady 1884, pl. 38, figs. 4,5a, b, 6. 

Material: off Liberia (99 m), off Ivory Coast (2221 
m, 982 m), off Togo (1230 m) 

Ammolagena clavata (Jones & Parker, 1860) 
Plate 2, Fig. 9 

Trochammina irregularis (dtOrbigny) var. clavata Jones & 
Parker, 1860, p. 304, Type figure not given. 

Material: off Morocco (846 m), off W. Orkney 
Islands (904 m), off Ivory Coast (913 m), off Nigeria 
(247 m) 
Remarks: Some specimens from the eastern Atlantic 
material show an ovoid central chamber with two 
tubular exits. Several central chambers can be built 
in sequence (Pl. 2, Fig. 9, arrows). In sample 
1894.4.3.507 in the Brady collection (BMNH, Lon- 
don) four specimens were found exhibiting two exits, 
in 1894.4.3.508 four specimens with two exits, and in 
1894.3.3.506 one specimen with two exits were found. 

Ammoscalaria foliacea (Brady, 1881) 
Plate 4, Fig. 14 

p. 50, Type figure 

L Tappan, 1987, p. 

Material: off Ghana (4970 m), off Togo (4449 m) 

Ammoscalaria pseudospiralis (Williamson, 1858) 
Plate 4, Fig. 15, Plate 11, Fig. 1 

Proteonina pseudospiralis Williamson, 1858, p. 2, pl. 1, figs. 
2, 3. 

Material: off Dacar (51 m), off Guinea (302 m, 701 m) 

Ammoscalaria tenuimargo (Brady, 1882) 
Plate 4, Fig. 16 

Haplophragmium tenuimargo Brad 1882, p. 715, Type fig- 
ure in Brady 1884, pl. 33, figs. 1l:16. 

Material: off W. Orkney Islands (904 m) 

Ammosphaeroidina sphaeroidiniformis (Brady, 
1884) 

Plate 4, Fig. 20 

Ha lophragmium sphaeroidiniforme Brady, 1884, p. 313, 
Type figure not given. 

Material: off Dacar (1517 m) 

Astrorhiza arenaria Carpenter, 1877 
Plate 1, Fig. 1, Plate 8, Fig. 1 

Astrorhiza arenaria Car~enter. 1877. D. 213. T v ~ e  firrure in . J , 2 ,  " 
Carpenter, 1876. 

Astrorhiza sp. - Carpenter, 1876, p. 221, pl. 19, figs. 1, 3-4 
(collection incomplete). 

Material: Greenland Sea (400 m), off Ghana (632 m) 

Bathysiphon capillare De Folin, 1886 
Plate 1, Fig. 3, Plate 9, Fig. 3 

Bathysiphon capillare De Folin, 1886, p. 276, pl. 5, figs. 2a-e. 
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Material: off Nigeria (1018 m, 2173 m, 993 m) 
Remarks: The OOL has a spotty appearance. 

Bathysiphon hystrix Gooday, 1988 
Plate 1, Fig. 4, Plate 9, Fig. 4 

Bathysiphon hystrix Gooday, 1988, p. 102, fig. 4, p. 103, fig. 
5. 

Material: off Togo (2007 m) 
Remarks: The OOL has a spotty appearance. Foamy 
cement (Pl. 9, Fig. 4) can not be found everywhere 
within the whole test. 
Relations: It is possible that B. hystrix is synony- 
mous to B. capillare, as B .  hystrix has test areas 
without protruding spicules, and also all compara- 
ble test microstructures show similar developments 
(Pl. 9, Figs. 3 and 4). 

Bathysiphon rufus De Folin, 1886 
Plate 1, Fig. 5 

Bathysiphon rufum De Folin, 1886, 283, 1. 7, fi s. 8a, b, c. 
Bathyslphon /~liformis Sars. - ~ e n g r ,  19&a, p. 594, p l  16, 

fig. 1. 

Material: off Morocco (846 m), off Liberia (1483 m, 
831 m), and localities in Bender (1989a) 
Remarks: Some specimens with spicules integrated 
within the proximal wall area. 

Bathysiphon sp. 1 

Siphonammina anulif2m nom. nud. Berthold, 1980, p. 14, figs. 
1-20. 

Bathysiphon sp. - Bender, 1989a, p. 294, pl. 16, fig. 4. 

Material: see Bender (1989a) 

Bigenerina nodosaria dlOrbigny, 1826 
Plate 7, Fig. 1 

Bigenerina nodosaria dlOrbigny, 1826, p. 261, pl. 11, figs. 9- 
12. 

Material: off Morocco (1063 m) 

Buzasina ringens (Brady, 1879) 
Plate 4, Fig. 13 

Trochammina ringens Brady, 1879, p. 57, pl. 5, figs. 12a, b. 

Material: off Ghana (4264 m), off Togo (4449 m) 

Clavulina angularis d'orbigny, 1826 

Clavulina an ularis d'Orbi y, 1826, p. 268, pl. 12, fi 7 
Bender &fIemleben, 19ga,  14, not fi red, 198gb. ' : 
42, not figured. - Bender, 198k, .304, fig. 1, pl. I{, 
figs. 4 , ,  pl. 11, fig. 4, pl. 17, fig. 25. 

Material: see Bender (1989a) 

Clavulina difformis Brady, 1884 

Clavulina anpularis d'Orbimv var. difformis Bradv. 1884. D. " ,  ,, ,I -I I 

396, pl. 4$ figs. 25-31. 
Cavulina difformis Bradv. - Bender & Hemleben. 1988a. D. 

14, not f&red, 1988b: 42, not figured. - ~ender ,  19898, 
p 304, p1. 8, fig. 2, pl. ]!'fig. 23. 

Clavulina nodosaria d'orbigny, 1839 

Clavulina nodosaria d'orbigny, 1839a, p. 110, pl. 2, fi s. 19, 
20. - Bender & Hemleben, 1988a. p. 14, not fi red, f988b, 
p. 42, not figured. - Bender, 1989a. p. 304, p r9 ,  fig. 7, pl. 
11, figs. 5, 6, pl. 17, fig. 24. 

Material: see Bender (1989a) 

Clavulina tricarinata d'orbigny, 1839 

Clavulina tricarinata d'orbigny, 1839a, . 111, pl. 2, fi s. 16- f 18. - Bender & Hemleben, 1988a. p. 19, not figured, 988b, 
p. 42, not figured. -Bender, 1989a, p. 304, pl. 17, fig. 25. 

Material: see Bender (1989a) 

Connemarella rudis (Wright, 1900) 

Gaudr inn rudis Wri ht 1900 . 53, p1. 2, fig. 1. 
Dorotlia rudis ( ~ r i ~ k t ) :  - ~ e i l e r ,  1989a, p. 302, pl. 9, fig. 6, 

pl. 17, fi . 12. 
connenulrjla rudis (Wright). - Loeblich 6r Tappan, 1989, p. 

775, figs. 1-7. 

Material: see Bender (1989a) 

Connemarella sp. 1 
Plate 6, Fig. 9 

Material: off Canary Islands (2869 m), off Liberia 
(99 m) 
Remarks: Test morphology similar to C. rudis, al- 
though test is flatter. More fine-grained particles 
than in C. rudis. Pore diameter smaller. 

Cribrostomoides scitulus (Brady, 1881) 
Plate 5, Fig. 1 

Haplophragmium scitulum Brady, 1881, p. 50, Ty e figure 
not given. - Brady, 1884, pl. 34, figs. l la,  b, 12,19 

Material: off Dacar (1517 m), off Morocco (90 m) 

Cribrostomoides subglobosus forma subglobosus 
(Cushman, 1910), emend. Jones et al., (1993) 

Plate 5, Fig. 2 

Havlovhra~moides sub~lobosum (G.O. Sars) Cushman. 
i916b, py 106, figs. 162-164. 

Cribrostomoides bradvi Cushman. - Cushman, 1910b, v.  108, . . 
109, figs. 167 a, b.d 

Cribrostomoides subglobosus forma subglobosus (Cushman). - 
Jones et al., 1993, p. 181-193, pl. 3, figs. 1-7. 

Material: Greenland Sea (3062 m), off Ivory Coast 
(2221 m, 691 m), off Togo (4449 m, 3736 m) 
Remarks: Cribrostomoides bradyi Cushman is con- 
sidered to be a junior synonym of Cribrostomoides 
subglobosus (Cushman) (Jones et al., 1993). 

Cribrostomoides? subturbinatus (Cushman, 1920) 
Plate 5, Fig. 4 

Trochamrnina subturbinafa Cushman, 1920, p. 81, pl. 16, figs. 
7, 8. 

Material: off Ghana (4264 m), off Togo (3736 m) 

Cribrostornoides triangularis Saidova, 1961 
Plate 5, Fig. 3 

Material: see Bender (1989a) 



Test structure and classification in agglutinated foraminifera 43 

Cribrostomoides triangularis Saidova, 1961, p. 31, pl. 9, fig. 
45. 

Material: off Ivory Coast (691 m), off Ghana (202 m) 

Crithionina hispida Flint, 1899 
Plate 2, Fig. 4, Plate 8, Fig. 2, Plate 10, Fig. 1 

Crithionina 
6, fig. 2. 

Crithionina 
2g-k. 

pisum Goes var. hispida , Flint, 1899, p. 267, pl. 

hispida Flint. - Thies, 1990, p. 307, pl. la-e, pl. 

Material: Greenland Sea (1298 m), off Ghana (3219 
m) 
Remarks: Crithionina hispida shows in accordance 
with C. pisurn a foamy organic cement (Pl. 9, Fig. 6, 
P1. 10, Fig. 1). According to Thies (1990), C. hispida 
forms strands. 

Crithionina pisum Goes, 1896 
Plate 9, Fig. 6 

Crithionina pisum Goes, 1896, p. 24, pl. 2, figs. 1, 2. - Thies, 
1990, p. 312, pl. 2 1. 

Material: Greenland Sea (1093 m) 

Cyclammina cancellata Brady, 1879 
Plate 5, Fig. 6, Plate 10, Fig. 4 

Cyclammina cancellata Brady, 1879, p. 62-63, Type figure in 
Brady 1884, pl. 37, figs. 8-16. 

Material: off Togo (87 m) 

Cyclammina orbicularis Brady, 1881 

Cyclammina orbicularis Brady, 1881, p. 53, Type fi ure in 
Brady 1884, p l  37, f ip .  17-18. - Bender, 1989a. p. 398, pl. 
2, fig. 8, pl. 7, fig. 5, p 16, fig. 21. 

Material: see Bender (1989a) 

Cyclammina pusilla Brady, 1881 

Cyclammina pusilla Brad 1881 53 T pe fi re in Brady 
1884, 1. 37, fi s 20-22- ~ e ~ ; & r ,  i98ki, p. %8, pl. 2, fig. 
9, p l  {fig. 6 , d .  16, fig. 22. 

Material: off Canary Islands (2896 m), and 
localities in Bender (1989a) 

Cyclammina trullissata (Brady, 1879) 

Trochammina trullissata Brady, 1879, p. 56, pl. 5, figs. 10a, 
b, 11. 

Cyclammina trullissata (Brady). - Bender, 1989a, p. 298, pl. 
6,fig.5,pl. 16,fig.23. 

Material: off Liberia (4398 m), and localities in 
Bender (1989a) 

Cyclammina sp. 1 
Plate 5, Fig. 7 

Material: off Liberia (99 m) 
Remarks: With coarse agglutinated particles. 

Cystammina pauciloculata (Brady, 1879) 

Trochammina pauciloculata Brady, 1879, p. 58, pl. 5, figs. 13, 
14. 

Cystammina pauciloculata (Brady). - Bender, 1989a, p. 297, 
pl. 6, fig. 4, pl. 16, fig. 19. 

Material: see Bender (1989a) 

Deuterammina mourai Bromimann & Zaninetti, 
1984 

Plate 5, Fig. 11 

Deuterammina (Lepidodeuterammina) mourai Bronnimann & 
Zaninetti, 1984, p. 85-87, pl. 4, figs. 5-7, M 1-4, N 1-3 ,0  1- 
4. 

Material: off Ghana (21 m) 

Deuterammina ochracea (Williamson, 1858) 

Rotalina ochracea Williamson, 1858, p. 55, pl. 4, fig. 112, pl. 
5, fig. 113. 

Le iddeuterammina ochracea (Williamson). - Loeblich & 
Rppan, 1987, p 127,pl 135, figs 10-14. 

Deuterammina ochracea ochracea (Williamson). - Bender, 
1989a, p. 301, pl. 17, fig. 10. 

Material: see Bender (1989a) 

Discammina compressa (Goes, 1882) 
Plate 4, Fig. 17, Plate 8, Fig. 6 

Lituolina irregularis (Romer) var. compressa Goes, 1882, p. 
141, pl. 12, figs. 421-423. 

Material: off Ivory Coast (982 m, 691 m, 913 m), off 
Togo (1230 m) 
Remarks: Alveoles are discernible in young cham- 
bers (Pl. 4, Fig. 17b), but difficult to distinguish in 
juvenile chambers. According to Loeblich & Tappan 
(1987, p. 68): the test ". . interior (is) divided by 
thin straight organic partitions". Organic nets are 
found in contact with the IOL. 

"Dorothia" aspera (Brady, 1882) 
Plate 6, Fig. 5 

pars Textularia aspera Brady, 1882, 715 T pe figure see 
Brady 1884, pl. 44, figs. 9-11, not {is. l i  1 1  

Material: off Guinea (2250 m) and BMNH: 
1915.4.1.1003 (Porcupine 1869, Sta. 41, 584 fthms., 
49.4"N, 12.22"W) 
Remarks: Two original Brady specimens from sam- 
ple 1915.4.1.1003 (see "material") were studied in 
the SEM: initial test trochospiral (Pl. 6, Fig. 5b), 
aperture interiomarginal (Pl. 6, Fig. 5a), organic ce- 
ment. One specimen with little foamy cement in con- 
tact with the IOL, the other specimen showed 
postmortem modifications. Original specimens 
sometimes with integrated spicules. According to 
Brady (1882) there is great variability of test mor- 
phology. Specimens from the eastern Atlantic (off 
Guinea) are identical to Brady's specimens. They 
exhibit only a few spots with foam in contact with 
the IOL. - According to Loeblich & Tappan (1987) is 
Dorothia  trochospiral in the initial test with 
canaliculate walls. Gaudryina is triserial and non- 
canaliculate, therefore the genus of the specimens 
examined here is unclear (initial test trochospiral/ 
noncanaliculate). 
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Relations: Test morphological transitions to "D." 
scabra, microstructures of both taxa are identical, 
possibly synonymous. 

"Dorothia" scabra (Brady, 1884) 
Plate 6, Figs. 6, 7, Plate 10, Fig. 3 

Gaudr inn scabra Brady, 1884, p. 381, pl. 46, figs. 7 a, b. 
pars 8xtularia aspera Brady. - Brady, 1884, p. 367-368, pl. 

44, figs. 12, 13, not figs. 9-11. 

Material: off Nigeria (495 m), off Guinea (701 m) 
and BMNH: ZF 1458 (Syntype, Culebra Island, 
West Indies, Challenger Sta. 24, 390 fthms.) 
Remarks: Genus undetermined (see "remarks" for 
"D". aspera). Initial test trochospiral (Pl. 6, Fig. 
7b), aperture interiomarginal (Pl. 6, Figs. 6, 7a), 
stained (=living) individuals with foamy cement 
especially in the youngest chambers, some specimens 
with little foam (Pl. 10, Fig. 3). Original Brady 
specimens are identical to those examined here (off 
Nigeria, off Guinea), except the test wall is 
smoother and thicker, sutures are less prominent, 
and agglutinated material is more fine-grained. One 
specimen from Brady collection (ZF 1458, see 
"material") was studied under the SEM: organic ce- 
ment with postmortem modifications (foam in con- 
tact with the IOL?), initial test trochospiral (Pl. 6, 
Fig. 7b). 

Eggerella bradyi (Cushman, 1911) 
Plate 6, Fig. 10 

Verneuilina bradyi Cushrnan, 1911, . 55, tf. 87. 
Eg erella bradyi (Cushman) - ~en ie r ,  1989a, p 302, pl. 9, 

lg .  5, pl  17, fig. 14. 

Material: off Ivory Coast (2221 m, 691 m), off Ghana 
(3219 m, 4264 m), off Togo (4449 m), and localities in 
Bender (1989a) 

Eggerelloides arcticus (Hoglund, 1947) 
Plate 6, Fig. 2 

Eggerella arctica Hoglund, 1947, p. 193, pl. 16, fig. 4, p. 189, 
tfs. 166-168. 

Material: off Ivory Coast (691 m) 

Eggerelloides scaber (Williamson, 1858) 

Bulimina scabra Williamson, 1858, p. 65, pl. 5, figs. 136,137, 
Type not recognized. 

Eg erelloides scabrum (Williamson). - Bender, 1989a, p. 
902, pl5, fig. 2, pl 17, fig. 13. 

Material: off Helgoland (6 m), and localities in 
Bender (1989a) 

Globotextularia propinqua (Brady, 1884) 
Plate 6, Fig. 3 

pars Verneuilina propinqua Brady, 1884, p. 387, pl. 47, figs. 
8,9,11, not fig. 13, figs. 10,12,14 not recognized. 

Material: off Liberia (3282 m, 2496 m), off Gabon 
(2987 m) 

Glomospira charoides fonna charoides (Jones & 
Parker, 1860) 

Plate 3, Fig. 1 

Trochammina squamata Jones & Parker var. charoides Jones 
& Parker, 1860, p. 304, T e figure not given. 

Trochammina charoides g n e s  & Parker). - Carpenter, 
Parker &Jones, 1862, p. 141, pl. 11 , f i t  3. , 

Revmanina charoides (Tones & Parker). - oebl~ch & Tappan, .. . 
i987, p. 52, pl. 39, fi S. 24-26. 

Glomospira charoides (fones & Parker). - Bender, 1989a, p. 
295, pl. 5, fig. 1, pl. 16, fig. 7. - Berggren & Kaminski, 1990, 
pl. 1, fig. 2. 

Material: off Morocco (2675 m, 846 m, 487 m, 1463 m, 
2496 m), off Ghana (4970 m, 3219 m), and localities 
in Bender (1989a) 
Remarks: Study of assemblages of the genus Glomo- 
spira Rzehak from the eastern Atlantic led to the 
distinction of three closely related taxa, Glomo- 
spira charoides forma gordialis (Pl. 3, Fig. 2), G .  
charoides forma charoides (Pl. 3, Fig. 1) and G .  
charoides ssp. 1 (Pl. 3, Fig. 3). 

Ontogenetic and biometric studies show that 
gordialis and charoides tests both possess trocho- 
spiral, chara-like initial stages (Pl. 3, Figs. la-c, 
2a-c). The adult tests differ primarily in the number 
of whorls per spherical test layer. A sensu stricfu 
streptospiral test construction which is considered 
the single most important diagnostic criterion for 
the genus Glomospira (Loeblich & Tappan, 1987) is 
not present in the type species "Glomospira gor- 
dialis". Test dimorphism has not yet been defi- 
nitely demonstrated as all of the gordialis and 
charoides tests studied here have approximately 
equally sized macrospheric proloculi (approx. 30-50 
pm). Varibility studies distinguish two adult 
variant groups, formae gordialis and charoides, 
which are linked by transitional forms. Tests of 
both extreme variants occur together in the same 
sample which suggests that genetic mixing is possi- 
ble. The SEM studies of microstructure did not reveal 
any distinguishing features. The results of this 
study show that a taxonomical separation is not 
possible or only on the subspecies level as done by 
the original authors Jones & Parker (1860). 

The rare third taxon Glomospira charoides ssp. 1 
(Pl. 3, Fig. 3) is difficult to place taxonomically. 
Adult specimens show morphological transitions to 
forma gordialis in which the initial stages are both 
trochospiral but biometrically distinguishable. 
Tests of ssp. 1 differ from those of forma gordialis in 
having a smaller trochospiral initial test with a 
smaller proloculus (Pl. 3, Fig. 3a-c; approx. 25-35 
pm) and more equatorial terminal whorls which 
have a more regular course (Pl. 3, Fig. 3b). Tests of 
both forms occur together in the same sample and all 
comparable microstructures are identical. As such, 
the plate-shaped, Ammodiscus-like ssp. 1 tests 
could be another subspecies of G. charoides s.1. or be 
its microspherical generation form. However, it 
should not be placed in the new genus Usbekistania 
(Loeblich & Tappan, 1987: p. 52) the definition of 
which is solely based on adult test morphology. 
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Glomospira charoides forma gordialis (Jones & 
Parker, 1860) 
Plate 3, Fig. 2 

Trochammina sauamata var. aordialis Tones & Parker, 1860, 
p. 304, Type ggure not giv&. 

Trochammlna ordialis (Jones & Parker). - Carpenter, Parker 
& Jones, 18$ 141 1 11 fi 4 .  

Glomospira orfialis 'fine; %: Parker). - Berggren & 
Karninski, k90 ,  pl. I, fig. 1. 

Material: off Morocco (2675 m, 846 m, 1463 m), off 
Liberia (2002 m), off Ivory Coast (2221 m, 982 m, 698 
m, 913 m), off Nigeria (403 m) 
Remarks: Initial test trochospiral (Pl. 3, Fig. 2a-c, 
see "remarks" for G. charoides forma charoides). 

Glomospira charoides ssp. 1 
Plate 3, Fig. 3 

?Usbekistania sp. "A". - Lena, 1966, 327, 1. 1, fig. l8.? 
Glomospirella sp. - Schrsder et al., l k 8 ,  p &, pl. 4, fig. 15. 

Material: off Dacar (1517 m), off Ivory Coast (2221 
m), off Ghana (3219 m) 
Remarks: Initial test trochospiral (Pl. 3, Fig. 3a-c, 
see "remarks" for G. charoides forma charoides). 

Glomospira gaultina (Berthelin, 1880) 

Ammodiscus gaultinus Berthelin, 1880, p. 19, pl. 1, fig. 3. 

Material: Upper Aptian (North Germany, Braun- 
schweig: 200-203.5 m, Georgsdorf 3, Lutze collection) 
Remarks: Intergranular void is micritized, IOL is 
preserved, OOL not identified. According to 
Loeblich & Tappan (1987, p. 51) this form belongs to 
the genus Glomospirella. 
Relations: Most likely synonymous to G, charoides 
forma gordialis. 

Haplophragmoides canariensis (d'orbigny, 1839) 

Nonionina canariensis d'orbigny, 1839a, p. 128, pl. 2, figs. -- -. 
33, 34. 

Haplophragmoides canariensis (d'orbigny). - Bender, 1989a, 
p. 297, pl. 5, fig. 4, pl. 16, fig. 16. 

Material: off Liberia (99 m), and localities in 
Bender (1989a) 

Hippocrepinella hirudinea Heron-Allen & 
Earland, 1932 
Plate 1, Fig. 13 

Hip acre inella hirudinea Heron-Allen & Earland, 1932, p. 
2t8, p!l, figs. 7-15. 

Material: Greenland Sea (309 m), off Ivory Coast 
(691 m), off Togo (4449 m) 
Remarks: OOL spotty. 

Hormosina distans (Brady, 1881) 
Plate 4, Fig. 7 

Material: off Ghana (4264 m), off Togo (4449 m, 3736 
m) 

Hormosina globulifera Brady, 1879 
Plate 4, Fig. 9, Plate 9, Fig. 2 

Hormosina globulifera Brady, 1879, p. 60, pl. 4, figs. 4,5. 

Material: off Ghana (4264 m), off Togo (4449 m) 

Hormosina guttifera (Brady, 1881) 
Plate 4, Fig. 8 

Lituola (Reo hax) guttifera Brady, 1881, p. 49, Type figure in 
Brady, 1&4, p l  31, figs. 10-15. 

Material: off Ivory Coast (691 m, 2221 m), off Ghana 
(4264 m) 

Hormosina ovicula Brady, 1879 

Hormosina ovicula Brady, 1879, p. 61, pl. 4, fig. 6. 
Reovhanus oviculus (Bradv). - Loeblich & T a ~ ~ a n .  1987. v .  

~ ,, .. . . . 
61, pl. 46, fi . lo .  

Reophar ovicuk (Brady). - Bender, 1989a. p. 296, pl. 7, fig. 1, 
pl. 16, fig. 13. 

Material: see Bender (1989a) 

Hyperammina elongata Brady, 1878 
Plate 2, Fig. 5 

Hyperammina elongata Brady, 1878, p. 433, pl. 20, figs. 2a,b. 

Material: off Guinea (302 m), off W. Orkney Islands 
(904 m), off Ghana (3219 m) 

Hyperammina friabilis Brady, 1884 
Plate 2, Fig. 6, Plate 9, Fig. 1 

Hy erammina friabilis Brady, 1884, p. 258, pl. 23, figs. I!, 2, 
$6, fig. 5 not recognized. 

Material: off Togo (2007 m), off Nigeria (71 m) 
Remarks: Probably no OOL (TEM-studies necces- 
sary). 

Hyperammina laevigata Wright, 1891 

Hy erammina elongata Brady var. laevigata Wright, 1891, p. 
4k6, pl. 20, fi 1 

Hy erammina lkevigah Wright. - Bender, 1989a. p. 295, pl. Uk, fig. 6. 

Material: off Ivory Coast (2221 m), and localities in 
Bender (1989a) 

Hyperammina spiculifera Lacroix, 1928 
Plate 2, Fig. 7 

Hyperammina spiculifera Lacroix, 1928, p. 15, tf. 13 a-d. 

Material: off Morocco (846 m), off W. Orkney 
Islands (904 m) 
Remarks: OOL extremely thin, spotty appearance in 
the juvenile test area, IOL thick. 

Lituola (Reophax) distans Brad 1881, p. 50, Type figure in Jadammina macrescens (Brady, 1870) 
Brady 1884, pl. 31, figs. 18-&. 

Hormosinella dlstans (Brady). - Loeblich & Tappan, 1987, p. Tr~chammina in ata (Montagu) var. macrescens B r a d ~ r  

57, pl. 44, figs. 6-9. 1870, p. 290, p f . 11, fig. 5. 
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(Brady). - Bender & Hemleben, 
5. - Bender, 1989a, p. 301, pl. 3, fig. 

Material: see Bender (1989a) 
Remarks: OOL thick. 

Karreriella bradyi (Cushman, 1911) 
Plate 6, Fig. 11 

Gaudryim bradyi Cushman, 1911, p. 67, tf. 107. 

Material: off Morocco (1063 m, 846 m, 2000 m), off 
Ivory Coast (2221 m), off Ghana (3219 m) 

Karreriella novangliae (Cushman, 1922) 
Plate 6, Fig. 12 

Gaudrvina baccata Schwaaer var. novan~liae Cushman. 
192$a, p. 76, pl. 13, fig. 4." 

" 

Meidamonella novangliae (Cushman). - Loeblich & Tappan, 
p. 171, pl. 190, figs. 10-12. 

Material: off Morocco (3515 m, 4380 m, 982 m), off 
Ghana (3219 m) 

Karrerulina apicularis (Cushman, 1911) 
Plate 6, Fig. 1, Plate 11, Fig. 2 

Gaudryina apicularis Cushman, 1911, p. 70, tf. 110. 

Material: off Ghana (3219 m), off Togo (3736 m) 

Liebusella? goesi Hoglund, 1947 
Plate 6, Fig. 4 

Liebusella goesi Hoglund, 1947, p. 194, pl. 14, figs. 4-8, p. 
189, tfs. 177-179. 

Material: off Ghana (202 m) 
Remarks: Species of the genus Liebusella according 
to Loeblich & Tappan (1987: p. 145): "... interior sub- 
divided by vertical partitions projecting inward 
from the outer wall ...". These partitions could not 
be found in the specimens studied here, therefore a 
,! ., ,, . . 

Loeblichopsis sabulosus (Brady, 1882) 
Plate 4, Fig. 10, Plate 8, Fig. 5 

Reophax sabulosa Brady, 1882, p. 715, Type figure not given. 
- Brady, 1884, pl. 32, figs. 5,6. 

Material: Greenland Sea (736 m, 400 m, 1404 m) 
Remarks: OOL has a spotty appearance in well pre- 
served, stained (=living) individuals, test very 
fragile (partially disintegrating OOL). 

Loeblichopsis? sp. 1 
Plate 4, Fig. 11 

Material: off Ivory Coast (653 m) 
Remarks: Probably no OOL (TEM-studies necces- 
sary). Very fragile, strongly overlapping chambers, 
chamberform unclear, broken chambers show the 
aperture produced on a long tubular neck. Wide 
intergranular spaces. Genus unclear. 

Marsipella cervicornis Hofker, 1972, p. 81-82, pl. 25, figs. 9- 
11, 1 26, figs. 1-4. - Bender, 1989a, p. 295, pl. 5, figs. 7,8, 
p1. f6; fig. 3. 

Material: see Bender (1989a) 
Remarks: IOL unproven, possibly with OOL ( E M -  
studies neccessary; see "remarks" to M. elongata). 

Marsipella elongata Norman, 1878 
Plate 1, Fig. 6 

Marsipella elongata Norman, 1878, p. 281-282, pl. 16, fig. 7, 
Type not recognized. 

Material: off Ghana (4970 m, 4264 m) 
Remarks: Fragile, extremely thin chamber wall, 
possibly with OOL (EM-studies neccessary). Possi- 
bly multichambered (if so distinction from irregu- 
larly built H. distans difficult). In the Brady collec- 
tion: ZF 1815 one M. elongata with two fusiform 
inflated test areas (chambers?) were also found. 

Martinottiella bacillaris (Brady, 1881) 
Plate 6, Figs. 13, 14, 15, Plate 11, Figs. 5, 6 

Reophax bacillaris Brady, 1881, p. 49, Type figure in Brady 
1884, pl. 30, figs. 23 a, b, 24. 

Material: off Mauretania (3314 m), off Ivory Coast 
(3296 m, 2773 m) and BMNH: 1915.4.1.895 (Valarous 
1875, Sta. 9, 1750 fthms., 59.1°N, 50.25"W = topo- or 
quasitopotypes) (pers. comm. Dr. Whittaker) 
Remarks: Calcitic cement and pores present (Pl. 11, 
Figs. 5, 6), reduced trochospiral initial test (Pl. 6, 
Fig. 15a, b). Three studied specimens from the Brady 
collection (BMNH: 1915.4.1.895: P1. 6, Fig. 13 
(microsphere), Fig. 14 (macrosphere), P1. 11, Fig. 5): 
microstructures equivalent to specimens from the 
eastern Atlantic material (Pl. 11, Fig. 6). 

Martinottiella communis (d'orbigny, 1846) 
Plate 6, Fig. 16 

Clavulina communis d'orbigny, 1846, p. 196, pl. 12, figs. 1,2. 

Material: off Morocco (846 m, 683 m), off Ivory Coast 
(691 m) 
Remarks: Not equivalent to Martinottiella sp. 1, 
which shows anastomosing pores 0.5-1 pm in 
diameter. 

Martinottiella sp. 1 

Martinottiella nodulosa (Cushman 1922a). - Bender, 1989a, 
p. 304, pl. 10, fig. 2,pl. 17, fig. 26. 

Material: see Bender (1989a) 
Remarks: Not equivalent to M. communis, which 
shows distally branched pores, 2-4 pm in diameter. 

Miliammina earlandi Loeblich & Tappan, 1955 

Miliammina earlandi Loeblich & Tappan, 1955, p. 12, pl. 1, 
figs. 15, 16. 

Millnmmina arenacea (Chapman). - Bender, 1989a, p. 295, pl. 
5,fig.5,pl. 16,fig.a. 

Marsipella ceruicomis Hofker, 1972 Material: see Bender (1989a) 
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Remarks: On the test surface a layer of finely agglu- 
tinated material with little organic material was 
found, no "typical" OOL. 

Miliammina fusca (Brady, 1870) 
Plate 8, Fig. 3 

Quinqueloculina fusca Brady, 1870, p. 286-287, pl. 11, figs. 
2-3. 

Miliammina fusca (Brady). - Bender & Hemleben, 1988a, . 
14, pl. 1, fi s. 1 5 Bender, 1989a. 296, p l  1, fig. 6, 1.5 
figs. 1-7, pf. 6, ;ig:3, pl. 7, figs. 3, [ 8, pl. 13, fig. 1, pf 16: 
fig. 9. 

Material: see Bender (1989a) 

Miliammina sabulosa Rhumbler, 1936 

Miliammina oblon a Heron Allen & Earland forma sabulosa 
Rhumbler, 193t p 208-209, tfs 175-177. 

Miliammina oblonga var. sabulosa Rhumbler. - Bender & 
Hemleben, 1988a, p. 14, not fi 

Miliammina oblonga sabulosa Rl%%!ier. - Bender, 1989a. p. 
296, pl. 4, fig. 5, pl. 6, fig. 7, pl. 16, fig. 10. 

Material: see Bender (1989a) 

Nouria polymorphinoides Heron-Allen & Earland, 
1914 

Plate 5, Fig. 8 

Nouria polymorphinoides Heron-Allen & Earland, 1914, p. 
376, pl. 37, figs. 1-15. 

Material: off Ivory Coast (691 m), off Ghana (48 m) 
Remarks: IOL very thin, not present everywhere. 

Ovammina?patagoniensis (Lena, 1974) 
Plate 1, Fig. 16 

Ovammina pata oniensis (Lena). - Loeblich & Tappan, 1987, 
p 31, pl.22, kgs. 7-9. 

Material: off Morocco (2675 m) 
Remarks: OOL twice present, as two layers of test 
are formed. Length of the test of this very rare 
species up to 14000 pm. 

Paratrochammina bermudaensis Bender, 1989 

Paratrochammina bermudaensis Bender, 1989a, p. 299, pl. 4, 
fig. 6, 1. 11, fig. 7, pl. 17, fig. 2. 

~aratroc&mmina s p  - Bender & Hemleben, 1988a, p. 14, not 
figured. 

Material: see Bender (1989a) 

Paratrochammina challengeri Bronnimann & 
Whittaker 1988 
Plate 5, Fig. 9 

Paratrochammina (Paratrochammina) challen eri Bronni- 
mann & Whittaker, 1988, p. 43-44, figs. 16~-B( 

pars Haplo hragmium loblgeriniforme (~arker '& Jones). - 
Brady, 1&4, p. 312, f 35, figs. IOa-c, not fig. 11. 

?Ammo lobi erina g 8 b i  erinlformis (Parker & Jones). - 
~ o e b i c h  & Pappan, 1487, p 120, p l  128, figs. 9-10, pl. 
129, figs. 7-11. 

Material: off Ghana (4970 m, 3219 m), off Togo (4449 
m, 3736 m) 
Remarks: Organic nets only in contact with the IOL 
formed. 

Paratrochammina cf. P. clossi Bronnimann, 1979 

cf. Paratrocharnmina clossi Bronnimann, 1979, g.,l2. fir. 4, 
5, .21, figs. 9 A-I, 10 C, F, G. - Bender, 198 a p 29 , pl. 
4, ig .  7, pl. 11, fig. 3, pl. 17, fig. 3. 

Material: see Bender (1989a) 

Paratrochammina simplissima (Cushman & 
McCulloch, 1948) 

Trochammina paczfica Cushman var. simplissima Cushman & 
McCulloch, 1948, 76, Type figure in Cushman & Mc- 
Culloch 1939, pl. 17; fig 4. 

Paratrochammina simplissima (Cushman & McCulloch). - 
Bender, 1989a, p. 300, pl. 17, fig. 4. 

Material: see Bender (1989a) 

Pelosina variabilis Brady, 1879 
Plate 1, Fig. 2 

Pelosina variabilis Brady, 1879, p. 30, pl. 3, figs. 1-3. 

Material: Greenland Sea (1823 m) 

Placopsilina confusa Cushman, 1920 
Plate 6, Fig. 8, Plate 11, Fig. 4 

Placopsilina confusa Cushman, 1920, p. 71, pl. 14, fig. 6. 

Material: off Ghana (48 m) 
Remarks: With calcitic cement and pores (Pl. 11, 
Fig. 4), therefore belonging to the superfamily 
Textulariacea. According to Loeblich & Tappan 
(1987) the genus Placopsilina belongs to the super- 
family Lituolacea, which is characterized by an 
organically-cemented, imperforate wall. 

Polychasmina sp. 1 
Plate 4, Fig. 12 

Material: off Ghana (21 m, 29 m) 
Remarks: Completely uniserial, micro- (proloculus 
100 pm) and macrospheres (proloculus 500 pm, P1.4, 
Fig. 12a) present, aperture slit-like bent (Pl. 4, Fig. 
12b). OOL only in juvenile chambers found. Wall 
composed of one layer of medium-grained particles. 
Possibly correlated with a new genus, as the aper- 
ture is not formed by a row of elongate slits, but 
rather by a single (long) slit. In the studied 
material bifurcating chambers were not observed. 

Portatrochammina muwayi Bronnimann & 
Zaninetti, 1984 

Portatrochammina murrayi Bronnimann & Zaninetti, 1984, 
. 72-74, pl. 5, figs. 7, 12-15. - Bender, 1989a, p. 300, pl. 

77, fig. 5. 

Material: see Bender (1989a) 

Prolixoplecta palustris (Warren, 1957) 

Textularia palustris Warren, 1957, . 34, pl. 4, figs. 3-5. 
"Textulariagg palustris Warren. - fender, 1989a. p. 303, pl. 

17, fig. 20. 

Material: see Bender (1989a) 
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Remarks: Studied tests of the macrospheric genera- 
tion clearly show an overall biserial organisation as 
pointed out by Warren (1957). In the same material 
from New York Bight (Lawrence Bay, Nassau 
County, New York) morphological and microstruc- 
tural identical tests but with triserial to reduced 
trochospiral juvenile apparatus were found. These 
were interpreted as the microspheric generation 
(Bender 1989a: pl. 17, figs. 20a-d) and therefore 
placed in Prolixoplecta Loeblich & Tappan, 1985 
and not in Palustrella Bronnimann, Whittaker & 
Zaninetti, 1989. Prolixoplecta palustris is a near 
isomorph of Textularia (= Spiroplectammina) ele- 
guns, but the latter has, at least in the microspheric 
generation, a planispiral juvenile apparatus 
(Bender 1989a: pl. 16, figs. 24a, b). The organic 
cement microstructures are identical in both species. 

Psammosphaera fusca Schulze, 1875 
Plate 1, Fig. 14 

Psammosphaera fusca Schulze, 1875, p. 113, pl. 2, fig. 8. - 
Bender, 1989a, p. 295, pl. 16, fig. 5. 

Material: off Guinea (302 m), and localities in 
Bender (1989a) 
Remarks: Aperture rounded, not produced on an elon- 
gate neck (Pl. 1, Fig. 14, arrow; distinction to S. 
sphaerica). With and without agglutinated 
spicules. 

Reophax bradyi Bromimann & Whittaker, 1980, . 263-265, 
figs. 13-16. - Bender, 1989a. p. 296, pl. 16, fig. If .  

Material: see Bender (1989a) 

Reophax calcareus (Cushman, 1947) 
Plate 3, Figs. 5, 6 

Proteonina difflu 1 ormis (Brady) var, calcarea Cushman, 
1947, p. 86, pl. fgffig. 16. 

Material: off Liberia (4658 m, 4398 m, 3282 m), off 
Nigeria (2173 m) 
Remarks: IOL and OOL very thin. 

Reophax curtus Cushman, 1920 
Plate 3, Fig. 7 

Reophax curtus Cushman, 1920, p. 8, pl. 2, figs. 2-3. 

Material: off Ivory Coast (691 m), off Ghana (4264 
m) 

Reophax dentalinifomis Brady, 1881 
Plate 3, Fig. 8 

Reophax dentaliniformis Brady, 1881, p. 49, Type figure in 
Brady 1884, pl. 30, figs. 21, 22. 

Nodulina dentaliniformis (Bradv). - Loeblich & Tavvan, , , . . 
1987, p. 58, pl. 44: figs. 10-11. 

Material: off Ghana (4264 m), off Togo (4449 m) 

Reophax cf. R. d i f lug i fomis  Brady, 1884 
Plate 3, Fig. 9 

Pseudoclavulina mexicana (Cushman, 1922) 
Plate 7, Fig. 15, Plate 12, Fig. 3 Reophax diflugiformis Brady. - ars Brady, 1884 pl. 30, fig. 

5 !,not h g ~ .  1-4. - non Brad , f879, p. 51, 1.4, figs. 3a. b. 
Clavulina humilis Brady var. mexicana Cushman, 1922a, p. ?h enammlna d!f iformis ? ~ ~ ~ ~ y )  - 6r Tappan. 

83, pl. 16, figs. 1-3. 1887, p. 31, pl. &,figs. 7.8. 

Material: off Morocco (508 m, 846 m, 683 m, 801 m, Material: off Guinea (302 m), off Ivory Coast (2221 

710 m) m) 
Remarks: In some cases traces of a second chamber 

Pseudonodosinella nodulosa (Brady, 1879) could be detected on the chamber, therefore corre- 
Plate 4, Fig. 6 lated with the genus Reophax. Brady's specimens of 

1879, pl. 4, fig. 3a,b (=ZF 2267) are identical with 
Reo~hax  nodulosa B r a d ~ j  1879, p. 52, pl. 4! fig. 8, fig. 1884, 30, figs. 1, 2, 3a,b. They are not identical recognized. 
Hormosina mortenseni Hofker. - Bender, 1989a, p. 297, 5, with the tests studied here (aperture produced on a 

fig. 3, pl. 7, fig. 2, pl. 16, fig. 15. long tubular neck, brownish, fine-grained). As an 

Material: off Ghana (3219 m), and localities in exception the Specimen in ZF 2269 (= Brady, 1884: 

Bender (1989a) pl. 30, fig. 5) is identical with the type studied 
here, therefore here: "confer". 

Recutvoides contortus Earland, 1934 
Reophax fusifomis (Williamson, 1858) 

Recurvoides contortus Earland, 1934, p. 91, 1 10 fi s 7 19. 
- Bender, 1989a. p. 297, pl. 3, fig. 6, pl. 6, &. 6, bl.$,'fig 7, Plate 4, Fig. 1 
pl. 16, fig. 20. Proteoninafusiformis Williamson, 1858, p. 1, pl. 1, fig. 1. 

off Ivory Coast (691 m), off Togo (3736 m), Material: off Ghana (4970 m, 3219 m), off Togo (4449 
and localities in Bender (1989a) m) 

Reophax bilocularis Flint, 1899 Reophax micaceus Earland, 1934 
Plate 3, Fig. 4, Plate 8, Fig. 4, Plate 10, Fig. 2 Plate 4, Fig. 3 

Reophax bilocularis Flint, 1899, p. 273, pl. 17, fig. 2. Reophax micaceus Earland, p. 82, pl. 2, figs. 37-40. 
Material: off Togo (2739 m) Material: off Liberia (4398 m) 

Remarks: Test morphological transitions to R. cal- 
Reophax bradyi Bromimann & Whittaker, 1980 careus can be found. 
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Reophax moniliformis Siddall, 1886 

Reophax monili orme Siddall, 1886, p. 54, pl. 1, fig. 2. 

16, fig. 12. 
i Reophax moni iformis Siddall. - Bender, 1989a, p. 296, pl. 

Material: see Bender (1989a) 
Remarks: IOL thick. 

Reophax pilulifer Brady, 1884 
Plate 4, Fig. 4 

Reophax pilulifera Brady, 1884, p. 292, pl. 30, fig. 18? 
(collection incomplete). 

Material: off Ivory Coast (982 m) 
Remarks: Cement difficult to study. Very fine- 
grained agglutinated. IOL and OOL not demon- 
strated. Aperture on a slight neck (Pl. 4, Fig. 4). 

Reophax pseudobacillaris Cushman, 1910 

Reophax pseudobacillaris Cushman, 1910a, 438, tfs. 2,3. 
Reophax cf. R.  seudobacillaris Cushrnan - gender, 1989a. p. 

296, p l  16, fYg 14. 

Material: see Bender (1989a) 

Reophax scorpiurus Montfort, 1808 
Plate 4, Fig. 5 

Reophax scor iurus Montfort, 1808, p. 330, figured in 
Soldani 1795: pl. 162, fig. K. 

Material: off W. Orkney Islands (904 m), off Guinea 
(299 m) 
Remarks: Little foam, not found everywhere. IOL 
very thin. 

Reophax subfusiformis Earland, 1933 
Plate 4, Fig. 2 

Reophax subfusiformis Earland, 1933, p. 74, pl. 2, figs. 16- 
19. 

Material: off Ghana (4970 m), off Togo (4449 m) 

Rhabdammina abyssorum M. Sars, 1869 
Plate 1, Figs. 7, 8, 9, Plate 9, Fig. 5 

Rhabdammina abvssorum M. Sars, in Carpenter, 1869, p. 60- 
61, T pe figure not iven Car ente;, 1881; 562: figs. 
32 c - 9  . - Bender, 19t9z1, p: 295.8. f, fig. 2, pl. Pi, fig. 2. 

Rhabdammina discreta Brad , 1 81 p 48, not figured. - 
Brady, 1884, pl. 22, fig. 71-4: 101. 

Material: Greenland Sea (400 m), off Nigeria (98 
m), and localities in Bender (1989a) 
Remarks: Foamy cement was not identifiable within 
the whole test. - In this study two-armed tests were 
also treated as R. abyssorum (1'1. 1, Figs. 8, 9), 
whereas in the Brady collection only three- to five- 
armed tests are treated as R. abyssorum. In BMNH: 
ZF 2299 an original specimen of R. discreta with a 
swollen central cavity and one specimen without 
annular constrictions (a total of four specimens) were 
found, and in ZF 2300 a specimen of R. discreta with 
swollen test area and constrictions (a total of 11 
specimens) was found. Rhabdammina abyssorum 
(=R. discreta) exhibits in comparison with R.  

linearis a relatively large and strong test. Single 
coarse particles are embedded in a fine-grained 
matrix, the chamber is reddish brown. With foam- 
like cement (see "remarks" for R. linearis). 

Rhabdammina linearis Brady, 1879 
Plate 1, Fig. 10 

Rhabdammina linearis Brady, 1879, p. 39, pl. 3, fi s. 10, 11, 
Type figures not recognized. - pars Brad , 18L, pl. 22, 
fi 2,3,5,6, not 6 4, fi . 1 not recognizedl 

0cuEi i  hon linearis (sradyy. - Loeblich k Tappan, 1987, p. 
21, pf 15, fig. 1. 

Material: off Ghana (4264 m), off Togo (4449 m, 3736 
m) 
Remarks: Rhabdammina linearis exhibits in com- 
parison with the two-armed R. abyssorum (=R. 
discreta) a relatively small and fragile test, is 
medium-grained agglutinated with very little fine- 
grained matrix, and is light brown coloured. In the 
eastern Atlantic material with and without swollen 
central cavity. With undifferentiated organic 
cement (see "remarks" for R. abyssorum). 

Rhizammina algaeformis Brady, 1879 
Plate 1, Fig. 11 

Rhizammina algaeformis Brady, 1879, p. 39, pl. 4, figs. 16, 
17. 

Material: off Ivory Coast (2221 m), off Togo (3736 m) 

Rhizammina sp. 1 
Plate 1, Fig. 12 

Material: off Ghana (3219 m), off Togo (1230 m) 
Remarks: With bud-like projections, projections are 
partially hollow, the IOL in this area is perfo- 
rated. With spicules oriented normal to the test sur- 
face. In some areas of the test only undifferentiated 
cement could be found. 

Saccammina sphaerica Brady, 1871 
Plate 1, Fig. 17 

Saccammina sphaerica Sars. - Brady, 1871, 

fig. figs i l . 1 5  not recognized. 
t .  183. - pars Brad 1884 253-254, pl. 18, figs. ll!, 12., 13!, 16!, not 

Material: Fram Strait (175 m), Greenland Sea (400 
m), off W. Orkney Islands (904 m), off W. Ireland 
(576 m) 
Remarks: Aperture produced on an elongate neck (Pl. 
1, Fig. 17; see"remarks" for P. fusca). In specimens 
from the eastern Atlantic material tests sometimes 
built on one another (Pl. 1, Fig. 17), alive only in the 
last chamber. No OOL formed. 

Saccorhiza ramosa (Brady, 1879) 
Plate 2, Fig. 8 

H y  erammina ramosa Brady, 1879, p. 33-34, pl. 3, figs. 14, 
P5. 

Material: off Ghana (1466 m), off Togo (3736 m) 
Remarks: OOL not continuous (because spicules are 
protruding), some areas of the test without spicules. 
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Schizammina arborescens Buchanan, 1960 

Schizarnmina arborescens Buchanan, 1960, p. 271, pl. 1, figs. 
4a-c. 

Material: off Nigeria (40 m) 
Remarks: Some areas of the test with undifferenti- 
ated cement, but networks dominate, especially in 
contact with the IOL. OOL thick. 
Relations: Test morphological identical to S. fur- 
ca ta ,  microstructures also identical, possibly 
synonymous. 

Schizammina furcata Heron-Allen & Earland, 1929 
Plate 10, Fig. 6 

Schizammina furcata Heron-Allen & Earland, 1929, p. 106, 
pl. 2, figs. 9-11, pl. 3, figs. 15,16. 

Material: off Liberia (75 m) 
Remarks: Networks especially in contact with the 
IOL, other areas of the test with undifferentiated 
cement. 
Relations: Microstructures and test morphology 
identical with those in S .  arborescens, dichoto- 
mously branching tubes only within one level, 
possibly synonymous. 

Siphotextularia bermudezi Mikhalevich, 1978 
Plate 7, Fig. 7 

Siphotextularia bermudezi Mikhalevich, 1978, p. 86, fig. 89- 
93. 

Material: off Guinea (302 m), off Liberia (99 m) 
Remarks: Specimens studied are planispiral 
(proloculus: 40 p to 60 wm). 

Siphotextularia caroliniana (Cushman, 1922) 
Plate 7, Figs. 8, 9; Plate 11, Fig. 3 

Textulariaflintii Cushman var. caroliniana Cushman, 1922a, 
p. 13, pl. 2, fig. 4. 

Material: off Guinea (302 m) 
Remarks: Specimens studied are planispiral (PI. 7, 
Fig. 9; proloculus 30 pm). 

Sorosphaera? cf. S. socialis (Brady, 1884) 
Plate 1, Fig. 15 

cf. Saccammina socialis Brady, 1884, p. 225, pl. 18, fig. 19, 
fig. 18 not recognized. 

Material: off Morocco (2675 m) 
Remarks: Several subglobular tests built on one 
another, easily breaking apart (Pl. 1, Fig. 15). Spec- 
imens in Brady collection with white tests, very 
thin-walled, very fine-grained, therefore here: 
"confer". The arrangement of the test is identical 
with the one found here, but the tests of the studied 
specimens are more regularly built, have a shiny 
appearance, and show a terminal aperture produced 
on a tubular neck (Pl. 1, Fig. 15). According to 
Loeblich & Tappan (1987) species of the genus 
Sorosphaera are without definitive apertures, and 
therefore are here marked with "?". 

Spiroplectammina elegans (Lacroix, 1932) 

ars Textularia elegans Lacroix, 1932, 8, tfs. 4, 6, not tf. 5. 
&iroplectammina earlandi (Parker). - %rider k Hernleben, 

1988a, p. 14, not figured. -Bender, 1989a, p. 298, pl. 3, 
fig. 5, pl. 16, fig. 24. 

Material: see Bender (1989a) 

Spiroplectinella floridana (Cushman, 1922) 
Plate 7, Figs. 10-14, Plate 12, Figs. 4, 5 

Textulariafloridana Cushman, 1922b, p. 24, pl. 1, fig. 7. 

Material: off Liberia (99 m), off Ghana (202 m) 
Remarks: Test morphology similar to S. wrighti, al- 
though S.  wrighti is less angular, and without 
marginal keels. Biserial S.  wrighti were not found. 
Spiroplectinella floridana shows transitions from 
tests with extremely keeled chambers to tests with- 
out keels (Pl. 7, Figs. 10, 11 and P1. 7, Fig. 12, 13). 
Microspheres (biserial; P1. 7, Figs. 11, 13) and 
macrospheres (planispiral; P1. 7, Figs. 10, 12, 14) 
were found. Test morphological similar to Textu- 
laria sagittula Defrance, 1824, but T. sagittula is 
exclusively biserial according to Loeblich & Tappan 
(1987). Chamberlets were not definitely identified 
in the studied specimens (further SEM studies nec- 
cessary). The test wall is canaliculate (Pl. 12, Figs. 
4, 5). 
Relations: Test morphological transitions to Spiro- 
plectinella carinata (d'orbigny) were found (1846: 
pl. 14, figs. 32-34; fossil). 

Spiroplectinella wrighti (Silvestri, 1903) 

Spiroplecta wrighti Silvestri, 1903, p. 60, tfs. 1-6. 
Spirorutilis wrlghtii (Silvestri). - Bender, 1989a, p. 298, pl. 

10, fig. 1, pl. 16, fig. 25. 

Material: see Bender (1989a) 
Remarks: Only planispiral tests were found. Not 
identical with Spiroplectinella floridana from the 
eastern Atlantic (see "remarks" there). 

Tetragonostomina rhombiformis Mikhalevich, 1975 
Plate 7, Fig. 2 

Tetragonostornina rhombijormis Mikhalevich, 1975, p. 60, 
figs. 65-73. 

Material: off Ghana (21 m) 

Textularia?agglutinans d'orbigny, 1839 
131ate 7, Fig. 3. Plate 12, Fig. 1 

Textularia ag lutinans d'orbigny, 1839b, p. 144, pl. 1, figs. 
17, 18, 32-l4. 

Material: off Ghana (21 m) 
Relations: Test morphological similar to T. fungi- 
formis, although these exhibit strait unbranched 
pores with 1-2 pm diameter, and tests are smaller. 

Textularia cf. T. aperturalis Cushman, 1911 

cf. Textularia aperturalis Cushrnan, 1911, p. 20, tfs. 34,35. 
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Textularia aperturalis Cushman. - Bender & Hemleben, 
1988a, p. 14, not figured. 

Textularia cf. T.  aperturalis Cushman. - Bender & Hemleben, 
1988b, p. 42, not fi red. - Bender, 1989a, p. 303, pl. 8, fig. 
5, pl. 9, fig. 3, pl. 18igs.  5-7, pl. 14, fig. 5, pl. 17, fig. 15. 

Material: see Bender (1989a) 

Textularia candeiana d'orbigny, 1839 

Textularia candeiana d'Orbi y, 1839b, p. 143, pl. 1, figs. 25- 
27. - Bender, 1992, p. 2 2 r  1. 1, figs. 2-5, pl. 2, figs. 1,4-6, 
PI. 3, figs. 1.4-5, pl. 4, figs 9.4.7. 

Textularta candelana d Orbigny kenyaensis Banner & 
Pereira. - Bender & Hemleben, 1988a, . 14, not figured, 
1988b, D. 42, not figured. - Bender, 1&9a, u. 303, u1. 1, 
figs. 2, ?-lo, pl. 12, fi' s. 1 8, pl 13, figs. 24; 8, pl. 14; figs: 
1-4, pl. 15, figs. 1-5, pf 17.6~. 16. 

Material: off Kenya (10 m), and localities in Bender 
(1989a) 

Textularia conica d'orbigny, 1839 

Textularia conica d'Orbi y, 1839b, p. 143, pl. 1, figs. 19,20. 
- Bender, 1989a. p. 30rp1. 17, fig. B. 

Material: off Seychelles (15 m), and localities in 
Bender (1989a) 
Relations: Test morphological similar to T. pseudo- 
gramen, although these possess a pavement and 
distally branched pores with 2.5-3 pm diameter. 

Textularia cf. T. fungiformis Fornasini, 1887 

cf. Textularia fun iformis Fomasini, 1887, . 304-305, 1 
10, fig. 1. - ~ e n k r ,  1989a, p. 303, pl. 9, fig. [ pl. 17, fig. f8: 

Material: off Seychelles (12 m), and localities in 
Bender (1989a) 

Relations: Test morphological similar to 
T.?agglutinans, although these possess distally 
branched pores with 5-6 pm diameter, tests bigger. 

Textularia kerimbaensis Said, 1949 

Textularia kerimbaensis Said, 1949, 6 1. 1 fi . 8 Ty e 
fi re see Heron-Allen & ~arlan$ldlg, pi 4f, figs. 2% 
2? Bender, 1989a. p. 303, pl. B, fig. 19. 

Material: off Kenya (2,5 m), and localities in 
Bender (1989a) 
Remarks: According to Hottinger, Halicz & Reiss 
(1990, p. 40): Sahulia kerimbaensis. The specimens 
studied here do not show chamberlets, the chamber 
wall exhibits pores, also at marginal keels. 
Relations: Test morphological similar to T. pseudo- 
rugosa, microstructures also identical, possibly 
synonymous 

Textularia pseudogramen Chapman & Parr, 1937 
Plate 7, Fig. 6, Plate 12, Fig. 2 

Textularia pseudogramen Chapman & Parr, 1937, p. 153, 
illustrated in Brady 1884, pl. 43, figs. 9,10, designated as 
Lectotype by Parr, 1950. 

Material: off Canary Islands (2896 m) 

Material: off Ghana (21 m) 
Remarks: In cross-section biserial. The specimens 
studied here do not show chamberlets. 
Relations: Test morphological similar to Textularia 
kerimbaensis,  microstructures also identical, 
possibly synonymous. 

Thuramminafavosa Flint, 1899 
Plate 2, Fig. 1 

Thurammina favosa Flit, 1899, p. 278, pl. 21, fig. 2. 

Material: off Mauretania (2822 m), off Morocco (90 
m), off Liberia (1483 m, 831 m) 

Thurammina?papyracea Cushman, 1913 
Plate 2, Fig. 3 

Thurammina papyracea Cushman, 1913, p. 637, pl. 79, fig. 4. 

Material: off Morocco (2675 m), off Liberia (831 m), 
off Ghana (4970 m) 

Thurammina papillata Brady, 1879 
Plate 2, Fig. 2, Plate 10, Fig. 5 

pars Thurammina papillata Brady, 1879, p. 45, pl. 5, fig. 7, 
not figs. 46,s. 

Material: off Liberia (4398 m, 1483 m), off Ivory 
Coast (2793 m), off Ghana (4264 m), off Togo (3736 

m) 
Remarks: Bundles of strands on the test surface (PI. 
10, Fig. 5), few very short strands between the parti- 
cles, particles deeply embedded in organic material. 

Tolypammina vagans (Brady, 1879) 
Plate 2, Fig. 10 

Hyperammina vagans Brady, 1879, p. 33, pl. 5, fig. 3. 

Material: off Liberia (831 m) 
Remarks: OOL thin, rough test surface. Tolypam- 
mina vagans agglutinates medium-grained particles 
in comparison to A. clavata and juvenile G. gordialis 
forma gordialis. 

Tritaxis fusca (Williamson, 1858) 
Plate 5, Fig. 10 

Rotalinafusca IVilliamson, 1858, p. 55, pl. 5, figs. 114-115. 

Material: off W. Orkney Islands (904 m) 

Tritaxis sp. 1 

Tritaxis sp. - Bender, 1989a, p. 301, pl. 17, fig. 9. 

Material: see Bender (1989a) 

Trochammina inflata (Montagu, 1808) 

81, pl. 18, fig. 3. 
- Bender L Hemleben, 
fig. 1. - Bender, 1989a, p. 

Textularia pseudomgosa Lacroix, 1931 Material: see Bender (1989a) 
Plate 7, Figs. 4, 5 

Textularia pseudorugosa Lacroix, 1931, p. 11, tf. 3. Trochamminopsis irregularis Bender, 1989 
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Trochamminopsis irregularis Bender, 1989a, p. 300, pl. 17, 
fig. 6. 

Material: see Bender (1989a) 

Trochamminopsis mombasaensis Bender, 1989 

Trochammino sis mombasaensis Bender, 1989a, p. 300, {I.. 1, 
fig~.4,5,~~3,fig.~,p~.4,figs.~,4,pi.~~,fig.2,pl.~ f~g. 
8. 

~rochammino~sis sp. - Bender & Hemleben, 1988a, p. 14, pl. 
2, figs. 2-4. 

Material: see Bender (1989a) 

Quinqueloculina agglutinans dlOrbigny, 1839a, p. 195, pl. 
12, figs. 11-13. 

Material: off Liberia (99 m) 

Quinqueloculina berthelotiana d'orbigny, 1839 
Plate 7, Fig. 17, Plate 12, Fig. 6 

Quinqueloculina berthelotiana d'orbigny, 1839b, 
3, hgs. 25-27. - Haake, 1971. p. 188, pl. 1, figs. 18'1:42' 

Material: Persian Gulf (32 m), off Ghana (48 m) 
Remarks: Haake (1971) described for Q. berthelo- 
tiana a type of biomineralizate, which is clearly 

Valvulina oviedoiana d80rbigny, 1839 distinguishable from that of other miliolid species, 
"an arrangement resembling cobbles in a pavement". 

Valvulina oviedoiana d'orbigny, 1839b, p. 103, 1. 2, figs. 21, 
22. - Bender & Hemleben, 1988a, p. 14, pf2, fi s 6 8, The present (e.g. On 'pecimens of the Haake 
1988b. . 42, pl. 1, figs. 1-7. - Bender, 1989a, 30f ' : study) showed a "cobble pattern", which is similar 
fig. 3,J. 8, figs. 1-4, 6, 1. 9, figs. 1,2, 1 10, kg. 3,69'1:: to the textulariid biomineralizate. It was only 
fig. 1, pl. 14, fig. 7, pl. l l f igs .  6-8, pl. lffig. 21. found in postmortem altered tests, in plasma-filled 

Material: see Bender (1989a) tests a typical miliolid biomineralizate was identi- 
fied (~1.- 12, Fig. 6). In well preserved specimens 

Veleroninoides jeffreysii (Williamson, 1858) coarse-grainedparticles were found in the distal . ~~ . 

Nonionina jefirysii Williamson, 1858, p. 34, pl. 3, figs 72, in tests particles are 
73. from the surface, resulting in a rugose character of 

Cribrostomoides je eysii (Williamson). - Bender, 1989a, p. the test surface. 
297, pl. 16, fig. IT 

Material: off Liberia (99 m), and localities in Sigmoilopsis schlumbergeri (Silvestri, 1904) 
Bender (1989a) Plate 7, Fig. 18, Plate 12, Fig. 7 

Sigmoilina schlumbergeri Silvestri, 1904, p. 267, 269, Type 
AGGLUTINATED MILIOLID TAXA: figure in Schlumberger, 1887, pl. 7, figs. 12-14, p. 481, tf. 6, 

Quinqueloculina?agglutinans dlOrbigny, 1839 p. 482, tf. 7. 

Plate 7, Fig. 16 Material: off Morocco (3088 m), off W. Orkney 
Islands (904 m), off Liberia (831 m) 

Plate 1. 

Astrorhiza arenaria, off Ghana (623 m). lox. 
Pelosina variabilis, Greenland Sea (1823 m). 30x. 
Bathysiphon capillare, off Nigeria (993 m). 25x. 
Bathysiphon hystrix, off Togo (2007 m). lox. 
Bathysiphon rufus, off Morocco (846 m). lox. 
Marsipella elongata, off Ghana (4264 m). 30x. 
Rhabdammina abyssorum, off Nigeria (98 m). 8x. 
Same species, Greenland Sea (400.m). Also two-armed tests were treated as R. abyssorum. Annular 
constrictions (Fig. 9) and swollen central cavity (Fig. 8) are within the variability of this species. 
Large, firm test with coarse particles in fine-grained matrix. 8x. 
Rhabdammina linearis, off Togo (3736 m). Small, fragile test with medium-grained particles. 30x. 
Rhizammina algaeformis, off Togo (3736 m). 20x. 
Rhizammina sp. 1, off Togo (1230 m). 15x. 
Hippocrepinella hirudinea, off Ivory Coast (691 m). 80x. 
Psammosphera fusca, off Guinea (302 m). With rounded aperture, without neck (arrow). 80x. 
Sorosphera? cf. S. socialis, off Morocco (2675 m). Tests originally built on one another (see concave test 
wall). With terminal aperture produced on a neck. 100x. 
Ovammina? patagoniensis, off Morocco (2675 m). 30x. 
Saccammina spherica, Greenland Sea (400 m). Two single-chambered tests built on one another. 
Aperture produced on a neck (arrow). lox. 
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Plate 2. 

Thurammina favosa, off Morocco (90 m). 50x. 

Thurammina papillata, off Togo (3736 m). 50x. 

Thurammina? papyracea, off Ghana (4970 m). 80x. 3b. Same specimen, apertural detail. 500x. 

Crithionina hispida, off Ghana (3219 m). 25x. 

Hyperammina elongata, off W.Orkney Islands (904 m). 40x. 

Hyperammina friabilis, off Nigeria (71 m). 14x. 

Hyperammina spiculifera, off Morocco (846 m). 14x. 

Saccorhiza ramosa, off Togo (3736 m). 20x. 

Ammolagena clavata, off Nigeria (247 m). Three ovoid swollen parts of the test are built in sequence 

(arrows), connected with one long and one short tube. Specimen with two terminal, rounded apertures. 

25x. 9b. Same specimen, enlarged part of the test. 40x. 

Tolypammina vagans, off Liberia (831 m). 14x. 

Ammodiscus catinus, topotypes, Gullmar Fjord (100 m). Hoglund station "G 59". Cup-shaped tests (11) 

show transitional stages towards flat tests (12) within the same sample. Initial as well as terminal 

whorls may be irregularly built (12). 120x. 

Ammodiscus cf. A.  flavidus, off Ivory Coast (913 m). 70x. 

Ammodiscus?planorbis, off Morocco (2383 m). 70x. 

Ammodiscus tenuis, off Ivory Coast (982 m). 35x. 

Ammodiscus cretaceus, North Germany (Upper Aptian). 70x. 
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Plate 3. 

la .  Glomospira charoides forma charoides, off Morocco (846 m). Specimen with two terminal whorls 

located side by side on the large spherical test. 100x. lb .  Same specimen, fractured test. 100x. lc.  

Same specimen, enlargement of the trochospiral initial test. 325x. 

Glomospira charoides forma gordialis, off Nigeria (403 m). Several superimposed terminal whorls 

enclose the spherical test, 130x. 2b. Same specimen, fractured test. 130x. 2c. Same specimen, 

enlargement of the trochospiral initial test. 650x. 

Glomospira charoides ssp. 1, off Ghana (3219 m). Specimen with small trochospiral initial test 

followed by four regularly constructed superimposed terminal whorls. 130x. 3b. Same specimen, 

fractured test. 130x. 3c. Same specimen, enlargement of the trochospiral initial test. 650x. 

Reophax bilocularis, off Togo (2739 m). 35x. 

Reophax calcareus, off Liberia (4398 m). 35x. 

Reophax calcareus, off Nigeria (2173 m). 16x. 

Reophax curtus, off Ivory Coast (691 m). 25x. 

Reophax dentaliniformis, off Togo (4449 m). 30x. 

Reophax cf. R. diflugiformis, off Ivory Coast (2221 m). 50x. 
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Plate 4. 

Reophax fusiformis, off Ghana (3219 m). 45x. 

Reophax subfusiformis, off Ghana (4970 m). 35x. 

Reophax micaceus, off Liberia (4398 m). 35x. 

Reophax pilulifer, off Ivory Coast (982 m). lox. 

Reophax scorpiurus, off W .  Orkney Islands (904 m). 35x. 

Pseudonodosinella nodulosa, off Ghana (3219 m). 14x. 

Hormosina distans, off Togo (3736 m). 14x. 

Hormosina guttifera, off Ivory Coast (2221 m). 60x. 

Hormosina globulifera, off Ghana (4264 m). 25x. 

Loeblichopsis sabulosus, Greenland Sea (400 m). lox. 

Loeblichopsis sp. 1, off Ivory Coast (653 m). 20x. 

Polychasmina sp. 1, off Ghana (21 m). Macrospheric specimen, 20x. 12b. Polychasmina sp. 1, other 

macrospheric specimen, same sample. Apertural slit, one layered, medium-grained chamber wall. 

70x. 

Buzasina ringens, off Ghana (4264 m). 70x. 

Ammoscalaria foliacea, off Togo (4449 m). 35x. 

Ammoscalaria pseudospiralis, off Dacar (51 m). 50x. 

Ammoscalaria tennuimargo, off W .  Orkney Islands (904 m). 35x. 

Discammina compressa, off Ivory Coast (691 m). 35x. 17b. Discammina compressa, other specimen, 

same sample. Enlargement of fractured chamber wall. The inner test exhibits alveoles in young 

chambers. 80x. 

Ammobaculites filiformis, off Canary Islands (2896 m). 140x. 

Adercotryma glomeratum, off Togo (4449 m). 140x. 

Ammospheroidina spheroidiniformis, off Dacar (1517 m). 120x. 
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Plate 5. 

Cribrostomoides scitulus, off Dacar (1517 m). 50x. 

Cribrostomoides subglobosus forma subglobosus, off Ivory Coast (691 m). 35x. 

Cribrostomoides triangularis, off Ghana (202 m). 80x. 

Cribrostomoides? subturbinatus, off Togo (3736 m). 30x. 4b. Cribrostomoides? subturbinatus, other 

specimen, same sample. 50x. 

Alveophragmium orbiculatum, off Liberia (99 m) 45x. 5b. Alveophragmium orbiculatum, other 

specimen, same sample. 45x. 5c. Alveophragmium orbiculatum, other specimen, same sample. 

Fractured test showing alveoles. 45x. 5d. Alveophragmium orbiculatum, off Guinea (299 m). Detail 

of alveolar test structure lined with the IOL. 400x. 

Cyclammina cancellata, off Togo (87 m). lox. 

Cyclammina sp. 1, off Liberia (99 m). 30x. 

Nouria polymorphina, off Ghana (48 m). 60x. 

Paratrochammina challengeri, off Togo (3736 m). 70x. 9b. Paratrochammina challengeri, other 

specimen, same sample.70~. 

Tritaxis fusca, off W .  Orkney Islands (904 m). 60x. lob. Tritaxis fusca, other specimen, same sample. 

60x. 

Deuterammina mourai, off Ghana (21 m). 180x. l l b .  Deuterammina mourai, same specimen. 180x. 
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Plate 6. 

Karrerulina apicularis, off Ghana (3219 m). 40x. 

Eggerelloides arcticus, off Ivory Coast (691 m). 40x. 

Globotextularia propinqua, off Liberia (3282 m). 26x. 

Liebusella? goesi, off Ghana (202 m). 30x. 

"Dorothia" aspera, syntype, Porcupine 1869 (584 fthms.). Specimen of the Brady collection (BMNH: 

Porcupine 1869, Sta. 41). Interiomarginal apertural face. 50x. 5b. "Dorothia" aspera, same specimen. 

Detail of organically-cemented, trochospiral initial test. 80x. 

"Dorothia" scabra, off Nigeria (495 m). Interiomarginal apertural face. 30x. 

"Dorothia" scabra, syntype, off Culebra Island, West Indies (390 fthms.). Specimen of the Brady 

collection (BMNH: ZF 1458). 30x. 7b. "Dorothia" scabra, same specimen. Detail of organically- 

cemented (see P1. 10, Fig. 3), trochospiral initial test. 60x. 

Placopsilina confusa, off Ghana (48 m). 26x. 

Connemarella sp. 1, off Canary Islands (2869 m). 60x. 

Eggerella bradyi, off Ivory Coast (2221 m). 120x. 

Karreriella bradyi, off Morocco (1063 m). 60x. 

Karreriella novangliae, off Morocco (982 m). 30x. 

Martinotiella bacillaris, topo- or quasitopotype, specimen of the Brady collection (BMNH: 

Valarous 1875, Sta. 9, 1750 fthms.). Macrosphere. 16x. 

Martinotiella bacillaris, other specimen, same sample. Microsphere. 20x. 

Martinotiella bacillaris, off Mauretania (3314 m). Fractured specimen, showing reduced trochospiral 

coil and elongate final uniserial stage. Terminal aperture produced on tubular neck. 40x. 15b. 

Martinotiella bacillaris, same specimen. Detail of trochospiral initial test. Test wall calcitic- 

cemented and finely canaliculate (see P1. 11, Figs. 5,6). 180x. 

Martinotiella communis, off Ivory Coast (691 m). 30x. 



Test structure and classification in agglutinated foraminifera 63 



Heike Bender 

Plate 7. 

Bigenerina nodosaria, off Morocco (1063 m). 35x. 

Tetragonostomina rhombiformis, off Ghana (21 m). 60x. 

Textularia?agglutinans, off Ghana (21 m). 35x. 

Textularia pseudorugosa, off Ghana (21 m). 45x. 

Textularia pseudorugosa, other specimen, same sample. The fractured test exhibits biserial chamber 

arrangement and canaliculate wall structure. 45x. 

Textularia pseudogramen, off Canary Islands (2896 m). BOX. 

Siphotextularia bermudezi, off Guinea (302 m). 60x. 

Siphotextularia caroliniana, off Guinea (302 m). 45x. 

Siphotextularia caroliniana, other specimen, same sample. Fractured test with planispiral initial 

test. Test wall canaliculate (see PI. 11, Fig. 3). BOX. 

Spiroplectinella floridana, off Liberia (99 m). Transitions from extremely keeled forms to forms 

without marginal keel in both planispiral (macrospheric, Figs. 10, 12) and biserial (microspheric, 

Figs. 11, 13) tests were found in one sample. All tests with canaliculate wall (see P1. 12, Figs. 4, 5). 

Fig. 10: 55x, Fig. l la:  40x, Fig. I lb:  175x, Fig. 12: 35x, Fig. 13: 40x. 

Spiroplectinella floridana, other specimen, same sample. Detail of fractured planispiral initial 

coil. 160x. 

Pseudoclavulina mexicana, off Morocco (846 m). 20x. 

Quinqueloculina?agglutinans, off Liberia (99 m). Agglutinated miliolid species. 35x. 

Quinqueloculina berthelotiana, Persian Gulf (32 m). Agglutinated miliolid species. BOX. 

Sigmoilopsis schlumbergeri, off Morocco (3088 m). Agglutinated miliolid species. 40x. 
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Plate 8. Tests of all spccirnens fractured, showing organic inner (IOL) and / or outer test layers (OOL), 1. 
Asfrorhizn nrennrin ,  off Ghana (632 m). Ccntral inflated test region with thin IOL. An 0 0 L  is not 
developed. 50x.  2. Criihioninn Irispida, off Ghana (3219 m). Only the test interior exhibits a thin IOL. 
6 5 0 0 ~ .  3. MiliamminaJttscn, off North Germany (0.5 m). The chamber is coated with an IOL, As an exception 
to mu! tichambered species, M. firscn exhibits no OOL. 2200~ .  4. Rrophnx hilocrrlaris, off Togo (2739 m). With 
thin IOL and OOL (arrows). 800x. 5. Lwblichopsis snbz~lostis, Greenland Sea (400 m). Pyriform chamber 
with 10L. On the very fragile test the  OOL is partially peeled off, resulting in a spotty appearance. 45x. 6.  
Dismmmina comprpssn, off Ivory Coast (691 m). With IOL and UOZ. 1400~. 
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Plate 9. Tests of all specimens fractured, showing organic cement rnorphotypes. 1. Hyperamm ina Jrinbilis, 
off Togo (2007 rn). Undifferentiated organic cement connects particIes at the point of contact. 3 1 2 5 ~ .  2. 
Hnrmnsinn gloh~rlifrm, off Ghana (4264 m). Undifferentiated cement. 5000~ .  3. Bathysiplton cnpillnre, off 
Nigeria (993 m). Foam-Iike organic cement is restricted to specific areas of test wall. 6250~.  4. Bathysiphort 
Irustrix, off Togo (2007 m). Foam-like cement. 6250~ .  5. Rhabdurnminn nltbysorrrm, Greenland Sea (400 m). 
Foam-like cement. 3125~. 6. Cviiltioniria pistlnr, Greenland Sea (1093 m). On particle surface marks are left 
by broken-off walls of delicate foam bubbles (arrows). 5250~. 
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Plate 10. Tests of all specimens fractured, showing organic cement rnorphoty pes (co~~tinued). 1. Crithioninn 
hispidn, Greenland Sea (1298 m). Foam-like cement. 5250x. 2. Reophnx bilocirlnris, off Togo (2739 m). Foam- 
like cement. 6 5 0 0 ~ .  3. "Doroihin" scnbm, off Guinea (701 m). Foam-like cement and 0 0 L .  1 5 5 0 ~ .  4.  
Cyclammr'na cancellfl!~, off Togo (87 m). Organic strand bundles connect particles. 6250%. 5. Thu ramrninn 
papillaft?, oft Ghana (4264 m). Outer test surface with bundled strands. 6250x. 6. Schizamrninn fiircata, off 
Liberia (75 m). A network of strands is developed within intergranular space. 10000~.  
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Plate 11, Tests of a l l  specimens fractured, showing organic cement morphotypes (continued) and calcitic- 
cemented walls with diffcrcnt pore typcs. 1. Arnmoscdnrra ps~rrdospiralis, off Dacar (51 m). Close-meshed 
fibrous network, 6500~. 2. Knrrerrrlrnn npicnlnrrs, off Ghana (3219 m). 7000~. Organic network of strands. 3. 
Siphotext tdlnrin cnro l in i f l~~a ,  off Guinea (302 m). Straight unbranched pore canals. 3250~. 4. Placopsilinn 
confusn, off Ghana (48 m). Distally branched pore canals. 625x. 5. Martinotielln bncillnris, off Mauretania 
(3324 m). Calcitic-cemenked wall, distallv branched pores. 650x.  6. Martittotiella tlncillaris, topo- or 
quasitopotype, spwirnen of the Bradv collection (IJMNH: Valarous 1875, Sta. 9, 1750 fthms.). Calcitic- 
cemented walls and distally branched pores were also found in the original Brady specimen. 375x. 
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Plate 12. Tests of all specimens fractured, showing pore types (continued) of calcitic-cemented walls (except 
Figs. 6, 7). 1. TexfuInrin?agglutinans, off Ghana (21 m). Distinct distally branched pores. 1500~.  2.  
Textlrlnrin psettdogramen, off Canary Idands (2896 m). Distally branched pores. 1200x. 3. Pserrdoclavttlinn 
tnexicana, off Morocco (683 m). Finely, distally branched pore canals. 190x. 4. Spiroplectinell~ florirlnnn, 
off Liberia (99 m). Biserial (microspheric), keeled specimen. Anastornosing pore system. 750x. 5 .  
Spiroplectirlelln Poridnnn, other specimen, same sample. Planispiral (macrospheric), keeled specimen. 
Finely anastornosing pore system within calcitic-cemented wall. 3250x. 6. Qt~inqtreloc~rlinn berthelotinnn, 
Persian Gulf (32 m). Outer test surface, showing typical miliolid biomineralized rhornbohedrons and needles. 
1 0 0 0 0 ~ .  7. Sigmoilopsis schlumbergeri, off Liberia (831 m), fractured test. Within intergranular space 
rniliolid needles are developed. 10000~. 




