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ABSTRACT 
We studied the distribution of living and dead benthic foraminifera in box-core samples along a 
transect from the abyssal oligotrophic gyre of the Sargasso Sea to the Gulf Stream and towards 
the continental rise in the Baltimore Canyon region. Four different faunal assemblages are 
distinguished. Assemblages from abyssal oligotrophic sites (Sargasso Sea Stations 004, 007) are 
characterised by small infaunal agglutinated species and small delicate unilocular forms such as 
Rhizammina algaefarmis and komokiaceans. Benthic assemblages of the continental rise directly 
beneath the Gulf Stream (Station 020) have higher standing stocks and are dominated large 
unilocular astrorhizaceans. Slope assemblages (Stations 021, 025, 027) are characterised by high 
numbers of Uvigerina peregrina, which is generally regarded as an indicator of enhanced organic 
matter flux to the sea-floor. 

Abyssal benthic foraminiferal assemblages underneath the zone of cold core rings south of the 
Gulf Stream (Station 016) differ from abyssal assemblages of the oligotrophic gyre of the Sargasso 
Sea and from the Baltimore Canyon continental rise in the following features. (1) The live infauna 
consists mainly of small, smooth-walled infaunal agglutinated morphotypes. Its taxonomic 
composition is almost identical to the infauna from stations from the oligotrophic waters of the 
Sargasso Sea. However, the number of living individuals is about 2 to 3 times higher than in 
abyssal samples from the Sargasso Sea. (2) Large unilocular astrorhizaceans, which form a major 
component of the faunal assemblages directly under the Western Boundary Undercurrent, are rare 
or absent in the zone of cold core rings. (3) Attached agglutinated foraminifera are a characteristic 
component (10-20% of the total surface population) in the zone of cold core rings. We speculate, 
that these peculiar features (a higher standing stock of benthic foraminifera than in other 
abyssal regions of the Northwest Atlantic and a different assemblage composition in comparison 
to the "oceanic desert" of the Sargasso Sea) are related to two special environmental conditions 
beneath the Gulf Stream and the zone of cold core rings: (1) the influence of bottom currents, which 
may be adverse for delicate epifaunal species; (2) for abyssal environments an unusually high and 
steady supply of nutrients and phytodetritus provided by deep currents. 

The number of agglutinated foraminifera drastically decreases in the uppermost 20 cm, and in 
general, very rare or no agglutinated species are found further downcore. The increasing 
fragmentation downcore and subsequent loss of first the fragile thin-walled specimens and later 
the well-cemented thick-walled taxa indicate that this decrease in species abundance is mainly 
caused by taphonomic processes such as bacterial decay of organic cements. From changing relative 
abundances of different agglutinated foraminiferal species within the upper part of the sediment 
column we conclude, that the preservation potential of deep water agglutinated foraminifera is a 
function of both wall structures (intrisic susceptibility to fragmentation or decay) and habitat 
preference. 

INTRODUCTION 
The abundance and community structure of deep 
water agglutinated foraminifera are strongly 
affected by the organic flux (Gooday, 1988; Gooday 
& Lambshead, 1989; Altenbach & Sarnthein, 1989; 
Altenbach, 1992). A direct relation of several groups 
of agglutinated foraminifera to surface production 
has been demonstrated by Gooday (1988), Thiel et 
al. (1989), Gooday & Lambshead (1989), Gooday & 

Turley (1990), Loubere (1991), and Gooday (1994). 
Epifaunal, phytodetritus-feeding abyssal aggluti
nated foraminifera, in particular, seem to be sensi
tive to seasonal changes in surface productivity and 
to pulsed inputs of phytodetritus flux to the seafloor 
(Gooday, 1990b). Several of these forms may have 
potential to monitor seasonality and palaeoseason
ality in oceanic systems. 
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Figure 1. Surface kinetic energy (cm2 s-2) of the Gulf Stream system on a 2' grid based on drogued-drifter data (after Schmitz 
el al., 1987), Western Boundary Undercurrent, and location of HUO-89038 stations. 

A first attempt to define the characteristics of 
abyssal agglutinated foraminiferal assemblages 
underneath oceanic oligotrophic gyres was under
taken by Schroder (1986), Schroder et al. (1989) and 
Gooday (1990a, 1994). Schroder et al. (1988) 
described abyssal agglutinated foraminiferal 
assemblages from the central Sargasso Sea and com
pared them to assemblages berneath the olig
otrophic gyres of the central North Pacific Ocean. 

Deep currents and resulting substrate disturbance 
have recently been demonstrated as an important 
controlling factors on deep-water benthic foramini
feral distribution (Kaminski, 1985; Kaminski & 
Schroder, 1987; Kaminski et al., 1988). Studies of 
Recent foraminiferal assemblages in current 
influenced deep-water environments may be a key 
for the interpretation of late Mesozoic and 
Paleogene assemblages of "flysch" environments 
since the flysch basins of the Western Mediter
ranean, Alpine and Carpathian orogenic belts are 
generally considered as narrow but deep trenches 
with strongly influenced by turbidity and contour 
currents. 

In this paper we examine abyssal benthic 
foraminiferal communities in relation to the distinct 
oceanographic conditions beneath the Gulf stream 
system in the western North Atlantic. The transect 
chosen allows comparison of abyssal benthic 
foraminiferal assemblages beneath four different 
water masses: (1) the oligotrophic water masses of 

the central Sargasso Sea; (2) water masses influ
enced by cold core eddies in the northern Sargasso 
Sea; (3) Gulf Stream water masses; (4) cold slope 
water masses north of the Gulf Stream. One of the 
objectives of our study is to recognise faunal patterns 
in abyssal agglutinated foraminifera, which could 
serve to monitor the influence of water mass bound
aries and major current systems in past oceans. A 
second objective is to determine infaunal and epi
faunal species and, in turn, to decide how represen
tative the surface 1 cm is for Recent deep water 
faunal assemblages. This paper builds on the ealier 
work of Kuhnt & Collins (1995). 

MATERIAL AND METHODS 
Surficial sediment samples and replicate push-cores 
from seven box-cores were sampled in February and 
March 1990 (C.S.s. Hudson cruise 89038) at a time of 
low phytoplankton flux to the sea-floor (Table I). 
The abyssal sites include sediment traps at the 
flanks of abyssal hills at the Bermuda Rise in the 
Sargasso Sea (Stations 004 and 007 at 4418 m and 
4437 m water depth), one site in the zone of cold core 
rings at the southern margin of the Gulf Stream 
(Station 016 at 4654 m water depth) and one site in a 
zone of strong abyssal currents at the continental rise 
beneath the Gulf Stream (Station 020 at 3098 m 
water depth). The continental slope sites of the 
Baltimore Canyon area (Stations 021, 025, and 027 
at 1614 m, 1256 m and 2330 m water depth) have a 
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Table 1. Location of HUD-89038 boxcore stations 

Station Latitude Longitude Depth Remarks 

BC 004 33° 41.6' N 57° 36.7' W 4418m Sargasso Sea, GPC-5 Site 
BC 007 33° 41.2' N 57° 38.3' W 4437m Sargasso Sea, 

high sedimentation rates 
BC 016 36° 00.40' N 66° 05.40' W 4654m beneath cold core rings 
BC 020 37° 31.23' N 72° 00.97' W 3098m Gulf Stream area 
BC 021 38° 24.24' N 73° 14.26' W 1614m Baltimore Canyon 
BC 025 38° 51.56' N 72° 42.65' W 1256m Baltimore Canyon 
BC027 38° 44.58' N 72° 29.67' W 2330m Baltimore Canyon 

higher terrigenous influx, and the dark greenish 
gray colour of the sediment indicates depleted 
oxygen-conditions. The oceanographic setting of the 
area and the locations of HUD-89038 stations is 
shown in Figure 1. Schematic lithological descrip
tions of the box-cores is given in Figure 2. 

Station 016 is situated at the southern margin of 
the Gulf Stream system about 1000 km east of Cape 
Hatteras. This area lies within the zone of cold core 
rings in the southern part of the Gulf Stream system 
between 60° and 70° W, close to the area of preferred 
formation of cold core rings at 65° W (Schmitz et a/., 
1987). Cold core rings have a diameter of more than 
200 km and a large raised dome in their thermal, 
salinity, and density fields, extending down near 
the sea floor. Their movement is characterised by a 
mean speed of 5 cm/ sec for westward moving, iso
lated rings and 25-75 cm/sec for eastward moving 
rings, which are attached to the Gulf Stream 
(Schmitz et a/., 1987). Surface speeds within the 
cyclonic current around the cold slope water core can 
reach 150 cm/sec, and, at least at the time of their 
formation, these rings appear to extend to the sea 
floor (Ring Group, 1981). Consequently deep-sea 
areas underneath these rings may be occasionally 
influenced by low velocity bottom currents, which 
may be enriched in phytodetritus originating from 
the slope water core. The ring cores have the 
trophic characteristics of slope water; they are 
enriched in phytoplankton, planktonic foraminifera 
and nutrients (Ring Group, 1981). The rings occupy 10 
to 15 percent of the surface area of the northern 
Sargasso Sea at any given time. Rings transport both 
nutrients and biota from near the coast of North 
America into the Sargasso Sea, and the nutrients 
and transported plankton considerably increase the 
otherwise limited primary productivity of this 
area (Ring Group, 1981). This area is thus of special 
interest for our study since the influence of cold core 
rings undoubtedly increased the phytoplankton flux 
to the seafloor and thus increased the supply of food 
particles for detritus and suspension feeding benthic 
foraminifera. Additionally in areas of high eddy 
kinetic energy resuspension processes play an 
important role in organic particle fluxes and may 
lead to a less pronounced seasonality of food 

particle supply to benthic communities (Gardner & 
Richardson, 1992). 

Station BC-020 is situated at 3098 m directly 
underneath the main path of the Gulf Stream not 
far east of its crossover with the Western Boundary 
Undercurrent (WBUC). In this area, east of Cape 
Hatteras, the water depth below the Gulf Stream 
reaches more than 4000 m. A number of observers 
have indicated that even at these water-depths 
the influence of the Gulf Stream extends to the 
bottom (Fuglister, 1963; Warren & Volkmann, 1968; 
Knauss, 1969; Schmitz et a/., 1970, 1987). 
Measurements of deep current velocities of the Gulf 
Stream have been carried out at abyssal depths 
directly east of Cape Hatteras (Richardson & 
Knauss, 1971; Richardson, 1977; Watts & Johns, 
1982). These measurements indicate that at times 
the Gulf Stream extends to the seafloor and splits 
the WBUC. Current measurements at water depths 
of 2575 m recorded instantaneous velocities of up to 
47 cm/sec and mean velocities of 10.8 cm/sec over 
several weeks (Richardson, 1977). 

Foraminiferal samples were taken from the 
uppermost centimeter of the sediment surface using a 
81 cm2 square grid with 36 squares of 2.25 cm2 each. 
Additionally the upper 20 cm of pushcores with a 7 
cm diameter were subsampled in 1 cm slices. All 
samples were immediately fixed in a formal
dehyde/sea-water solution buffered with borax and 
stained with Rose Bengal (Walton, 1952). The 
pushcore samples were split in eight parts using a 
wet-splitter as described in Scott & Hermelin 
(1993). One or two splits for each sample were ini
tially examined in liquid to identify living indi
viduals (Lutze & Altenbach, 1991), then dried, 
picked and counted quantitatively. For each sub
sample we counted all living benthic foraminifera 
and the living and dead agglutinated forms in the 
fraction> 63 /lm. All individuals were mounted in 
Plummer slides for documentation. 

RESULTS 
General faunal trends 
Calcareous benthic foraminifera are significantly 
more abundant underneath the Gulf Stream than in 
oligotrophic sites of the same water depth in the 
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Figure 2. Box cores sampled on C.S.S. Hudson Cruise 89038 along the Sargasso Sea - Baltimore Canyon transect. Black 
shading indicates oxygen-depleted pore and interstitial waters. 

Sargasso Sea (20% of the total benthic population, 
compared to only about 2-5%). The distribution of 
selected calcareous benthic foraminifera in surface 
samples from abyssal and deep bathyal stations is 
shown in Figure 3. The specific diversity of calcare
ous benthic foraminifera remains low at Station 016. 
The following species represent more than 98% of 
the calcareous benthic forms in surface samples from 
box-core 89038-016: 

Cassidulina subglobosa Brady, 1881 
Cibicidoides robertson ian us (Brady, 1881) 
Cibicidoides wuellerstorfi (Schwager, 1866) 
Epistominella exigua (Brady, 1884) 
Eponides tumidulus (Brady, 1884) 
Fursenkoina fusiformis (Williamson, 1858) 
Gyroidina soldanii d'Orbigny, 1826 
Nonion depressulus (Walker & Jacob, 1798) 
Nuttallides umbonifera (Cushman, 1933) 
Oridorsalis umbonatus (Reuss, 1851) 
Pullenia bulloides (d'Orbigny, 1846) 
Pullenia subcarinata (d'Orbigny, 1839) 
Tosaia hanzawai Takayanagi, 1953 

The number of living agglutinated foraminifera 
in the surface samples is highest at Station 027 
(New Jersey slope), where maximum values of more 
than 8 individuals per cc sediment are observed. At 
Station 020 beneath the Gulf Stream, values of 
about 5 individuals per cc are observed in the 
uppermost centimeters of the sediment column. The 
values at Station 016 (Northern Sargasso Sea, 
influenced by cold core rings) are comparable (about 
5 individuals at 0-1 cm depth in sediment and close 
to 4 individuals at 1-2 cm depth). A dramatic 
decrease in the abundance of living agglutinated 
foraminifera is observed in cores from within the 
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Figure 3. Distribution of ecologically relevant calcareous 
benthic foraminifera in surface samples from the abyssal 
and deep bathyal HUD 89038 cores. 
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Figure 4. Relative numbers of total benthic foraminifera, living and dead calcareous benthic foraminifera, living and dead 
agglutinated foraminifera and tubular astrorhizaceans in surface sediments of the Sargasso Sea, beneath the Gulf Stream and 
sfope sites. 

central gyre of the Sargasso Sea, where the maxi
mum number of living agglutinated foraminifera are 
around to be 1- 2 individuals per cc sediment. 

The total assemblage counts of the near-surface 
samples are somewhat different. The highest abun
dance of agglutinated foraminifera (about 170 indi
viduals/cc) is observed in the upper 1-2 cm at 
Station 020, beneath the Gulf Stream. The total 
numbers of agglutinated forminifera are still high 
at Station 027 (about 80 individuals/ cc) and 016 (88 
individuals/cc). The total numbers of agglutinated 
foraminifers within the uppermost 2-3 cm of the 
sediment column at Stations 004 and 007 decrease 
dramatically (about 5 individuals/cc at Station 007 
and up to 30 individuals/ cc at Station 004). 

The most significant difference in faunal abun
dance is thus observed between the abyssal Station 
016 in the Northern Sargasso Sea and the abyssal 
Stations 004 and 007 at the Bermuda Rise. On aver
age the numbers of both living and total aggluti
nated foraminifers are about 3 to 4 times higher at 
Station 016 than at the two control stations at the 
Bermuda Rise (Figure 4). These striking differences 
in living and total populations within abyssal 
stations in the Sargasso Sea are somewhat surpris
ing, since Stations 004, 007 and 016 are situated at 
the same water depth and topographic situation. 
Other fundamental differences between aggluti
nated foraminiferal assemblages beneath the cen
tral gyre of the Sargasso Sea and assemblages from 
the northern Sargasso Sea, which is influenced by 
cold core rings, are: 

(1) the highest numbers of agglutinated foramini
feral tests are observed close to the sediment surface 
at Station 016 but within about 3-10 cm sediment 
depth in the other abyssal samples from the 
Sargasso Sea (Figure 5). 

(2) attached agglutinated foraminifera are common 
(10-20% of the total surface population) at the 
northern Sargasso Sea station. 
(3) epifaunal forms such as R h i z am min a 
algaeformis, other epifaunal komokiaceans and 
unilocular astrorhizaceans form only a minor 
component of the faunal assemblage in the northern 
Sargasso Sea. 
We relate these differences in faunal abundance and 
composition to the influence of cold core rings and 
resulting higher phytodetritus supply to abyssal 
stations in the northern Sargasso Sea. 

Microhabitats and life positions 
Most of the observed species of agglutinated 
foraminifera can be assigned to four groups according 
to their microhabitat: 
(1) epifaunal attached agglutinated foraminifera 
(2) fragile, soft and flexible epifaunal and shallow 
infaunal forms (i.e., komokiaceans). 
(3) shallow infaunal forms (living forms are not 
observed deeper than 3-4 cm in the sediment) 
(4) deep infaunal forms (living forms occur below 4 
cm in the sediment) 
The distribution of representatives of these faunal 
groups is discussed below. For details on the 
distribution of komokiaceans in the Gulf Stream 
area see Kuhnt & Collins (1995). 

Attached agglutinated foraminifera 
Attached agglutinated foraminifera of abyssal 
areas (deep-sea hard-substrate communities) have 
been commonly recorded from surfaces of manganese 
nodules (Dugolinsky et ai., 1977; Mullineaux, 1987, 
1988a,b). Less attention was paid to attached deep-
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Figure 5. Downcore changes of diversity and abundance of total and living agglutinated foraminifera within pushcores from 
the central and northern Sargasso Sea, beneath the Gulf Stream and the BaItimore Canyon slope area. 

sea agglutinated foraminifera on biogenic substrates 
such as shells of molluscs and planktonic 
foraminifera or agglutinated tests since these forms 
are generally very small and easily overlooked. 
Gooday (1990a) mentions encrusting forms of the 
genera Eggerella, Iridea, Textularia and Tritaxis on 
the shells of bivalves, pteropods and scaphopods 
which were very abundant at some bathyal stations 
at the Porcupine Seabight. Small abyssal attached 
foraminifers were recorded from inner surfaces of 

Bathysiphon rusticus tubes at 4000 m off northwest 
Africa (Gooday & Haynes, 1983). Small attached 
forms (Placopsinella aurantiaca) have also been 
noted in the deep-sea Arctic Ocean (Scott & ViIks, 
1991). 

Feeding types of attached deep-sea agglutinated 
foraminifers include suspension and deposit-feeders 
(Mullineaux, 1987 & 1988b; Gooday, 1990a). 
Christiansen (1958, 1971) was the first to observe 
large tubular forms standing up in the sediment 
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Table 2. Morphotypes of attached agglutinated foraminifers in surface material from boxcore HUD 89038-
016. SF = suspension feeders; OF = deposit feeders 

morphotype species relative abundance feeding type 

1 

2 

3 

4 

5 

6 

Placopsilinella aurantiaca 
Placopsilinella confusa 

Saccammina sp. 

Lagenammina tubulata 

Tholosina bulla 
Tholosina vesicularis 
Hemisplzaerammina sp. 

SlIbreophax adullcus 

Ammolagena clavata 
Tolypammina vagans 

abundant deposit feeder 

common deposit feeder 

rare-few deposit feeder 

few deposit feeder 

few suspension feeder (?) 

common deposit feeder 

7 Dendrophrya (?) sp. common-abundant suspension feeder 

Morphotype 1: multichambered chitineous forms without larger agglutinated grains (Plate 9) 
Morphotype 2: single chambered with large agglutinated grams and a terminal aperture protruding on a short neck (Plate 10, 

Figs 2, 4-6) 
Morphotype 3: single chambered subspherical forms with a free test (?) agglutinating or attached to large tests of planktonic 

foraminifera (Plate 10, Figs 1 and 3) 
Morphotype 4: hemispherical or Irregular attached forms, finely to medium agglutinated, with basal, hardly visible apertures. 

These forms often cover the apertures of planktonic tests (Plate 11, Figs 1-4) 
Morphotype 5: multichambered forms which protrude from the attaching surIace (Plate 11, Figs 5-8) 
Morphotype 6: smooth tube-shaped forms, which are attached throughout, with a spherical proloculus (Plate 12, Figs 5-9) 
Morphotype 7: Tubular forms, often erect and branching, with finely, medium and coarsely agglutinated walls (Plate 12, Figs 

1-4) 

with the base of the test anchored in the sediment 
and the pseudopodia extended in the current like a 
net. Gooday (1990a) observed large tubular attached 
suspension feeding agglutinated foraminifera at a 
depth of 3900 m in the Northeast Atlantic. These 
suspension feeders preferably occur on the summit of 
seamounts were currents and hence suspended food 
particles are likely to be enhanced (Mullineaux, 
1987; Gooday, 1990a). 

At Station 016 small attached agglutinated 
foraminifera on larger tests of planktonic 
foraminifera are very abundant (up to 20 specimens 
per square cm in surface samples). The downcore 
distribution and preservation of these forms suggest 
an epifaunal habitat for these forms (Figure 6). In 
general, most of the specimens are well-preserved 
and do not show fragmentation or corrosion of the 
test only in the uppermost 2-3 cm of the sediment 
core. However, no identification of living 
individuals was possible using the Rose Bengal 
staining method. Probably these tiny forms do not 
contain enough protoplasm to produce an 
identificable stained body. 

Seven morphotypes were distinguished in surface 
material from boxcore HUD 89038-016. (Table 2, 
Plates 9-12). 

Shallow infaunal calcareous and agglutinated 
benthic foraminifera 
Living individuals of the following species are more 
or less consistently observed within the uppermost 
1-4 cm of the sediment at Stations 004, 007, 016 and 
020: 

Adercotryma glomerata 
Ammobaculites agglutinans 
Ammobaculites cf. filiformis 
Eratidus foliaceus 
Buzasina galeata 
Buzasina ringens 
Cystammina pauciloculata 
Discammina sp. 
Glomospira charoides 
Glomospira gordialis 
Haplophragmoides bradyi 
Haplopllragmoides sphaeriloculus 
Hormosinella dis tans 
Pseudonodosinella nodulosa 
Recurvoides spp. 
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Figure 6: Downcore distribution and taphonomy of attached agglutinated foraminifera in subcore HUD 89038-016F. 
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Figure 7. Downcore distribution of stained (living) agglutinated foraminifers at Station 016, pushcore 016F 

Reophax biloeularis 
Reophax dentaliniformis 
Reophax helenae 
Reophax seorpiurus 
Rhabdammina sp. 
small trochamminids 

In addition to these, at the Baltimore Canyon 
slope Station 027, living specimens of Eggerella 
bradyi and Uvigerina peregrina are observed in the 
upper part of the sediment column. Some of these 
shallow infaunal forms also occur deeper in the 
sediment column at the abyssal stations. However 
most of these forms seem to be restricted to the 
uppermost soupy part of the sediment column with 
significantly higher water content than below 
approximately 4 cm. The distribution within this 
zone is not consistent: living individuals of virtually 
all species were observed from the sediment/water 
interface down to the base of the soupy layer. We 
suggest that many of these species are most probably 
mobile within this zone and may have their 
optimum ecological niche close to the 
sediment/water interface. 

Oeep infallnal agglutinated foraminifera 
The most characteristic and abundant taxa of deep 
infaunal agglutinated foraminifera are Karrerulina 
apieularis and Reeurvoides spp. Besides these forms 

rare occurrences of stained Ammobaelllites ex gr. 
agglutinans, BlIzasina wiesneri, Haplophragmoides 
bradyi, H. sphaeriloeulus Adereotryma glomerata, 
Buzasina galeata and Cystammina paueiloeulata 
have been observed below 4 cm sediment depth. 

All these forms are characterised by extremely 
small cytoplasm bodies and a differentation of more 
or less decayed organic material is extremely diffi
cult. Especially in Karrerulina apicularis an unbi
ased identification of living specimens with the 
Bengal Rose staining method seems to be almost 
impossible. None of the 67 stained specimens of this 
species in pushcore 016F showed a clear cytoplasm 
body in the last chambers. Staining was generally 
restricted to the earlier chambers and the stained 
material was identified as an organic meshwork 
filling most of the extremely small cavities of the 
massive and thick agglutinated test. Almost 20% of 
the total number of K. apieularis in pushcore 016F 
were stained (Figure 7), which is an unusually high 
number for forms with thick-walled tests where a 
preservation of almost 100% of the tests can be 
assumed at least for the uppermost 20 cm of the sed
iment column. Other thick-walled infaunal species 
with high fossilization potential such as 
Reeurvoides spp. and Adereotryma glomerata show 
3% to 7% stained specimens, which is still far above 
the values for most other agglutinated and 
calcareous benthics which are far below 1%. A pos 
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Figure 8. Downcore distribution of the abyssal deep infaunal species Karrerulina apicularis. 

sible explanation for these differences may be a dif
ferent adaption to seasonal food supply of deep 
infaunal agglutinated foraminifera. Epifaunal 
forms reproduce immediately after the phytode
tritus of the spring bloom reaches the seafloor and 
living forms occur in abundance in the phytodetritus 
fluff (Thiel et al., 1989). Most of these forms proba
bly do not survive the winter period and at the time 
we sampled (just before the spring bloom) standing 
stocks of these forms are low and empty shells 
strongly dominate even in the surface samples. 

We speculate that the deep infaunal forms may 
have a lower reproduction rate, but may be able to 
survive the winter season with the given resources. 
Consequently, the living/ dead ratios of these forms 
are more constant throughout the year. These obser
vations are in accordance with the generally 
strongly reduced cytoplasm bodies of these forms, 
which may indicate that parts of the cytoplasm 
may have been metabolised during the winter. A 
less probable explanation would be a slow organic 
decay of the cytoplasm of infaunal agglutinated 
foraminifers, possibly in the order of several 
months. Our "living" communities may then include 
the populations of the previous summer which 
actively moved downward the sediment column. 
The sedimentation rates at the sites studied are 
undoubtedly low enough to exclude a burial of epi
faunal forms into depths of several centimeters by 
sedimentation processes. A more important role may 
have been played by transport of infaunal aggluti
nated species by burrowing organisms (e.g., poly
chaete worms). However, the density of observed 
polychaete burrows in core 016 is low, and probably 
did not change the quantitative distribution of 
stained infaunal agglutinates. 

Another possible seasonal aspect of life habitat 
in this deeper infaunal group is observed in 
Adercotryma glomerata. This species has been 
described by Gooday (1988) as a form which typi
cally inhabits the fluffy phytodetritus layer above 
the sediment surface after the spring bloom. We 
observed living individuals of the same species 
commonly in sediment depths of more than 4 cm. 
Thus, this form may be able to seasonally move up 
and down the sediment column. It consequently can 
be regarded as an epifaunal detritus feeder after the 
spring-bloom and as an infaunal form during the rest 
of the year. 

Downcore distribution of agglutinated foraminifera 
and Taphonomy 
The processes controlling the transformation of liv
ing to fossil assemblages during the earliest part of 
their burial history are still poorly understood. The 
downcore distribution of total assemblages of ben
thic foraminifera are controlled by three factors: (1) 
changing environmental conditions at the sediment 
surface, such as changes in organic matter fluxes and 
resulting changes in the composition of living popu
lations; (2) the different habitat depth of popula
tions, (3) taphonomic processes and the different 
fossilisation potential of the tests. 

The influence of the different habitat depth on 
fossil abundances has been theoretically discussed 
by Loubere (1989). He concludes, that under the con
ditions of constant habitat occupancy epifaunal 
species would have constant abundances in the 
entire sediment column, while infaunal species will 
have abundances in the sediments that increase 
down to their maximum habitat depth and then 
remain constant below that depth. An instructive 
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example for the resulting distribution pattern of a 
deep in faunal species is the downcore distribution of 
total individuals of Karrerulina apicularis in the 
box-cores 004, 007 and 016 (Figure 8) since this 
species builts a very robust, thick-walled test, with 
high fossilization potential and no specimen loss or 
fragmentation is observed within the studied inter
vals. However, this abyssal species is absent at the 
slope Station 027 and numbers at Station 020 are too 
low to reconstruct a meaningful downcore 
distribution. 

At all sites studied this species is rare or absent 
in surface samples and within the uppermost centi
meter of the sediment column. Numbers of both liv
ing and dead individuals increase down to about 5 
cm at Station 016, to about 9 cm at Station 007 and to 
at least 11 cm at Station 004. These depths corre
spond closely to the most common occurrence levels of 
stained specimens at these repective sites. 
Consequently, these distribution patterns are 
mainly controlled by the habitat behaviour of K. 
apicularis populations. 

Taphonomic processes may significantly modify 
the theoretical species abundance patterns. Loubere 
& Gary (1990) observed substantial specimen loss 
among calcareous benthic foraminifera in the bio
turbated interval just below the surface which is 
especially significant for the fraction of the species 
populations living at or near the surface. The situa
tion is even worse for fragile, loosely agglutinated 
foraminifera, where the decay of the organic cement 
may selectively destroy many individuals during 
the earliest diagenetic history (Schroder, 1986). 

Loubere (1989) proposed that the preservation 
potential of deep water benthic foraminifera is a 
function of both wall structures (intrisic susceptibil
ity to dissolution or decay) and habitat preference. 
The importance of habitat preferences for the 
preservation potential of benthic foraminifera is 
further supported by studies of downcore abundances 
by Denne & Sen Gupta (1989) and Loubere & Gary 
(1990). 

We use downcore plots of percentage values for 
different species to examine the contributions of se
lected groups of agglutinated foraminifera to down
core changes in agglutinated forminiferal assem
blages within different environments (Figures 9-12). 
These plots show the following important features: 

(1) Downcore abundance profiles of the abyssal 
Stations 004, 007 and 016 differ significantly from 
Station 020 and the slope Station 027. Generally the 
distribution profiles at the Sargasso Sea stations 
are more continuous, most species are preserved 
within the whole section of the sediment column 
and fossil assemblages largely reflect the living 
populations. Fossil assemblages at Stations 020 and 
027 are significantly different from the living popu
lations; agglutinated forms which use organic 
cement are largely destroyed and the residual 
assemblages are strongly dominated by agglutinated 

forms which use calcareous cement such as 
"Reophax" bacillaris, Sigmoilopsis schlumbergeri, 
and Eggerella bradyi. 

(2) Within the Sargasso Sea stations in faunal forms 
generally increase downcore in relative abundance. 
Important constituents of assemblages below 10 cm 
sediment depth are in order of decreasing relative 
abundance: Karrerulina apicularis, Hormosinella 
distans, Recurvoides spp., Haplophragmoides 
sphaeriloculus and H. bradyi, Buzasina ringens, 
Blizasina galeata, Ammobaculites aggilltinans, 
Bulbobaculites of the B. filiformis group. 

(3) Tubular morpho types, attached forms, 
Aschemonella spp. and Subreophax aduncus are 
generally most abundant in the uppermost few cen
timeters of the pushcores and decrease rapidly 
downcore in abundance. The habitat of these forms 
is epifaunal and their abundance in fossil assem
blages is mainly controlled by their susceptibility to 
decay. Consequently, thick-walled forms with 
multilayered walls made up by well-sorted quartz 
grains such as Rhabdammina abyssorum, R. linearis 
and R. discreta generally have higher preservation 
potential than fragile thin-walled forms such as 
komokiaceans, Rhizammina algaeformis, R, indi
visa, attached Placopsilinella spp. and Subreophax 
aduncus. However, inner linings of Rhizammina 
algaeformis have been reported in fossil deposits 
(Scott et ai., 1989; Scott & Leger, 1991). 

(4) Somewhat surprising is the distribution pattern 
of Saccorhiza ramosa in pushcore 027F (fig. 12), 
which has maxima of abundance in the surface 
samples and at a distinct level as deep as 16 cm. 
This peak in abundace may result from primary 
high abundances of this species, which were not 
levelled out by diagenetic decay. 

Summing up, our data do not support the model 
proposed by Schroder (1986) in which the 
preservation potential of deep water benthic 
foraminifera is only a function of wall structures in 
respect to susceptibility to dissolution or decay. 
There is evidence that the habitat preference is an 
equally important factor for the preservation poten
tial of agglutinated deep-water foraminifera 
(Figure 13). Especially in abyssal communities 
underneath the oligotrophic gyre of the Sargasso 
Sea fossil communities are dominated by deep 
infaunal forms. Many of these forms do not even pos
sess especially thick agglutinated walls, but are 
tiny, thin-walled sometimes even with single-lay
ered walls (e.g., Haplophragmoides sphaeriloculus, 
H. bradyi, Buzasina spp., Hormosinella distans). 
This observation is in good accordance with the 
composition of fossil abyssal communities from Late 
Cretaceous and Palaeogene oceans, which are 
almost exclusively formed by small infaunal 
agglutinated forms of even the same genera as in 
modern abyssal oceans (Kuhnt & Kaminski, 1990). 
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Figure 9. Downcore distribution of significant groups of agglutinated foraminifera within the uppermost 20 em of the 
sediment column in Core 007. 



DWAF Assemblages across the Gulf Stream: Distribution & Taphonomy 

10 

20 

10 

20 

HUDSON-89038, station 016 
percentages of total agglutinated foraminiferal assemblage 

Eratidus 
foliaceus 

o 2 4 6 8 10 

10 

20 

attached 
aggl uti nates 

o 10 20 30 40 50 

10 

20 

Reophax 

10 

Rhizamrni na spp. 

20 10 20 

10 10 

20 20 

Subreophax 
aduncus 

o 2 4 6 8 1012 

Psanunosphaera 
Saccorhiza 

ramosa Buzasina spp. 

012"45( 

Discnmnina sp. Aschemo nell a 
Adercotly1na 

gJomerata 
3 4 I 2 3 4 10 20 IC 20 o 2 4 t 

10 10 10 10 10 

20 20 20 20 20 

273 

Amrnobaculites Haplophrag- Kanerulina Pseudonndosinella Tolypnmnina (?) Trocltamrnina 
ct. filifonnis rnoi des apicuiaris Recwvoides Rhabdanunina Saccanunina fragments ct. squamata 

o 2 4 6 8 10 0 2 4 6 8 1012 0 10 2C 0 5 IC 15 0 2 4 6 8 10 20 0 2 4 6 8 1012 0 2 4 6 8 1012 0 2 4 6 8 10 

10 

20 

Figure 10. Downcore distribution of significant groups of agglutinated foraminifera within the uppermost 20 cm of the 
sediment column in Core 016. 



274 w. Kuhnt, E. Collins & D.B. Scott 

HUDSON-89038, station 020 
percentages of total agglutinated foraminiferal assemblage 

attached agglutinates 

I. 

ll-'-----------' 

10 

12 

10 

12 

,. 

Rhabdammina spp. 
0102030105060 

Marsipella elongata 

• 
t 

Recurvoides 

12 -'----------' 

Saccorhiza ramasa 

10 

ll"----------' 

Buzasina wiesneri 

10 

12 

Saccammina 'ph.eric. 

" 

12 

Reopl."" .pp. 

. . Trochamrnina antarctica Glomospira charoides Haplophragmoides bradyi 
Rhlzamm1na :r;;PPoTrochiUl\min .. scotlaenesis Glomospira gordialis H. 'phaerilocul\1s 
02(680'24. 601'2)' 0123(5 

I. 

,,-'-----------' 

B"zasina gilileata 
Buasina ringens 

o 1 2 J 

Karrerulina apicularis 

t 

,. ~ 
" 

neopit"" bacillari. 

• 1 2 , • , • 

AmmobacuHtes 
"gglutinans 

, 2 J 

10 

,,-'-----------' 

Ammobacu.lites d. 
filiformis 

2 

Hormosinella distans Discammina 

10 
,. 

'2 12 

Sigmoilopsis 
Reopl."" biloculari. sch.1umbergeri 

,. 2. ,. I. 

I. 

12 1-____ ----' 

I. 

12 

I. 

12 

Hormosina 
globulifera 

2 • 

E'ratidul foliaceul 

Trochammin .. 
ex gr. squamata (large) 

I. I. I. 

12 -'--------' 121---------' ,,-'---------' 

Figure 11. Downcore distribution of significant groups of agglutinated foraminifera within the uppermost 11 em of the 
sediment column in Core 020. 



DWAF Assemblages across the Gulf Stream: Distribution & Taphonomy 

20 

0 

10 

20 

CSS HUDSON 89038-27 
EPIFAUNA AND SHALLOW INFAUNA 

Rhizammina 
algaefonnis 

o 2 4 6 

AmIno baculites 
agglutinans 

0 2 4 6 

EggereUa 
bradyi 

0 20 40 
0 0 

10 10 

20 _-.-.J 20 

20 

0 

10 

20 

0 

Rhabdammina spp. 
o 5 10 15 

Buzasina and 
cystammina 

0 2 4 6 

20 

0 

10 

20 

attached af,glutinates 
o 2 4 6 

Reophax spp. 

0 5 10 15 20 25 

DEEP INFAUNA 

20 

0 

10 

20 

Reophax Sigmoilopsis Recurvoi des 
schl mn bergeri badllaris 

20 40 0 10 0 2 4 6 

0 0 

10 10 

'--__ ....J 20 ______ ....1 20 

Saccorhiza ramosa 
o 2 4 6 8 

Trochammina spp. 

0 5 10 15 

coarse 
Astrorhi zidae 

8 0 20 40 

275 

Figure 12. Downcore distribution of significant groups of agglutinated foraminifera within the uppermost 20 em of the 
sediment column in Core 027. 



276 W. Kuhnt, E. Collins & D.B. Scott 

TAPHONOMY 
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microhabitats (modified after Loubere's model for calcareous benthic foraminifera, 1989). Solid lines: abundance without 
taphonomic loss. Depth (vertical scale) in cm below sediment surface. 

DISCUSSION AND CONCLUSIONS 
Benthic foraminiferal assemblages from abyssal 
water-depths show differences in their taxonomic 
and quantitative composition which are related to 
the trophic structure of the overlying surface water 
masses and the influence of deep currents. Along the 
transect studied we are able to distinguish three 
characteristic assemblages: 

(1) Benthic foraminiferal assemblages undeneath 
the oligotrophic water masses of the central 
Sargasso Sea 

(2) Benthic foraminiferal assemblages observed in 
4654 m water depth underneath the zone of cold core 
rings along the southern margin of the Gulf Stream. 

The contrasts between these two assemblages are 
as follows: 

• calcareous benthic foraminifers are more abun
dant under the Gulf Stream than in comparable 
abyssal areas, which are not current-influenced, 
although the taxonomic composition of the 
assemblages remains largely the same 

• agglutinated foraminifers with calcareous 
cement are more common under the Gulf Stream 
than in abyssal sediments of the Sargasso Sea 

the live infauna under the Gulf Stream consists 
mainly of small, smooth-walled infaunal mor-

photypes. Its taxonomic composition is almost 
identical with stations from the oligotrophic 
waters of the Sargasso Sea. However, the number 
of living individuals is about 2 to 3 times higher 
as in abyssal samples from the Sargasso Sea 

higher standing stocks of benthic foraminiferal 
populations under the Gulf Stream may reflect 
influence of current-transported particulate 
organic matter. 

• most of the observed komokiaceans under the 
Gulf Stream have been found within the 
uppermost 2 cm of the sediment and not on the 
sediment surface. These forms have generally 
thicker walls and agglutinate larger grains than 
epifaunal specimens from the underneath the 
oligotrophic gyre of the Sargasso Sea 

• epifaunal attached agglutinated foraminifera 
are common under the Gulf Stream (10-20% of the 
total surface population) and include suspension 
feeding morphotypes. This unusually high 
number of attached agglutinated foraminifera 
(mainly attached to large planktonic foramini
feral tests) and the occurrence of unusually 
coarsely agglutinated Komokiacea which 
appear to live in the uppermost 2 cm of the sedi
ment column may reflect an influence of low
speed bottom currents 
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• unilocular astrorhizaceans form only a minor 
component of the faunal assemblage under the 
Gulf Stream; large, thick-walled forms, which 
commonly occur on the rise and slope-sites are 
virtually absent. 

(3) Assemblages underneath the cold and highly 
productive slope water masses, which <Ire partly 
influenced by the Western Boundary Undercurrent 
are highly dominated by tubular agglutinated 
morphotypes. 

Based on these observations we speculate that 
the general distribution of abyssal agglutinated 
foraminiferal assemblages is controlled by three 
main factors in addition to general oceanographic 
conditions (e.g., position of the CCD): 

(1) The low and seasonal supply of nutrients and 
phytodetritus underneath the central oceanic gyre 
favors detritus-feeding infaunal forms which prefer 
closed ecosystems where they do not lose resources to 
the water column. Recycling of nutrients may be an 
important process in these oligotrophic benthic 
communities. 

(2) Enhanced and more steady phytodetritus supply 
to the deep sea underneath large surface current 
systems like the Gulf Stream and its marginal cold 
core rings is reflected by generally higher standing 
stocks and larger proportions of calcareous benthic 
foraminifera, shallow infaunal, epifaunal and 
attached agglutinated foraminifers. 

(3) The influence of bottom currents favors 
opportunistic species with high capabilities to 
recolonise disturbed substrates (e.g., Reophacinae). 

The role of major current systems is still poorly 
understood in reconstructions of paleoproductivity 
and palaeocirculation patterns using the deep ocean 
record. One of the reasons is that the conventionally 
used deep ocean palaeoceanographic tracers such as 
stable isotopes (a180, al3C), and geochemical 
tracers (Cd/Ca and Ba/Ca) generally cannot resolve 
comparatively narrow features such as the Gulf 
Stream system. Thus it seems to be worthwile to 
discuss whether the observed changes in benthic 
biofacies beneath the Gulf Stream system may have 
potential as palaeoceanographic tracers. 

The following main features may allow to 
discriminate deep-current influenced benthic 
foraminiferal assemblages from "normal" abyssal 
biofacies: 

1. higher standing stocks and benthic foraminiferal 
accumulation rates 

2. local occurrence of high organic flux indicator 
benthic foraminifera 

3. reduced importance of "oligotrophic" specialists 

4. enlarged test sizes of agglutinated tubular 
morphotypes (indicators of er.hanced biomass) 

5. less pronounced influence of seasonality on ben
thic foraminiferal populations, due to more 
steady organic flux provided by the current 
system 

6. common occurrence of recolonization opportunists 
on disturbed substrates following "abyssal storm" 
events by deep current or eddy activities. 

Most of these features also characterise deep
water benthic foraminiferal assemblages under
neath high productivity slope waters and in 
advective zones, where primary production may be 
enhanced by terrestrial nutrient input or upwelling. 
However, beneath the Gulf Stream system we did 
not observe indicators of interstitial water oxygen 
deficiency and typical indicators of excess organic 
flux such as Uvigerina peregrina, probably because 
the Gulf Stream continuously supplies highly 
oxygenated water. 
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APPENDIX: TAXONOMIC REFERENCE LIST 
We illustrate and provide documentation for 
agglutinated species only. The taxonomy of 
calcareous benthic forms mentioned in this study 
follows Hermelin & Scott (1985). 

Agglutinated Foraminifera 

Adercotryma glomerata (Brady, 1878) 

Plate 6, Figs 10-21 

Litllola glomerata Brady, 1878, p. 433, pI. 20, fig. 1a-c 

Ammobaclllites agglutinans (d'Orbigny, 1846) 

Plate 4, Figs 1-2 

Spirolil1a agglutinal1s d'Orbigny, 1846, p. 137, pI. 7, figs 10-
12 

AmmobaclIlites filiformis Earland, 1934 

Plate 4, Figs 9-10 

AmmobaclIlites aggilitinans var. filiform is Earland, 1934, 
pp. 92-93, pI. 3, figs 11-13 

Ammobaculites cf. filiformis Earland, 1934 

Pia te 4, Figs 3-8 
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Test small with a short rectlinear part; wall finely 
agglutinated, brownish, surface smooth. Differs 
from A. filifor11lis in its shorter uniserial part and 
its typically fine-grained, brownish wall with a 
smooth surface. 

Earland (1934) includes in the vpiability of his 
Ammobaculites agglutinans var. filiformis an 
"abnormally long specimen with fifteen chambers in 
the uniserial portion, found at St. WS 472, is very 
smoothly built, with an excess of cement" (probably 
the specimen he figures on plate 3, fig. 12). The wall 
structure of this specimen (described by Earland 
(1934) as "using cement almost entirely" seems to 
closely corresond with the forms we call A. d. 
filiformis. 

Ammodiscus cretacellS (Reuss, 1845) 

Plate 1, Fig. 1 
not OpereuIina ineerta d'Orbigny, 1839, p. 49, pI. 6, figs 16-

17 
Operculina eretaeea Reuss, 1845, p. 35, pI. l3, figs 64, 65a-b 

Brady (1884) used the name AmmodisCl/s incertlls 
(d'Orbigny) for all Recent and fossil species with a 
test morphology of "a smooth arenaceous 
planispiral tube". Loeblich & Tappan (1954) have 
re-examined d'Orbigny's types of OperCl/lina incerta 
from Cuba and figured a lectotype. They found that 
this species possesses a calcareous, imperforate, 
porcellaneous wall and placed it in the genus 
Cornuspira. This consequently means that the name 
O. incerta is not available for the undoubtedly 
agglutinated forms described by Brady under the 
name Ammodiscus incertlls. 

The first reported deep-water AmmodisCl/s with 
an undoubtedly agglutinated wall is to our 
knowledge O. cre/acea Reuss, 1845, from Upper 
Cretaceous pelagic marls tones of Bohemia. This 
name is generally in use for late Cretaceous deep
water forms of the genus Ammodiscus. We use this 
name for the Recent deep-water Ammodiscus as 
well, since we cannot find any diagnostic features 
which would permit differentiation of late 
Cretaceous deep-water Ammodiscus from the Recent 
forms. 

Ammolagena clavata Gones & Parker, 1860) 

Plate 12, Figs 5-8 
Troehammina irreglilaris (d'Orbigny) var. clavata Jones & 

Parker, 1860,p.304 

Aschemonella catenata (Norman, 1876) 

Plate 2, Fig. 22 
Astrorhiza eatcnata Norman, 1876, p. 213 
Asehemonella eatenata (Norman). - Brady, 1884, p. 271, pI. 

27, fig. 3; pI. 27 A, figs 1-3 

Aschemonella ramuliformis Brady, 1884 

Plate 2, Fig. 20 
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Asehemonella ramuliformis Brady, 1884, p. 273, pI. 27, figs 
12-15 

Aschemonella scabra Brady, 1884 

Plate 2, Fig. 21 
Asehemonella scabra Brady, 1879, p. 44, pI. 3, figs 6, 7 

Astrammina rara Rhumbler in Wiesner, 1931 

Plate 1, Fig. 15 
Astrammina rara Rhumbler in Wiesner, 1931, p. 78, pI. 2, fig. 

19 

Astrorhiza crassatina Brady, 1881 
Astrorlziza erassatina Brady, 1881, p. 47 
Astrorhiza erassatina Brady. - Brady, 1884, pp. 233-234, pI. 

20, figs 1-9 

Buzasina galeata (Brady, 1881) 

Plate 5, Figs 3-6 
Troclzammina galeata Brady, 1881, p. 52 
Troehammina galeata Braiiy. - Brady, 1884, p. 344, pI. 40, 

figs 19-23 

Buzasina ringens (Brady, 1879) 

Plate 5, Figs 1-2 
Troclzammina ringens Brady, 1879, p. 57, pI. 5, fig. 12a, b 
Troclzammina ringens Braiiy. - Brady, 1884, p. 343, pI. 40, 

figs 17-18 

Buzasina wiesneri (Parr, 1950) 

Plate 5, Figs 7-8 

Labrospira wiesneri Parr, 1950, p. 272, pI. 4, figs 25-26 

Cribrostomoides subglobosus (G.O. Sars, 1872) 

Plate 6, Figs 1-4 
Lituola subglobosa G.O. Sars, 1872, p. 252 

Cystammina pauciloculata (Brady, 1879) 

Plate 8, Figs 1-2 
Troehammina pauciloculata Brady, 1879, p. 58, pI. 5, figs l3-

14 

Discammina (?) compressa (Goes, 1882) 

Plate 4, Figs 15-16, 18 
Lituolina irregularis var eompressa Goes, 1882, p. 141, pI. 

12, figs 421-423 

Eggerella (?) advena (Cushman, 1922) 

Plate 8, Fig. 5 
Verncuilina advena Cushman, 1922, p. 141 

Eggerella bradyi (Cushman, 1911) 

Plate 8, Figs 13-15 

Vcrneuilina pygmaea (Egger). - Brady, 1884, pp. 385-386, pI. 
47, figs 4-7 

Vemeuz1ina bradyi Cushman, 1911, p. 54, text-figs 87a, b, pI. 
6,fig.4 

Eratidus foliaceus (Brady, 1881) 

Plate 4, Figs 11-12 
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Haplop17ragmillm joliaceum Brady, 1881, p. 50 
Haplophragmill7n joliacellm Brady. -Brady, 1884, pp. 304-

305, pI. 33, figs 20-25 

Eratidus foliaeeus reeurvus (Earl and, 1934) 

PIa te 4, Figs 13-14 

A771mobaclilites joiiacells var. recurva, Earland, 1934, pp. 93-
94, pI. 3, figs 14-17 

Glomospira eharoides (Jones & Parker, 1860) 

Plate 1, Figs 5-6 

Trochammina sqllamata Jones & Parker var. charoides Jones 
& Parker, 1860, p. 304 

Glomospira gordialis (Jones & Parker, 1860) 

Plate 1, Fig. 4 

Troclzammina squamata Jones & Parker var. gordiaiis Jones 
& Parker, 1860, p. 304 

Glo111ospirella biedai Samuel, 1977 

Plate 1, Figs 2-3 

Glomospirella biedai Samuel, 1977, p. 29, pI. 3, fig. 16, pI. 21, 
fig. 3 

Ammodiscus anguil/ae Hoglund. - Hermelin & Scott, 1985, p. 
202, pI. 1, fig. 1 

Haplophragmoides brady; (Robertson, 1891) 

PIa te 5, Figs 14-15 

Trochammina bradyi Robertson, 1891, p. 388 

Haplophragmoides rotulatu111 (Brady, 1881) 

Plate 5, Fig. 13 

Haplophragmillm rotulatum Brady, 1881, p. 50 

Haplophragmoides sphaeriloculu111 Cushman, 1910 

Plate 5, Figs 16-18 

Haplophragmoides sphaeriloclllll7n Cushman, 1910, p. 107, 
text-fig. 165 

Hormosina carpenteri Brady, 1884 

Plate 3, Fig. 19 

Hormosina carpenteri Brady, 1884, p. 327, pI. 39, figs 14-18 

Hor111osina globulifera Brady, 1879 

Plate 3, Figs 17-18 

Hormosi71a globulifera Brady, 1879, p. 60, pI. 4, figs 4,5 

Hormosinella distans (Brady, 1881) 

Plate 3, Fig. 15 
Reophax distans Brady, 1881, p. 50 

Hyperammina elongata Brady, 1878 

Plate 2, Figs 15-18 

Hyperammina elongata Brady, 1878, p. 433, pI. 20, fig. 2a, b 

Hypera111111ina laevigata Wright, 1891 

Plate 2, Fig. 19 

Hyperammil1a elongata Brady var. laevigata Wright, 1891, 
p. 466, pI. 20, fig. 1 

Jaeulella d. aeuta Brady, 1879 

Plate 2, Fig. 5 

cf. Jawlella acuta Brady, 1879, p. 35, pI. 3, figs 12-13 

Kala1110psis sp.1 

Plate 2, Figs 7-10 

? Kalamopsis vaillanti de Falin. - Loeblich & Tappan, 1988, 
p. 55, pI. 42, figs 12-13 

Karreriella bradyi (Cushman, 1911) 

Plate 8, Figs 16, 18 

Gaudryil1a pupoides d'Orbigny. - Brady, 1884, p. 378, pI. 46, 
figs 1-4 

Gaudryina bradyi Cushman, 1911, p. 67, text-fig. 107a, b 

Karreriella novangliae (Cushman, 1922) 

Plate 8, Fig. 17 

Galldryina novangliae Cushman. - Cushman, 1937b, p. 136, 
pI. 16, figs 12-13 

Karrerulina apiel/laris (Cushman, 1911) 

Plate 8, Figs 6-9 

Gaudryil1a apiclliaris Cushman, 1911, pp. 69-70, text-fig. 110 

Lagena111mina difflugiformis (Brady, 1879) 

Plate 1, Fig. 13 

Reophax difflllgifor771is Brady, 1879, p. 51, pI. 4, fig. 3a-b 

We do not include coarsely agglutinated forms like 
the one figured by Cole (1981) from the offshore 
Northeast Newfoundland which are probably 
single chambered specimens of Reophax biloeularis. 

Lagenam111ina tubulata (Rhumbler, 1931) 

Plate 1, Fig. 14; Plate 10, Fig. 2 

Saccammina tublilata Rhumbler in Wiesner, 1931, p. 82, pI. 
23, fig. 1 

Litllotllba lituiformis (Brady, 1879) 

Trochammina litllifonnis Brady, 1879, p. 59, pI. 5, fig. 16 

Marsipella elongata Norman, 1878 

Plate 2, Fig. 1 

Marsipella elongata Norman, 1878, p. 281, pI. 16, fig. 7 

Nodell1l111 membranaeellln (Brady, 1879) 

Plate 2, Fig. 11 

Reoplzax membranacea Brady, 1879, p. 53, pI. 41, fig. 9 

Placopsilinella aurantiaea Earland, 1934 

Plate 9, Figs 1-6 

Piacopsilinella aural1tiaca Earland, 1934, p. 95, pI. 3, fig. 18 

Placopsilinella confusa (Cushman, 1920) 

Plate 9, Figs 7-8 
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Placopsililla confusa Cushman, 1920, p. 71, pI. 14, fig. 6 

Psammospltaera fllsca Schulze, 1875 

Plate 1, Fig. 10 
Psmmnosplwera fllsca Schulze, 1875, p. 113, pI. 2, fig. 8a-f 

Psammosphaera parva Flint, 1899 

Plate 1, Fig. 12 

Psa1111110sphacra fllsca Schulze (pars). - Brady, 1884, pp. 249-
251, pl. 18, figs 2-4 

Pselldollodosinella (?) bacillaris (Brady, 1881) 

Plate 8, Fig. 12 
Reophax bacillaris Brady, 1881, p. 49 

Pselldonodosinella nodlliosa (Brady, 1879) 

Plate 3, Fig. 16 
Reophax nodlilosa Brady, 1879, p. 52, pI. 4, figs 7, 8 

RecllTVoides cOl1tortlls Earland, 1934 

Plate 6, Figs 7-9 

Recurvoides contort liS Earland, 1934, pp. 91-92 pI. 10 figs 
7-19 ' , 

ReCllTVoides scitulus (Brady, 1881) 

Plate 6, Figs 5-6 

HapIoplzragmillm sc!tllIlI1ll Brady, 1881, p. 50 
Haplophrag111111111 SCLtUlU111 Brady. - Brady, 1884, pI. 34, figs 

11-13 

Reopltmllls oviculllS (Brady, 1879) 

Plate 3, Figs 20-21 

HOnllOsi.na ovi~lIla Brady, 1879, p. 61, pI. 4, fig. 6 
Hormosllla oVlCIIIa Brady. - Brady, 1884, p. 327, pI. 39, figs 

7-9 

Reopltax biloclliaris Flint, 1899 

Plate 3, Figs 9-10, 11(?) 

Reoplwx bilocularis Flint, 1899, p. 273, pI. 17, fig. 3 

Reophax gracilis Kiaer, 1900 

Plate 3, Fig. 1 

Nodulina gracilis Kiaer, 1900, p. 24, text-figs (without 
number) 

ReopTtax dentaliniformis Brady, 1881 

Plate 3, Fig. 5 

Reophax delltalinij01"111is Brady, 1881, p. 49 

Reopltax ltelenae (Rhumbler, 1911) 

Plate 3, Figs 2-3 

Proteonilla helmae Rhumbler, 1911, text-figs 16, 17 

Reopltax ltorridlls Cushman, 1912 

Plate 3, Fig. 6 

Reoplwx horrida Cushman, 1912, p. 229, pI. 28, figs 3-4 

Reophax pillllifer Brady, 1884 

W. Kuhnt, E. Collins & D.B. Scott 

Plate 3, Fig. 4 

Reophax piIlllijera Brady, 1884, p. 292, pI. 30, figs 18-20 

Reopltax SCOrpillTUS Montfort, 1808 

Plate 3, Figs 7-8 
Reoplzax scorpillrlls Montfort, 1808, p. 330 

Reticlliophragmillm pllsillll11l (Brady, 1881) 

Plate 5, Figs 11-12 

Cyclammina pllsilla Brady, 1881, p. 53 

Reticlllopltragmillm trullissatllm (Brady, 1879) 

Plate 5, Figs 9-10 

Trochm11lllilla trllllissata Brady, 1879, p. 56, pI. 5, figs 10-11 

Rhabdammina abyssoTUm Carpenter, 1869 

Rhabda111milla abyssontlll Carpenter, 1869, p. 60 

RTtabdam11lina aggilltissima Hofker, 1972 

Plate 2, Fig. 3 

Rhabdam111ina aggllltissima Hofker, 1972, p. 28, pI. 5, figs 7-9 

Rltabdmn11lilla discreta Brady, 1881 

Rhabdam111illa discreta Brady, 1881, p. 48 
Rlwbdm!lmilla discreta Brady. - Brady, 1884, pp. 268-269, 
pI. 22, fIgs 7-10. 

Rltabda11lmina linearis Brady, 1879 

Rlwbdmmllina Iinearis Brady, 1879, p. 37, pI. 3, fig. 10 
Rhabda111milla Iinearis Brady. - Brady, 1884, pp. 269-270, 

pl. 22, figs 1-6 

Rhabdammina (?) sp. coarse 

We include in this group all fragments of tubular 
agglutinated morphotypes with the following 
common features: 
- generally straight or only slightly curved tubular 
fragments with a ± circular cross-section 
- no branching visible 
- coarsely agglutinated walls, with generally better 
sorted grains as in Rhizammina (?) sp. coarse, quartz 
grains dominate, planktonic foraminiferal tests are 
generally not agglutinated 
- wall thick with a multilayered structure. 

Rhizam11lilla algaeformis Brady, 1879 

Plate 2, Fig. 4; Plate 14, Figs 6-11 (?) 

Rlliza11lmil1a algaeformis Brady, 1879, p. 39, pI. 4, figs 16-17 

Rhizam11lina illdivisa Brady, 1884 

Plate 2, Fig. 2(?); Plate 14, Figs 6-11 (?) 

Rhizmllmina indivisa Brady, 1884, p. 277, pI. 29, figs 5-7 

RTzizammina (?) sp. coarse 

We include in this group all fragments of tubular 
agglutinated morphotypes with the following 
common features: 
- irregular curved outline 
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- occasionally visible branching 
- coarsely agglutinated walls, with poorly sorted 
grains, which may include planktonic foraminiferal 
tests 
- wall structure generally single-layered 

Saccammina spllaerica Sars, 1872 

Plate 1, Fig. 11 
Saccammina sphaerica Sars, 1872, p. 250 

Saccor1ziza ramosa (Brady, 1879) 

PIa te 2, Figs 13-14 
Hypera11lmina ra11losa Brady, 1879, p. 33, pI. 3, figs 14-15 

Sig11loilopsis sc1zlumbergeri (Silvestri, 1904) 

Plate 8, Fig. 10 
Sigmoilina scizll/mbergeri Silvestri, 1904, pp. 267-269 

SipllOtextularia rolshallseni Phleger & Parker, 1951 

Plate 8, Fig. 11 
SipllOtextlllaria rolshauseni Phleger & Parker, 1951, p. 4, pI. 

1, figs 23, 24a,b 

Sorosphaera cf. confusa Brady, 1879 

Plate 2, Fig. 26 
d. Sorosplwf'ra confusa Brady, 1879, p. 28, pI. 4, figs 18, 19 

Sorosphaera cOllsociata (Rhumbler, 1931) 

Plate 2, Figs 23-25, 27 
? Saccammina cOllsociata Flint, 1899, p. 269, pI. 9, fig. 3 
Psam11lophax COl1sociata Rhumbler (in Wiesner), 1931, p. 81, 

pI. 4, figs 38-40, pI. 5, figs 41-44 

Spiroplecta11lmi1la biformis Parker & Jones, 1865 

Plate 8, Fig. 4 

Textlliaria agglutillans d'Orbigny var. biformis Parker & 
Jones, 1865, p. 370 

Subreophax adlmcus (Brady, 1882) 

Plate 3; Figs 22-23 
Reoplwx adll1lca Brady, 1882, p. 715 
Reophax adlmea Brady. - Brady, 1884, pp. 296-297, pI. 31, 

figs 23-2 

Sllbreophax gllttifer (Brady, 1881) 

Plate 3, Figs 12-14 
Reophax guttifer Brady, 1881, p. 49 
Reophax gllttifer Brady. - Brady, 1884, p. 295, pI. 31, figs 

10-15 

Techllitella legumen Norman, 1878 

Plate 2, Fig. 6 
Techl1itella legumen Norman, 1878, p. 79, pI. 16, figs 3-4 

T1lOlosilla bulla (Brady, 1881) 

Plate 1, Fig. 9; Plate 11, Fig. 1 
Placopsilina bulla Brady, 1881, p. 51 
Placopsilina bulla Brady. - Brady, 1884, p. 315, pI. 35, figs 

16, 17 

Tholosina vesicularis (Brady, 1879) 

Plate 11, Figs 2-4 

Placopsilina vesicularis Brady, 1879, p. 51, pI. 5, fig. 2 

Thurammina papillata Brady, 1879 

Plate 1, Figs 16-17 
Thurammina pap illata Brady, 1879, p. 45, pI. 5, figs 4-8 

Tolypammina vagans (Brady, 1879) 

Plate 2, Fig. 12 
Hyperammina vagans Brady, 1879, p. 33, pI. 3, fig. 5 

Troc1lammina antarctica Parr, 1950 

Plate 7, Figs 12, 22-23 
Trochammina antarctica Parr, 1950, p. 280, pI. 5, figs 1-2 

Trocha11lmilla ex gr. globigeriniformis (Parker & 
Jones, 1865) 

Plate 7, Figs 11, 13 
Litl/ola nautiloidea Lamarck var. globigeriniforl1lis Parker & 

Jones, 1865, p. 407, pI. 15, figs 46, 47 

Bronnimann & Whittaker (1988) regarded 
Trochalllmina globigerilliformis (Parker & Jones, 
1865) as nomen nudum, despite the fact that a 
lectotype established by Loeblich & Tappan (1964) 
and illustrated in the Treatise of Invertebrate 
Paleontology (figs 173-2a-c). For practical reasons 
we lump under the informal name Trochammilla ex 
gr. globigerilliformis all specimens of Troclwmmina 
with globular inflated chambers, four chambers in 
the last whorl, rather low trochospiral chamber 
arrangement and an interiomarginal aperture. 

Trochammilla ex gr. squamata Parker & Jones, 1860 

Plate 7, Figs 1-7 
d. Trochmllmina squamata Parker & Jones, 1860, p. 304 

We observe two distinctly different morpho types in 
our material. Specimens from abyssal stations in the 
Sargasso Sea (PI. 7, Figs 1-5) are very small, with a 
finely agglutinated wall with much pseudo
chitineous cement and a typically dark brownish 
color. Specimens from bathyal stations in the 
Baltimore Canyon area are much larger, more 
coarsely agglutinated, gray with somewhat 
inflated chambers (PI. 7, Figs 6-7). 

Trochammilla scotiaellsis (Bronnimann & 
Whittaker, 1988) 

Plate 7, Figs 8, 20-21 
ParatroclW11111lina (Paratrociza11lmina) scotiaensis 
Bronnimann & Whittaker. - Bronnimann & Zaninetti, 1984, 
p. 68 (nomen nudum) 

REFERENCES 
Altenbach, A.V. 1992. Short term processes and patterns in 

the foraminiferal response to organic fluxes. Marine 
Micropaleontology, 19, 119-129. 



282 

Altenbach, AV., & Sarnthein, M. 1989. Productivity record 
in benthic foraminifera.ln: Berger, W.H., Smetacek, V.S., & 
Wefer, G., (eds) Productivity of tlte Ocealls: Past alld 
Presmt. John Wiley & Sons Ltd., 255-269. 

Altenbach, A.V., UnsOld, G., Walger, E. 1988. The hydro
dynamic environment of Saccorlzizn ramosa (Brady). 
MeYllialla,40,119-132. 

Cartwright, N.G., Gooday, A.J. & Jones, AR. 1989. The 
morphology, internal organisation and taxonomic posi
tion of RJllzamlllina algaeformis Brady, a large, aggluti
nated deep-sea foraminifer. Journal of Forammiferal 
Research, 19,115-125. 

Christiansen, B. 1958. The foraminifer fauna in the Drobak 
Sound in the Oslo Fjord (Norway). Nytt Magasin for 
Zoologl, 6, 5-91. 

Christiansen, B. 1971. Notes on the biology of foraminifera. 
Proceedings, Troisieme Symposium Europeen de Biologie 
marille, Supplement, 22, 465-478. 

Denne, R.A. & Sen-Gupta, B.K. 1989. Effects of taphonomy 
and habitat on the record of benthic foraminifera in 
modern sediments. Palaios, 4/5, 414-423. 

Dugolinsky, B.K., Margolis, S.V. and Dudley, W.e. 1977. 
Biogenic influence on growth of manganese odules. jOlmzal 
of Sedimentary PeIrology, 47, 428-478. 

Embley, R.W. 1980. The role of mass transport in the distri
bution and character of deep-ocean sediments with 
special reference to the North Atlantic. Marine Geology, 
38, 23-50. 

Emery, K.O. & Uchupi, E. 1972. Western North Atlantic 
Ocean: Topography, rocks, structure, water, life and sed
iments. American Association of Petroleum Geologists, 
Memoir, 17, 1-532. 

Fuglister, F.e. 1963. Gulf Stream '60. in Progress in 
Oceanography, 1, 265-373. 

Gardner, W.D. & Richardson, M.J. 1992. Particle export and 
resuspension fluxes in the western North Atlantic. In: 
Rowe, G.T. and Pariente, V. (eds), Deep-Sea Food Chains 
and the Global Carboll Cycle. NATO-AS~ Series C, Kluwer, 
Dordrecht, 360, 339-364. 

Gooday, A.J. 1986. Meiofaunal foraminiferans from the 
bathyal Porcupine Sea bight (northeast Atlantic): size 
structure, stancfing stocks, taxonomic composition, species 
diversity and vertical distribution in the sediment. Deep
Sea Research,33, 1345-1373. 

Gooday, A.J. 1988. A response by benthic Foraminifera to 
the deposition of phytodetritus in the deep-sea. Natllre, 
332, 70-73. 

Gooday, A.J. 1990a. Recent deep-sea agglutinated 
foraminifera: a brief review. Ill: e. Hemfeben, M.A. 
Kaminski, W. Kuhnt and D.B. Scott (eds), Paleoecology, 
Biostratigraphy, Paleoceanography and TaxolJomy 'of 
Agglutinated Foraminifera. NATO-AS[ Series C, Kluwer, 
Dordrecht, 327, 271-304. 

Gooday, A.J. 1990b. Tinogulllllia rielllall1li sp. nov. 
(Allogromiina: Foraminiferidil), a new species associated 
with organic detritus in the deep-sea. Bulletin British 
Museum of Natural History (Zoology), 56, 93-103. 

Gooday, A.J. 1994. The biology of deep-sea forilminifera: a 
review of some recent advances ana their appliCiltions in 
paleoceanography. Palaios, 9,14-31. 

Gooday, AJ. & Haynes, J.R. 1983. Abyssal foraminifers, 
including two new genera, encrustmg the interior of 
Batlzysiplioll rustic!ls tubes. Deep-Sea Research,30, 591-
614. 

Gooday, A.J., & Lambshead, P.J.D. 1989. Influence of 
seasonally deposited phytodetritus on benthic 
foraminiferal populations in bathyal northeast Atlantic: 
the species response. Marine Ecology-Progress Series, 58, 
53-67. 

Gooday, A.J. & Turley, e.M. 1990. Resfonses by benthic 
organisms to inputs of organic materia to the ocean floor: 
a review. Philosophical Transactions of the Royal Society, 
A331, 119-138. 

Hermelin, J.O.R. & Scott, D.B. 1985. Recent benthic 
foraminifera from the central North Atlantic. 
Micropaleolltology, 31, 199-220. 

W. Kuhnt, E. Collins & D.B. Scott 

Kaminski, M.A. 1985. Evidence for control of abyssal 
agglutinated community structure by substrate distur
bance: Results from the HEBBLE Area. Marine Geology, 
66, 113-131. 

Kaminski, M.A., Grassle, J.F., & Whitlatch, R.B. 1988. Life 
History and Recolonization among Agglutinated 
Foraminifera in the Panama Basin. Ill: Gradstein, F.M., & 
Rogl, F. (eds), Second Intemational Workshop Oil 

Aggluthlllted Foraminifera, Vienna 1986, Proceedings.
Abhandlungen der geologischen Bundesanstalt (Wien), 
41, 229-244. 

Kaminski, M.A., & Schroder, e.J. 1987. Environmental 
analysis of deep-sea agglutinated foraminifera: can we 
distinguish tranquil from disturbed environments. Gulf 
Coast Sectioll SEPM Foulldation Eighth Annual Research 
Conference, selected papers alld illustrated abstracts, 90-
93. 

Klasik, J.A., & Pilkey, O.B. 1975. Processes of sedimentation 
of the Atlantic continental rise off the southeastern U.s. 
Marill~ Geology, 19, 69-89. 

Knauss, l.A. 1969. A note on the transport of the Gulf 
Stream. Deep-Sea Research, Supplement, 16, 117-123. 

Krasheninnikov, V.A. 1973. Cretaceous benthonic 
foraminifera, Leg 20, Deep Sea Drilling Project. Ill: 
Heezen, B. e., MacGregor, L D., et al., Initial reports of the 
DSDP, 20, 205-219. 

Krasheninnikov, V.A 1974. Upper Cretaceous benthonic 
agglutinated foraminifera, Leg 27 of the Deep Sea Drilling 
Project. In: Veevers, J. J., Heirtzler, J. R., et al., Initial 
Reports of the Deep Sea Drillillg Project, 27, 531 - 662. 

Kuhnt, W., & Kaminski, M.A. 1990. Paleoecology of Late 
Cretaceous to Paleocene deep-wa ter agglutinated 
foraminifera from the North Atlantic and western Tethys. 
In: e. Hemleben, M.A. Kaminski, W. Kuhnt, & D.B. Scott 
(eds), Paleoecology, Biostratigraphy, Paleoceano,?raphy and 
Taxonomy of Agglutinated Foraminifera. NATO-ASI 
Series C, Kluwer Academic Publishers, 327, 433-505. 

Kuhnt, W., & Collins, E. 1995. Fragile abyssal foraminifera 
from the northwestern Sargasso Sea: Distribution, 
ecology and paleoceanographic significance. hi: Kaminski, 
M.A, Geroch, S. & Gasinski, M.A. (eds), Proceedillgs of 
the Fourth illtemational Workshop 011 Agglutillated 
Foralllinifera. Grzybowski Special Publication, 3, 159-
172. 

Linke, P. 1989. Lebendbeobachtungen und Untersuchungen 
des Energiestoffwechsels benthlscher Foraminiferen aus 
dem Europaischen Nordmeer. Beric/lte aus dem 
SOllderforsclulIlgsbercicl/ 313, Universitat Kiel, 18, 1-123. 

Loeblich, A.R. & Tappan, H. 1987. Foramilliferal Genera and 
their classification. 1182 pp., Van Nostrand Reinhold 
Company. 

Loubere, P. 1989. Bioturbation and sedimentation rate con
trol of benthic microfossil taxon abundances in surface 
sediments: A theoretical approach to the analysis of 
species microhabitats. Manne Micropaleontology, 14, 
317-326. 

Loubere, P. 1991. Deep-sea benthic foraminiferal assemblage 
response to a surface ocean productivity gradient: a test. 
PaTeocealJography, 6, 193-204. 

Loubere, P. & Gary, A. 1990. Taphonomic process and 
species microhabitats in the living to foss if assemblage 
transition of deeper water benthic foraminifera. Palaios, 
5, 375-38l. 

Lutze, G.F. & Altenbach, A. 1991. Technik und Signifikanz 
der Lebendfarbung benthischer Foraminiferen mit 
Bengalrot. Geologisches Jahrbuch, A128, 251-265. 

Moullade, M., Kuhnt, W. & Thurow, J. 1988. Agglutinated 
benthic foraminifers from Upper Cretaceous variegated 
clays of the North Atlantic Ocean (DSDP Leg 93 and ODP 
Leg 103). In: Boillot, G., Winterer, E.L., et aI., (eds), 
Proceedings of the Ocean Drilling Program, Sciel1tific 
Reslilts, 103, 349-377. 

Mullineaux, L.S. 1987. Organisms living on manganese 
nodules and crusts: distribution and abundance at three 
North Pacific sites. Deep-Sea Research, 34, 165-184. 

Mullineaux, L.S. 1988a. Taxonomic notes on large aggluti
nated foraminifers encrusting manganese nodules includ-



DWAF Assemblages across the Gulf Stream: Distribution & Taphonomy 283 

ing the description of a new genus, CllOndrodapis 
(Komokiacea). JOllmal of Foraminiferal Research, 18, 46-
53. 

Mullineaux, L.S. 1988b. The role of settlement in structuring 
a hard-substratum community in the deep sea. Joumal of 
Experimental Marine Biology alld Ecology, 120, 247-26l. 

Richardson, P.L. 1977. On the crossover between the Gulf 
Stream and the Western Boundary Undercurrent. Deep 
Sea Research,24, 139-159. 

Richardson, P.L. & Knauss, J.A. 1971. Gulf Stream and 
Western Boundary Undercurrent observations at Cape 
Hatteras. Deep Sea Research,18, 1089-1109. 

Ring Group 1981. Gulf Stream cold-core rings: their physics 
chemistry, and biology. Science, 212,1091-1100. 

Sanders, H.L., Hessler, RR & Hampson, G.R 1965. An 
introduction to the study of deep-sea benthic faunal 
assemblages along the Gay Head-Bermuda transect. Deep 
Sea Research, 12, 845-867. 

Schmitz, W.J., Joyce, T.M.,Wright, W.R, & Hogg, N.G. 1987. 
Physical Oceanography. Ill: J. D. Milliman & W. R Wright 
(eds), The Manne Environment of the U.S. Atlalltic 
Continental Slope and Rise, Jones and Bartlett Publishers, 
Woods Hole, MS, 27-55 

Schmitz, W-J-J., Robinson, A.R & Fuglister, F.C 1970. Bottom 
velocity observations directly under the Gulf Stream. 
Science, 170, 1192-1194. 

Schroder, CJ. 1986. Deep-Water Arenaceous Foraminifera 
in the Northwest Atlantic Ocean. Canadian Tecllllical 
Report of Hydrography and Ocean Sciences. Atlantic 
Geoscience Centre, Bedford Institute of Oceanography, 
71, 1-19l. 

Schroder, CJ., Medioli, F.S. & Scott, D.B. 1989. Fragile 
abyssal foraminifera (including new komokiacea) from 
thl' Nares Abyssal Plain. Micropaleontology, 35, 10-48. 

Schroder, CJ.,Scott, D.B., Medioli, F.S., Bernstein, B.B. & 
Hessler, RR. 1988. Larger agglutinated foraminifera: 
comparison of assemblages from central Pacific and 
western North Atlantic (Nares Abyssal Plain). Journal of 
Foraminiferal Research, 18, 25-41. 

Schroder-Adams, CJ. 1990. High latitude agglutinated 
foraminifera: Prydz Bay (Antarctica) vs. Lancaster Sound 
(Canadian Arcttc). In: C Hemleben, M.A. Kaminski, W. 
Kuhnt, & D.B. Scott (eds), Paleoecology, Biostratigraphy, 
Paleoceanography and Taxonomy of Agglutinated 
Foraminifera. NATO-ASI Series C, Kluwer, Dordrecht, 
327, 315-343. 

Scott, D.B. & Hermelin, J.O.R. 1993. A device for precision 
splitting of micropaleontological samples in liquid sus
pension. JOllnzal oJ Paleontology, 67, 151-154. 

Scott, D.B. & Leger, G.T. 1991. Benthic foraminifers and 
implications for intraplate deformation, Site 717, distal 
Bengal Fan. In: Cochran, J.R, Stow, D.A.V. et ai., 
Proceedillgs of the Ocean Drilling Program, Scientific 
Results, 116, 189-206. 

Scott, D.B. & Vilks, G. 1991. Benthonic foraminifera in the 
surface sediments of the deep-sea Arctic Ocean. Journal of 
Foraminiferal Research, 21, 2D-38. 

Scott, D.B., Mudie, P.J., Baki, V., MacKinnon, K.D. & Cole, 
F.E. 1989. Biostratigraphy and late Cenozoic paleocean
ography of the Arctic Ocean: foraminiferal, lithostrati
graphic, and isotopic evidence. Geological Society of 
America, Bulleti11, 101, 260-277. 

Scott, D.B., Mudie, P.J., Vilks, G. & Younger, D.C 1984. 
Latest Pleistocene-Holocene paleoceanographic trends on 
the continental margin of Eastern Canada: Foraminiferal, 
dinoflagellate and pollen evidence. Mar i n e 
Micropaleo11tology, 9, 181-218. 

Tendal, O.S. 1979. Aspects of the biology of Komokiacea 
and Xenophyophora. Sarsia, 64,13-17. 

Tendal, 0.5., & Hessler, R.R 1977. An introduction to the 
biology and systematics of Komokiacea. Galathea Report, 
14,165-194. 

Thiel, H., Pfannkuche, 0., Schriever, G., Lochte, K., Gooday, 
A.J., Hemleben, C, Mantoura, RF.C, Turley, C M., 
Patching, J. W. & Riemann, F. 1989. Phytodetritus on the 
deep-sea floor in a central oceanic region of the northeast 
Atlantic. Biological Oceanography, 6, 203-239. 

Tucholke, B.E. 1987. Submarine Geology. 111: J.D. Milliman & 
W.R Wright (eds), The Marine Enviro11ment of the U.S. 
Atlantic Contine/ltal Slope and Rise, Jones and Bartlett 
Publishers, Woods Hole, MS, 56-113. 

Walton, W.R. 1952. Techniques for recognition of living 
foraminifera. Contributio11s to the Cushman Foundation of 
Foraminiferal Researclz, 3, 56-60. 

Warren, B.A., & Volkmann, G.K. 1968. Measurement of the 
volume transport of the Gulf Stream south of New 
England. Journal of Marine Research, 26, 110-126. 

Watts, D.R, & Johns, W.E. 1982. Gulf Stream meanders: 
observations on propagation and growth. JOllrnal of 
Geophysical Research,87, 8456-9476. 

Wightman, W. & Kuhnt, W. 1992. Biostratigraphy and 
paleoecology of late Cretaceous abyssal aggrutinated 
foraminifers from the western Pacific Ocean (DSDP 
Holes 196, 198A, and ODP Holes 800A, 801A). 
Proceedings of the Ocea11 Drilling Program, Scie1ltific 
Reslllts, 129, 247-264. 

------~~~~------



284 W. Kuhnt, E. Collins & D.B. Scott 

PLATES 

The illustrated specimens have not been removed from the SEM stubs; the stubs are deposited in the 
collection of the Centre for Marine Geology at Dalhousie University, Halifax N.5. (stub numbers 5/92-1 to 5). 

Plate 1. 1. AmmodiscllS cretacells, 004F, 2-3 em, st. no. 5/92/ I-I, x470; 2. Glomospirella sp., 016A, #18, st. no. 
91/1-28, x245; 3. Glo111ospirclla sp., 016A, #16, st. no. 91/1-29, x185; 4. Glomospira gordialis, 020F, 1-2 em, st. 
no. 5/92/1-8, x235; 5. Glomospira charoides, 020F, 1-2 em, st. no. 5/92/1-9, x185; 6. Glo111ospira charoides, 016, 
0-2 em (bulk), st. no. 91/1-37, x130; 7. Glomospira irreglliaris, 016F, 2-3 em, st. no. 5/92/3-19, x220; 8. 
Psammosphaera parva (attached to Hypera111milla eiongata), 020F, 1-2 em, st. no. 5/92/4-12, x180; 9. 
Tholosina bulla (attached to Rha bdam m i 11 a), 020F, 0-2 em (bulk-sample), st. no. 5/92/2-16, x95; 10. 
Psammosphaera fusca, 027F, 0-1 em, st. no. 5/92/4-10, x90; 11. Saccam111ina sphaerica, 004F, 0-1 em, st. no. 
5/92/1-30, x225; 12. Psa1111110sphaera parva, 016F, 4-5 em, st. no. 5/92/5-7, xl00; 13. Lagenammina 
diffiligiformis, 016F, 0-2 em (bulk sample), st. no. 5/92/3-6, x155; 14. Lagel1ammina tllblilata, 004F, 0-1 em, st. 
no. 5/92/1-16, x270; 15. Astrammina rara, 004F, 4-5 em, st. no. 5/92/2-8, x165; 16. Tizurammina pap illata, 
004F, 4-5 em, st. no. 5/92/2-9, x145; 17. Thllrammina pap illata, 020F, 0-2 em (bulk-sample), st. no. 5/92/2-17, 
x75. 

Plate 2. 1. Marsipella e/ongata, 020F, 5-6 em, st. no. 5/92/3-34, x40; 2. Riliza111mina indivisa or R. 
algaeformis, 004F, 0-1 em, st. no. 5/92/1-23, x205; 3. Rhabdammina aggilltissima, 027F, 0-1 em, st. no. 5/92/4-
11, x30; 4. Rhizammina algae form is, 027F, 1-2 em, st. no. 5/92/4-15, x80; 5. Jawlella aCllta, 020F, 5-6 em, st. no. 
5/92/5-1, x55; 6. Teclmitella legllmen, 004F, 1-2 em, st. no. 5/92/2-6, x130; 7. Kalmnopsis sp., 004F, 4-5 em, st. 
no. 5/92/2-11, x85; 8. Kalmnopsis sp., 027F, 2-3 em, st. no. 5/92/4-17, x80; 9. Kalamopsis sp., 027F, 2-3 em, st. 
no. 5/92/4-16, x65; 10. Kala11lopsis (?) sp., 016F, 0-2 em (bulk sample), st. no. 5/92/3-8, xl00; 11. Nodellu11l 
membrallacellm, 004F, 4-5 em, st. no. 5/92/2-10, x115; 12. Tolypammina vagans (initial portion with 
proloeulus), 016F, 3-4 em, st. no. 5/92/4-7, x85; 13. Saccorlziza ramosa (with proloeulus), 027F, 0-1 em, st. no. 
5/92/5-13, x110; 14. Saccorhiza ramosa (branching), 027F, 0-1 em, st. no. 5/92/5-14, x35; 15.-16. Hyperammina 
elongata, 004F, 0-1 em, st. no. 5/92/2-2,3, x175 (5.), x85 (6.); 17. Hypera11lmilla elongata, 020F, 1-2 em, st. no. 
5/92/4-12, x50; 18. Hyperal11mina elongata, 027F, 1-2 em, st. no. 5/92/4-14, x40; 19. Hyperammina laevigata, 
020F, 1-2 em, st. no. 5/92/4-13, x30; 20. Aschemonella ramuliformis, 004F, 0-1 em, st. no. 5/92/2-1, x25; 21. 
Aschemonella scabra, 007F, 8-9 em, st. no. 5/92/4-4, x30; 22. Aschemollclla catenata, 016F, 2-3 em, st. no. 
5/92/4-2, x50; 23. Sorosphacra consociata, 004F, 0-1 em, st. no. 5/92/1-31, x160; 24. Sorosphaera consociata, 
004F, 1-2 em, st. no. 5/92/2-5, x155; 25. Sorosphaera cOllsociata, 020F, 1-2 em, st. no. 5/92/1-10, x185; 26. 
Sorosphaera d. confllsa, 004F, 0-1 em, st. no. 5/92/1-32, x305; 27. Sorosphaera consociata, 020F, 1-2 em, st. no. 
5/92/1-11, x175. 

Plate 3. 1. Reophax gracilis, 004F, 0-1 em, st. no. 5/92/1-14, x120; 2. Reophax helenae, 004F, 0-1 em, st. no. 
5/92/1-15, x145; 3. Reophax helellae, 004F, 2-3 em, st. no. 5/92/1-2, xl00; 4. Reophax pilulifer, 020A, #28, st. 
no. 5/92/5-11, x30; 5. Reophax dentaliniformis, 007F, 1-2 em, st. no. 5/92/5-10, x50; 6. Reophax ilOrridus, 004F, 
1-2 em, st. no. 5/92/2-4, x60; 7. Reophax scorpillrlls, 004F, 0-1 em, st. no. 5/92/1-33, x85; 8. Reophax scorpiurus, 
004F, 0-1 em, st. no. 5/92/5-12, x65; 9-10. Reophax bilocularis, 004F, 0-1 em, st. no. 5/92/1-28,29, x65 (9.), x85 
(10.); 11. Proloeulus of Reophax biloclliaris or Lagcnnll1111ina sp., 016F, 0-2 em (bulk sample), st. no. 5/92/3-7, 
x260; 12. Subreophax gllttifer, 020F, 1-2 em, st. no. 5/92/4-1, x90; 13. Sul7reophax guttifer, 004F, 14-15 em, st. no. 
5/92/3-32, x90; 14. Sllbreophax guttifer, 004F, 18-19 em, st. no. 5/92/3-31, x70; 15. Hormosinella distans, 004F, 
0-1 em, st. no. 5/92/1-20, x45; 16. Pseudol1odosinella nod{llosa, 007F, 8-9 em, st. no. 5/92/4-6, x45; 17. Honnosina 
globulifera, 020F, 0-2 em (bulk-sample), st. no. 5/92/2-21, x75; 18. Hormosina globulifera (specimen showing 
overlapping chamber connections), 020F, 5-6 em, st. no. 5/92/3-33, x40; 19. Hormosina carpel1teri, 007F, 7-8 em, 
st. no. 5/92/4-3, x65; 20. ReophnllllS oviculus, 016F, 0-2 em (bulk sample), st. no. 5/92/3-5, x145; 21. Reophanus 
OViClllllS, 016F, 2-3 em, st. no. 5/92/3-17, x240; 22. Subreophax adunclls, 004F, 0-1 em, st. no. 5/92/1-17, x100; 23. 
Subreopizax adunclls, 004F, 0-1 em, st. no. 5/92/1-19, x95. 
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Plate 4. 1. AmmobaclIlites aggilltillans (mierospherie), 020F, 0-2 em (bulk-sample), st. no. 5/92/2-25, x25; 2. 
Am7l1obaclliites aggllltinnl1s (megalospherie), 020F, 0-2 em (bulk-sample), st. no. 5/92/2-26, x50; 3. 
Al1llllobaclIlites d. filiformis (streptospiral initial coil?), 020F, 1-2 em, st. no. 5/92/1-13, x230; 4. 
Amlllobaculitrs d.filiformis, 020F, 0-5 em (bulk-sample), st. no. 5/92/2-15, x175; 5. AlIlmobaculites d. 
filiformis, 016A, #16, st. no. 91/1-9, x285; 6. A1I1111obnclliites d.filifarmis, 016A, #16, st. no. 91/1-8, x295; 7. 
Am1l1abnclliites d.filiformis, 016A, #18, st. no. 91/1-11, x280; 8. Ammobaclliites d.filiformis, 016A, #18, st. 
no. 91/1-12, x140; 9. Ammobaclliites filiformis, 016F, 3-4 em, st. no. 5/92/4-8, x100; 10. AlIlmobaculites 
filifarmis, 016A, #18, st. no. 91/1-10, x95; 11. Eratidlls faliaceus (megalospherie ?), 020F, 1-2 em, st. no. 5/92/1-
5, x65; 12. Erntidlls foliaceus, 020F, 1-2 em, st. no. 5/92/1-4, x100; 13. Eratidlls foliaceus recurVllS, 016F, 0-2 em 
(bulk sample), st. no. 5/92/3-1, x105; 14. Eratidlls foliacells reCllrVllS, 016F, 2-3 em, st. no. 5/92/3-18, x145; 15. 
Discammilla (?) compressa, 016F, 0-2 em (bulk sample), st. no. 5/92/3-14, x145; 16. Discammil1a (?) compressa, 
016F, 0-2 em (bulk sample), st. no. 5/92/3-13, x95; 17. Eratidus foliaceus (small abyssal form), 004F, 2-3 em, st. 
no. 5/92/1-3, x165; 18. Discnmmilla (?) compressa, 016F, 0-2 em (bulk sample), st. no. 5/92/3-12, x115; 19. 
Am/l1olJaculites sp. 3 (=Discammina (?) c011lpressa), 016F, 2-3 em, st. no. 5/92/3-20, x75; 20. Ammobaclliites sp. 
3 (=Discammil1a (?) cOl71pressa), 016F, 2-3 em, st. no. 5/92/3-21, x80. 

Plate 5. 1. BlIzasilla ringeHs, 004F, 0-1 em, st. no. 5/92/1-26, x160; 2. Buzasina ringer/s, 020F, 0-5 em (bulk
sample), st. no. 5/92/2-12, x60; 3. Buzasilla galeata, 016, 0-2 em (bulk), st. no. 91/1-39, x70; 4. Blizasilln 
gnlentn, 016, 0-2 em (bulk), st. no. 91/1-38, x65; 5. Bllzasina galeata, 004F, 0-1 em, st. no. 5/92/1-21, x160; 6. 
BlIznsilla galentn, 004F, 0-1 em, st. no. 5/92/1-22, x285; 7. Bllznsil1a wiesneri, 020F, 1-2 em, st. no. 5/92/1-6, 
x180; 8. Bllznsilln wieslleri, 020F, 1-2 em, st. no. 5/92/1-7, x160; 9. Reticulophragmilll1l tru/lissatllll1, 016F, 0-2 
em (bulk sample), st. no. 5/92/3-4, x120; 10. Reticztlopllrngmilllll trullissat1l11l, 007F, 10-11 em, st. no. 5/92/3-24, 
xll0; 11-12. Reticlllopllrngmill111 pllsillllm, 016F, 0-2 em (bulk sample), st. no. 5/92/3-2 and 3, x145 (10.), x85 
(11.); 13. Haplaphragmoides rotlliatzmz, 007F, 10-11 em, st. no. 5/92/3-23, x95; 14. Haplaphragmoides bradyi, 
004F, 0-1 em, st. no. 5/92/1-27, x280; 15. Haploplzragmoides bradyi, 016A, #18, st. no. 91/1-21, x180; 16. 
Haplaphragmoides splweriloclllllS, 020F, 1-2 em, st. no. 5/92/3-26, x215; 17-18. Haplaphragmoides 
splzneri/ocullls, 016A, #16, st. no. 91/1-19, 18, x170 (16.), x295 (17.). 

Plate 6. 1. Cribrostomoides subglobosus, 020F, 0-2 cm (bulk-sample), st. no. 5/9212-19, x70; 2. detail of fig. I, 
aperture, x340; 3. Cribrostomoides subglobosus, 020F, 0-2 cm (bulk-sample), st. no. 5/9212-20, x70; 4. detail of fig. 
I, aperture, x455; 5. Recurvoides scitulus, 016F, 0-2 cm (bulk sample), st. no. 5/92/3-9, x133; 6. Recurvoides 
scitulus, 016F, 0-2 cm (bulk sample), st. no. 5/92/3-10, x150; 7. Recurvoides contortus, 016F, 0-2 cm (bulk sample), 
st. no. 5/92/3-11, x 150; 8. Recurvoides contortus, 016F, 2-3 cm, st. no. 5/92/5-9, x210; 9. Recurvoides contortus, 
016F, 2-3 cm, st. no. 5/92/5-8, xllO; 10-15. Dimorphism in abyssal Adercotryma glomerata (all specimens are from 
the same subsample HUD 89038-016A, 4654 m water-depth): 10-13. Elongate morphotype with distinct "terrazzo
type" agglutinated wall surface (microspheric?), magnifications: x 380 (10.), x 340 (11.), x 260 (12.,13.); 14-15. 
Subspheric morphotype with more randomly oriented agglutinated grains (macrospheric?), magnifications: x 320 
(14.), x 240 (15.). 

Plate 7. 1-7. Abyssal and bathyal morphotypes of the Trochammina squamata - group: 1-5. Small, brownish, thin
walled, finely agglutinated abyssal morphotype (Core HUD 89038-016, 4654 m water depth); 6-7. Large, gray, 
medium to coarsely agglutinated bathyal morphotype (Core HUD 89038-027, 2330 water depth); 8. Trochammina 
scotiaensis,004F, 1-2 cm, st. no. 5/9212-7, x385; 9. Trochammina ex gr. globigeriniformis, 016F, 5-6 cm, st. no. 
5/92/5-19, x140; 10. Trochammina antarctica, 020F, 1-2 cm, st. no. 5/92/3-29, x480; 11. Trochammina ex gr. 
globigeriniformis, 016F, 5-6 cm, st. no. 5/92/5-18, x160; 12. Trochammina scotianesis, 027F, 0-1 cm, st. no. 5/92/5-
17, x300; 13. Trochammina scotianesis, 027F, 0-1 cm, st. no. 5/92/5-16, x245; 14. Trochammina antarctica, 020F, 
1-2 cm, st. no. 5/92/3-27, x450; 15. Trochammina antarctica, 020F, 1-2 cm, st. no. 5/92/3-28, x480; 16. 
Trochammina sp. (attached to planktic foraminiferal test), 004F, 0-1 cm, st. no. 5/9211-34, x210; 17. Trochammina 
sp. (small), 004F, 0-1 cm, st. no. 5/92/1-24, x330; 18. Trochammina sp. (small), 004F, 0-1 cm, st. no. 5/9211-25, 
x230. 
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Plate B. 1. Cystammina pauciloculata, 020F, 0-5 em (bulk-sample), st. no. 5/92/2-13, x225; 2. Cystammina 
pallciloculata, 020F, 0-5 em (bulk-sample), st. no. 5/92/2-14, x500; 3. Textularia, 020F, 1-2 em, st. no. 5/92/1-12, 
x210; 4. Spiroplectammina bifonnis, 027F, 0-1 em, st. no. 5/92/5-15, x280; 5. Eggerella (?) advena, 027F, 10-11 
em, st. no. 5/92/3-22, x300; 6. Karrerulina apicularis (megalospherie?), 016F, 7-8 em, st. no. 5/92/5-6, x240; 7. 
Karrerlliina apicularis, 016A, #18, st. no. 91/1-30, x145; B. Karrerulina apicularis, 016, 0-2 em (bulk), st. no. 
91/1-33, x70; 9. Karrerulina apicularis (mierospherie?), 016F, 7-8 em, st. no. 5/92/5-5, x65; 10. Sigmoilopsis 
schlumbergeri, 020F, 10-11 em, st. no. 5/92/3-30, x65; 11. SipllOtextularia rolshauseni, 007F, 10-11 em, st. no. 
5/92/3-25, x140; 12. Pseudonodosinella (?) bacillaris, 020F, 0-2 em (bulk-sample), st. no. 5/92/2-22, x30; 13. 
Eggerella bradyi, 027F, 2-3 em, st. no. 5/92/5-4, x170; 14. Eggerella bradyi, 016F, 2-3 em, st. no. 5/92/3-16, x105; 
15. Eggerella bradyi, 016F, 2-3 em, st. no. 5/92/3-15, x70; 16. Karreriella bradyi, 027F, 2-3 em, st. no. 5/92/5-3, 
x65; 17. Karreriella novallgliae, 027F, 2-3 em, st. no. 5/92/5-2, x50; lB. Karreriella bradyi, 020F, 0-2 em (bulk
sample), st. no. 5/92/2-24, x60. 

Plate 9. Attached agglutinated foraminifers: morphogroup 1.- 1. Placopsilinella amantiaca; pusheore HUD 
89038-016F, 0-1 em; 2. Placopsilinella aurantiaca; pusheore HUD 89038-016F, 2-3 em; 3. Placopsilinella sp., 
pushcore HUD 89038-016F, 0-1 em; 4. Placopsilinella aurmltiaea, pusheore HUD 89038-016F, 2-3 em; 5. 
Placopsilillella auralltiaca; pusheore HUD 89038-016F, 0-1 em; 6. Placopsilinella aurantiaca; pusheore HUD 
89038-016F, 2-3 em; 7. Placopsiiinella confusa., pusheore HUD 89038-016F, 2-3 em; B. Placopsilinella confusa; 
pusheore HUD 89038-016F, 1-2 em. 

Plate 10. Attached agglutinated foraminifers: morphogroups 2 and 3.- 1. pusheore HUD 89038-016F, 1-2 em; 
2. Lagenammina tubuiata, pusheore HUD 89038-016F, 1-2 em; 3. pusheore HUD 89038-016F, 1-2 em; 4. 
pusheore HUD 89038-016F, 2-3 em; 5. pusheore HUD 89038-016F, 1-2 em; 6. pusheore HUD 89038-016F, 0-1 em. 

Plate 11. Attached agglutinated foraminifers: morpho groups 4 and 5.- 1. Thoiosil1a bulla, pusheore HUD 
89038-016F, 2-3 em; 2. TllOlosina vesicularis, pusheore HUD 89038-016F, 1-2 em; 3. Tholosil1a vesieularis, 
pusheore HUD 89038-016F, 2-3 em; 4. TllOlosina vesicularis, push core HUD 89038-016F, 2-3 em; 5. 
Subreophax adul1Clls, pusheore HUD 89038-016F, 0-1 em; 6. Sllbreophax(?) sp., pusheore HUD 89038-016F, 0-1 
em; 7. Subreophax adllneus, pusheore HUD 89038-016F, 1-2 em; B. Subreophax aduncus, pusheore HUD 89038-
016F, 0-1 em. 

Plate 12. Attached agglutinated foraminifers: morphogroups 6 and 7.- 1. Dendrophrya(?) sp., pusheore HUD 
89038-016F, 0-1 em; 2. push core HUD 89038-016F, 0-1 em; 3. pusheore HUD 89038-016F, 0-1 em; 4. 
Dendrophrya(?) sp., pusheore HUD 89038-016F, 0-1 em; 5. Ammolagella clavata, pusheore HUD 89038-016F, 
0-1 em; 6. Ammolagena clavata, pusheore HUD 89038-016F, 1-2 em; 7. Ammolagena clavata, pusheore HUD 
89038-016F, 0-1 em; B. Ammolagena clavata, pusheore HUD 89038-016F, 2-3 em; 9. Ammoiagena clavata, 
pusheore HUD 89038-016F, 0-1 em. 
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