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Kurzfassung

Anhand der Untersuchungen von Multinetzfangen (63 pm Maschenweite) wurde in der
vorliegenden Arbeit die Verbreitung unterschiedlicher Arten der planktischen Foraminiferen in
polaren Gebieten: der Labrador-, Gronlandsee und der Framstral’e anaysert. Die
Zusammensetzung der Artengemeinschaft wird in diesen Regionen in erster Linie durch die
Temperatur in unterschiedlichen Wassermassen kontrolliert, wobel hauptsachlich sechs Arten
auftreten: links- und rechtsdrehende N. pachyderma, T. quinqueloba, G. bulloides, G. glutinata
und G. uwula Die Anwendung der kleinmaschigen Multinetze fihrte zu einem niedrigeren
Temperaturoptimum der dominanten Arten Neogloboguadrina pachyderma (sinistral) und
Turborotalita quinqueloba als fiir die GroRenklassen >200 pm beschrieben wurde. Die Anderungen
der horizontalen und vertikalen Verbreitung von N. pachyderma (s.) und T. quinqueloba sowie der
Vertellung der mittleren Gehdusegrof3e wird in der Untersuchungsregion neben den
hydrographischen Parametern in erster Linie durch die synchrone Reproduktion in Abhangigkeit
von dem Lunarzyklus beeinfluf¥. Die Untersuchung von Proben, die mit einer ausreichenden
zeitlichen Auflésung in der Labrador See genommen wurden, ergab jeweils eine semilunare und
lunare Periodizitét fur N. pachyderma (s.) und T. quinqueloba. Das Auftreten von Individuen mit
einer Kimmerkammer und einer sekundaren Kalzifizierung in den spéteren Entwicklungsstadien
folgte dem Reproduktionszyklus beider Arten.

Die zum ersten Mal durchgefiihrte detailerte Untersuchung des | sotopensignals in Abhangigkeit
von Grof3e und Gewicht bei N. pachyderma (s.) aus Planktonfangen ergab, dal3 das Gewicht und
somit der Grad der Kalzifizierung nicht die priméren Faktoren sind, die das | sotopensignal der
verkrusteten N. pachyderma (s.) kontrollieren.

Derd®O-Vitaeffekt wird in erster Linie durch der thermische Schichtung der Wassersaule
verursacht, wahrend der d*C-Vitaleffekt stark durch den Verlauf der ontogenischen Entwicklung
bestimmt wird. Der groRenabhéngige Verlauf der d*C-Werte von N. pachyderma (s.) folgt der fur
planktische Foraminiferen typischen logarithmischen Wachstumskurve. In der Framstral3e (80°N)
durchgefihrte I sotopenuntersuchung an der symbiontentragenden Art T. quinqueloba zeigten einen
zustzlichen EinfluR der Symbiontenaktivitét auf das d**C-Signal dieser Art.

Die bei der Untersuchung des d*®O:d™*C-Zusammenhangs von N. pachyderma (s.) festgestellte
Steigung von 0.32 wurde in der vorliegenden Arbeit benutzt um die Vitaleffekte fir beide Arten zu
berechnen. Dabei wurde ein relativ geringer d*®O-Vitaeffekt gegeniiber den zu erwartenden
Gleichgewichtswerten vom anorganischen Kalzit von -0.5 bis-0.7 %o fur N. pachyderma (s.) und
-0.8 %o fur T. quinqueloba berechnet. Der d**C-Vitaleffekt gegentiber o°Cc, lag bei -1.7 bis-2.1
%o fir N. pachyderma (s.) und bei -2.5 %o furr T. quinqueloba. In Ubereinstimmung mit friiheren
Arbeiten wurde festgestellt, dal3 die beiden Arten innerhalb eines engen Temperaturbereiches
kalzifizieren. Der Aufbau der Kalzitkruste erfolgt vor dem Absinken in tiefere Wasserschichten (in
der Regel in 100-200 m Tiefe) und kann in Abhéngigkeit von den Reproduktionszyklus der
jeweiligen Art zwischen den oberen 0-50 m und 50-75 m variieren.

Flr die im atlantischen Wasser des Westspitzbergenstroms (80°N) gemessenen | sotopenwerte
von N. pachyderma (s.) und T. quinqueloba, die sich auf}erhalb des Gleichgewichts mit dem
umgebenden Wasser befanden, wurde eine Kalzifizierung bel ca. 2.5°C héheren Wassertemperatu-



ren festgestellt, was fUr die Advektion beider Arten aus niedrigeren Breiten spricht.

Bel dem entlang des 80°N-Transekts in der Framstral3e durchgefhrten Vergleich zwischen dem
Isotopensignal von N. pachyderma (s.) in der Wassersdule und in den Oberflachensedimenten
wurden jeweils 0.2 %o und 0.3 %o hthere d"®O- und d"*C-Werte in den Sedimenten festgestellt.



Abstract

With the examination of multinet catches (63 pum mesh size), the present study analyzes the
distribution of planktonic foraminiferain Polar regions: the Labrador Sea, Greenland Sea at 75°N
and Fram Strait at 80°N. The community of the planktonic foraminifera, which in the study area
mainly consists of six species: left and right-coiling N. pachyderma, T. quinqueloba, G. bulloides,
G. glutinata and G. uvula, is primarily controlled by the temperature in the different water masses.
The use of small mesh multinets led to a slightly lower temperature optimum of the dominant
species. Neogloboquadrina pachyderma (sinistral) and Turborotalita quinqueloba than what had
been described for the size classes >200 um.

Besides hydrographic parameters, the changes in the horizontal and vertical distribution of N.
pachyderma (s.) and T. quinqueloba as well as their shell size distribution in the study area are
primarily influenced by the synchrone reproduction, which is coupled to the lunar cycle. The
examination of samples taken with sufficient temporal resolution in the Labrador Seaindicated N.
pachyderma (s.) and T. quinqueloba to respectively show a semi-lunar and lunar periodicity. The
occurence of kummerform phenotypes and secondary calcification in the later development stages
followed the reproductive cycles of both species.

Detailed examinations of the isotope signal in dependency of the shell size and weight for N.
pachyderma (s.) from plankton tows, indicated the weight or degree of calcification to not be the
primary factor controlling the isotope signal of encrusted specimens.

The d*0 vital effect is primarily caused by the therma sratification of the water column,
whereas thed"C vital effect mainly results from the ontogenetic development. The size dependent
course of d”*C values of N. pachyderma (s.) follows the typica logarithmic growth curve of
planktonic foraminifera. Examinations of the symbiont-bearing species T. quinquel oba conducted
in the Fram Strait (80°N) indicated an additional influence of symbiontactivity on the d**C signal of
this species.

Upon examination of the d**O:d*C disequillibrium, the established slope of 0.32 was used in
the present study to calculate the vital effects for both species. A relatively low d*®0 vital effect
compared to d*®O values of inorganic calcite precipitated in equillibrium with ambient sea water
was thus calculated: at -0.5to -0.7 %o for N. pachyderma (s.) and -0.8 %o for T. quinqueloba. The
d°C vitdl effect relativeto d*C, was at -1.7 to -2.1 %o for N. pachyderma (s.) and at -2.5 %o for
T. quinqueloba. In agreement with previous studies, it has been established that both species
calcify within a narrow temperature range. The secondary calcification occurs before the sinking
into the deeper water layers (as arule into 100-200 m depth) and may vary between the upper 0-50
m and 50-75 m in response to the reproductive cycles.

In the West Spitzbergen Current (80°N) measured isotope values of N. pachyderma (s.) and T.
quinqueloba were out of equilibrium with the surrounding water. A calcification at 2.5 °C higher
temperatures was assumed, indicating the advection of planktonic foraminiferafrom lower lati-
tudes.

Theisotope signal of N. pachyderma (s.) in plankton tows from the Fram Strait (80°N), showed
agood match with surface sediments, where the d*®O and d**C values were higher by 0.2 %o and
0.3 %o, respectively.
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Introduction

1. Introduction

Planktonic foraminifera are drifting passively in oceanic currents as part of the marine
protozoan plankton. The hydrologic conditions in the water masses control the distribution of
different species among the currents as well as the stable i sotope composition (d**0 and d¢**C)
of their cacite shells. Based on this, many paleoceanographic studies use the species
composition and isotope signal of fossilsto determine the temperature, salinity and productivity
of the past oceanic surface layer.

In order to interprete foraminiferal datain sediment records, the first calibrations between the
surface currents and foraminiferal assemblage in the North Atlantic and Arctic regions were
limited to size classes > 200 um (Be & Tolderlund, 1971; Stehmann, 1972; Vilks, 1975),
resulting in the presentation of a temperature dependent spread pattern of planktonic
foraminifera (Be & Tolderlund, 1971). Recent research, which examined smaller size classes,
however shows that different development stages and size classes may have a different depth
distribution, indicating alack of correlation between surface temperatures and foraminiferal
assemblage (Carstens & Wefer, 1992; Jensen, 1998). Additionally, local influences like ice
coverage and surface hydrography may lead to a change of the abundance and depth at which
planktonic foraminiferalive (Carstens et al., 1997; Volkmann, 2000a). Many questions remain
concerning the reproduction of planktonic foraminifera at high latitudes, but several findings
indicate it to be similar to that of tropical species (Carstens, unpublished data; Volkmann,
2000a), being tied to the lunar cycle (Be & Anderson, 1976; Spindler et al., 1979; Almogi-
Labin, 1984; Bijma et al., 1990a). The survey of tempora and spatial variations in the
distribution of the dominant species Neogloboquadrina pachyderma (sinistral) and Turborotalita
quinqueloba isthe focus of thiswork. Special emphasisis put on how the vertical, horizontal
and size distribution of these species reflect the environmental conditions of their life habitat.
The knowledege of these species-specific living and calcification depths hereby gained will
primarily be used in the interpretation of the isotope signal from their calcite shells (Emiliani,
1954; Duplessy et a., 1981b; Berger, 1981).

The oxygen isotope composition in the foraminiferal shellsis dependent upon calcification
temperature and d**O composition of the seawater (Urey, 1947; Epstein et al., 1951). The d**O
composition of seawater is determined by salinity (Craig & Gordon, 1965). Therefore the d**O
values of foraminiferal shells allow conclusions on temperature, d**0 and salinity in the habitat
depth of each species. The carbon isotope values of planktonic foraminifera are controlled
by thedC,,. (Dissolved Inorganic Carbon) in seawater (Berger et al., 1978; Bouvier-
Soumagnac & Duplessy, 1985; Spero, 1992). The d“*C,,. is mainly influenced by biological
processes and air-sea CO, exchange (Broecker & Peng, 1982; Lynch-Stieglitz et al., 1994).
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Due to nutrient depletion and preferential C'2-uptake (relative to C**) during photosynthesis, the
d®C,,. values correlate inversely with nutrient concentrations. Because the photosynthetically
fixed carbon is decomposed by bacteria activity, the d**C of planktonic foraminiferareflect the
nutrient concentrations and ventilation of the surface water.

The isotopic composition of foraminiferal shellsin the water column often show a deviation
from d*®O and d"*C which will be expected for inorganic calcite in thermodynamic equilibrium
with seawater. This species-specific vital effect (Urey et a., 1951), caused by both ontogenetic
development and hydrographic parameters, has been documented several times already for N.
pachyderma (s.) and T. quinqueloba in the high latitude North Atlantic and Arctic Ocean
(Kohfeld et al., 1996; Kohfeld, 1998; Bauch et al., 1997, 1999; Simstich, 1999; Volkmann,
2000b). The survey of the ontogenetic component of this vital effect for N. pachyderma (s.)
and T. quinqueloba grouped by size, weight and degree of cacite encrustation is another
emphasis of this study.

1.1 Oceanography of the Study Area

Thiswork presents the results of plankton net samples from the Labrador Sea, centra
Greenland Sea and the Fram Strait. Figure 1 shows the most important surface currentsin the
study area and the geographic location of the multinet stations.

The surface current system in the survey areais characterized by the thermohaline circulation
from the North Atlantic into the Nordic and Labrador Seas. The relatively warm and saline
Atlantic water masses are being transported via the North Atlantic Current and the Norwegian
Current (T ~ 6-10°C, S~ 35.2 psu) into the Iceland and Norwegian Seas and via the West
Spitzbergen Current (T ~3°C, S ~35.0 psu) into the Greenland Sea and Fram Strait. A part of
the West Spitzbergen Current, which dividesinto two branches off the Spitzbergen coast,
enters the Arctic Ocean as Subpolar Intermediate Water. The second part cools upon meeting
the cold and less saline Arctic East Greenland Current (T ~ -1.5°C, S~ 32.0 psu) and forms a
layer beneath the East Greenland Current only to flow back south as the Return Atlantic Current
(Quadfasel et al., 1987; Koltermann, 1987).

The East Greenland Current, which flows south along the Greenland shelf, constitutes the
western boundary current of an anticyclonic current system dominating the Greenland Sea
circulation. A new water mass is the result of the mixing of Atlantic and Polar water masses in
the Greenland Sea gyre, named Arctic Intermediate Water (T < 2°C, S~ 34.7-34.9 psu) due to
their location. The differences in temperature and sdlinity between the Greenland and
Norwegian Seas result in the formation of hydrographic fronts in these regions. The blending
areas restricted by these fronts are known as domains (Swift, 1986).
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Figure 1: Schematic presentation of the shallow circulation of the investigations area. (e)
Locations of the multinets. Dark arrows denote the cold low-salinity currents, light arrows: warm
and saline currents. NAC: North Atlantic Current, NC: Norwegian Current, WSC: West Spitzbergen
Current, RAC: Return Atlantic Current, EGC: East Greenland Current; JMC: Jan Mayen Current,
EIC: East Icelandic Current; I1C: Irminger Current; WGC: West Greenland Current; LC: Labrador
Current. Modified from Dietrich et a. (1975).

The East Greenland Current turns to a northwesterly direction a the southern tip of the
Greenland coast, mixing with the Irminger Current (T > 5°C, S» 35.0 psu), which is the second
branch of the North Atlantic Drift to transport warm and more saline water to the northwest.
These two currents form the West Greenland Current (T ~ 2°C, S ~ 31-34 psu), reaching into
the Davis Strait and Baffin Bay. The West Greenland Current is being compensated in the west
of the Labrador Sea by the Labrador Current (T ~ 0°C, S~ 30-34 psu), which flows southward
off the Labrador coast. The Labrador Current transports cold and less saline water as far as the
Newfoundland area, blending at the Grand Banks with the warm and highly saline waters of
the Golf Current (Lazier, 1973; Lazier & Wright, 1992).
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2. Material and Methods
2.1 Multinet Samples and Hydrographic M easurements

The investigated plankton samples were collected using a Hydrobios multinet tow (63 um
mesh size) with depth intervals of 0-50, 50-100, 100-200, 200-300 and 300-500 m. Table 1
lists the positions of the multinet stations taken during the summer months in the course of the
following expeditions:

Cruise Area Y ear
Meteor M 39/4 Labrador Sea 1997
Polarstern ARK XV/1 Greenland Sea (75°N) 1999
Polarstern ARK XV/2 Fram Strait (80°N) 1999

During the Polarstern cruise ARK XV/1+2, in addition to the multinet stations, water
samples were taken using the CTD rosette from depths of 0, 25, 50, 100, 200, 300, 400 and
500 m for thed™®O, d"*C and nutrient measurements. The SiO, concentrations were determined
on board using the photometer (model UV 150-01) according to Koroleff (1976) and were
expressed in uM/I. In order to determine the chlorophylla concentrations (chla), 1 to 2 litres of
water from depths of 0, 25, 50, 75, 100, 130, 160 and 200 m were filtered using a GF/F filter

(225 mm) at < 0.3 bar pressure. The filters were stored until the extraction with 90% acetone

(8-10 ml) at -20°C. The chla concentrations were measured fluorometrically (fluorometer
model AU-10) and expressed in pg/l.

The multinet samples were conserved on board using denaturalized 90% ethanol and kept
cool (4°C). Before further treatment, the > 500 um fraction was removed from the samples
using asieve. As arule, the foraminifera were picked out of the sample by using a glass
pipette. Samples with a lot of materia were split using a plankton splitter prior to the
foraminiferaremoval process. In order to distinguish between "living" (cytoplasm-full shells)
and "dead" (cytoplasm-empty) individuals after drying the samples, the foraminiferal shells
were dyed isotope neutral using rose-bengal-seawater solution (1g/100 ml). The samples were
then rinsed using destilled water and dried at room temperature for about 24 hours.

The counting and dividing into size classes were done using a ZEISS binocular with an
ocular scale at magnification = 100 (interval = 23.2 um). The species identification was done
using the concepts of Kennett & Srinivasan (1983) and Hemleben et al. (1989). The abundance
of planktonic foraminiferawas calculated as individuals per cubic metre (Ind«m®). For this, the

number of foraminiferaat each depth interval isdivided by the filtered water volume.
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In order to calculate the filtered water volume, the size of the multinet opening (0.5~ 0.5 m)
was multiplied with the length of the sample interval (m).

Table.1: Multinet sampling locations (Fig.1).

Cruise Station Date Time (UTC) Latitude Longitude  Water depth (m)
M 39/4 352 12.07.97 08:30 56°16.5’N  48°41.9W 3716
357 14.07.97 04:30 53°26.I'N  50°04.0W 3533
361 15.07.97 00:30 52°524'N  51°31.8W 1691
366 19.07.97 06:40 57°40.'N  56°32.0'W 3019
376 23.07.97 18:00 58°30.2N  50°34.5W 3552
381 25.07.97 22:00 59°03.1'N  43°30.1'W 1707
402 30.07.97 2345 48°51.4N  44°38.7'W 1573
404 31.07.97 07:00 49°27.8' N 44°03.0W 3845
ARK XV/1 18 11.07.99 07:10 7T4°59.7N  12°439'W 647
19 11.07.99 10:00 T4°599°N  12°335'W 647
25 11.07.99 22:20 75°00.0N  10°36.0W 3082
30 12.07.99 13:20 75°00.I'N  07°23.8W 3426
37 13.07.99 13:00 75°00.3N  03°33.2°W 3353
43  14.07.99 05:05 75°00.0N  00°214'E 3793
51 15.07.99 04:50 75°009'N  05°08.9E 3314
63 16.07.99 09:05 7T4°599°'N  10°37.7E 2545
66 16.07.99 17:15 75°004'N  12°33.6'E 2190
ARK XV/2 77 25.07.99 22:45 80°10.'N  03°48.3'E 1441
78  26.07.99 05:35 80°08.7”N  02°53.2'E 1992
79 26.07.99 10:35 80°09.6'N  02°00.8'E 2016
80 26.07.99 15:10 80°08.5'N  01°05.7'E 2854
81 26.07.99 21:35 80°11.9N  00°19.6'E 3000
82 27.07.99 05:00 80°06.4'N  01°28.8'W 2848
83 27.07.99 16:05 79°595N  03°31.3W 2290
84 27.07.99 22:55 79°56.0N  05°06.1'W 1150

Biometric analyses of the species N. pachyderma (s.) and T. quinqueloba were done with a
ZEISS binocular at max. ~ 200 magnification (interval = 11.4 pm), measuring in each case the
longest diameter on the umbilical side of the shells. For each specimen the existence of a
kummerform chamber and the degree of calcification was noted. The results are presented as
the relative frequency. In order to describe the size distribution, the arithmetic mean, the stan-
dard deviation and the standard error are presented as well. The deviation from the Gaussian
distribution and significance of the results was carried out through a variance ranking analysis
by the Kruskal-Wallis method using the statistic program Stat View 4.5.
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2.1.2 Foraminiferal Shell Mass and Stable | sotope Analysis

The weight of N. pachyderma (s.) sampled in the Labrador Sea was determined using an
ultra precision scale (Sartorius Supermicro S4, precision: +/- 0.1 um). At stations with
sufficient material (st. 361, 402 (0-50 m)), the shells were divided into different degrees of
calcification: nonencrusted, encrusted and heavily encrusted and classified according to size.
Severa shells of one calcification and size class were weighed together in order to calculate the
average weight per shell. Specimens >250 um were weighed individually.

Following the biometric analyses, N. pachyderma (s.) and T. quinguel oba were examined
with regard to stable oxygen and carbon isotopes. Prior to isotope analyses, the foraminiferal
shells were roasted under vacuum at 200°C for one hour in order to oxidize of organic sub-
stance. Dependent on the shell size, 2-50 specimens per size class were picked for the isotope
measurement. The stable oxygen and carbon isotopes were measured using a MAT 251
Finnigan mass spectrometer (Dr. H. Erlenkeuser, Leibniz Labor, University of Kiel) and are
given in the conventional d notation (%o PDB). The analytical precision for d**0 was 0.08 %o
and 0.05 %o for d"*C. This was achieved at a carbonate mass of 7 ug CaCO, (Dr. H.
Erlenkeuser, pers. communication).

The stable isotope analysis of water samples (d**Q,, and d**C,..) for the expedition ARK
XV/2 was carried out at the Leibniz Labor (Dr. H. Erlenkeuser). The analysis of water samples
was done using a MAT 251 mass spectrometer. For a detailed method description, see
Erlenkeuser et al. (1999). The accuracy was at 0.07 %o for d**O,, and 0.05 %o for d**C,..

For the Labrador Sea data (M 39/4), the d®O values of the sea water were predicted using
thed®Q,/sdlinity relationship of Wu & Hillaire-Marcel (1994):

60, .quow = -17.8 + 0.51* S; 1 2= 0.96 1)

In order to predict the d*°C,,. values of the examined stations, the relationship between PO,
concentrations and dC,,. was used:

d°Cp,c= 1.93- 1.02* (PO,) ; r°=0.91, n= 30 )

This relationship was determined for several stationsin the Labrador Sea using the measured
d“Cp,c (Dr. H. Erlenkeuser, Leibniz Labor) and PO, concentrations.

2.1.3. Water Column 8O, and °Cq,

The oxygen equilibrium calcite values were calculated according to O"Neil et al. (1969) and
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Shackleton (1974):
d*Og, = [21.9- 3.16 * (31.061+ T)*°] + d*°Q, (3)

The conversion factor between d'°Q,, from the V-SMOW to the V-PDB scale is according to
Bemiset a. (1998):

6°0, ppp) = 0.9998 * d0, . yomy - 0-2 %o (4)

The d"™C of planktonic foraminiferawas compared with the d**C of inorganic calcite formed
in equilibrium with seawater. According to Romanek et al. (1992), the inorganic calcite in equi-
librium to the seawater (d*°Cy,) is 1%o heavier thand”Cy:

d®Cq, = d®Cpc + 1.0 %o (0.2 %o) (5)
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3. Results

The following chapters will give an overview of the hydrographic setting as well as the
foraminiferal composition in different current regimes. Afterwards, the horizontal, vertical and
size distribution of N. pachyderma (s.) and T. quingueloba will be presented, before the results
of the examination of stable isotopes will be portrayed.

3.1. Labrador Sea: Hydrographic Setting and Total Foraminiferal Distribution

The examined eight stations (Table 1) were located in different current regimes of the
Labrador Sea (Figure 1), which were ice free during the sampling period. Despite different
locations, most of the stations showed dight differences regarding temperature and salinity in 0
to 500 m (Figure 2a).

Stations located in the Labrador Current (st. 361, 366, 402) showed low salinities, ranged
from 33.8 to 34.8 psu and the lowest temperatures (3.2-7.6°C), except for the surface
temperature at station 402 (9.8°C), which was due to summer warming. Higher salinities (34.5-
34.9 psu) and temperatures (3.1-8.6°C) than in the Labrador Current were found in the
Convection Areaof the Labrador Sea (st. 352, 376) and at station 357 (S=34.3-34.9 psu,
T=3.2-9.5°C), which isatransitional station. The highest salinities (34.8-35.0 psu) and rela-
tively high temperatures (4.3-8.5°C) were found at station 381, which was located in an area
where the East Greenland Current mixes with the Irminger Current, showing the properties of
the Atlantic water. The highest temperatures (5.5-12.7°C) were found at station 404. This
station was located in the North Atlantic Current and was characterized by large vertica
gradients in temperature and salinity. The salinity, which was very low at the surface (33.5
psu), varied between 34.8-35.4 psu below 50 m depth.

The base of the thermocline (according to Hastenrath & Merle, 1987) was usually located at
100 m depth. At stations 352 and 402 the base was already at 50 m depth (Figure 2a).

The nutrient concentrations (Figure 2b) showed relatively large vertical gradients and ranged
from 0.1to 1.2 uyMPO /I, from 0 to 17 pMNO,/l and from 0.3 to 11.3 pM SiO,/I in 0-500 m.
Stations 352, 357, 381 and 402 showed higher NO, concentrations in the upper 0-50 m (6.9-
8.0 uM/1), than stations 361, 366, 376 and 404 with a maximum of 4.6 uM NO./I. Higher
SiO, concentrations were found at stations 352, 357 (4.2 and 4.8 uM/I), while the slicate
concentrations at other stations ranged from 1.4 to 2.5 uM/I.



Results

‘uwin|jod J/remoayl JO W 009
0108y} Ul uonIsodwod [ese}iulueIo) 8fieBAY (2) *APNIS SIUI Ul PBSN SUOIEIS Jeu N 8y} Jo} (L66T ‘Us!eIN) "Od Pue®ON OIS Jo suoienusouo) () *(v/6€
IN 8s1n10) 89S Jopelde 8y} Ul (ul| panop) A)ulfes pue (ul| pijos) ainfeiedws) ‘(Sked) souepunde [eJo}iuiuieio) 9in|osae Jo uoingiisip yideq (e) :za.nbi4

so10ads soyi1o M ! . 005
('p) ewepAyoed'N = > : I I - oop
. 7 2 4
=poirgo S g .
eleu __H_J_@w “_ N : +++++ ..++........+ mmm I I - 00E nm.
S ,. S =
ego _OSUC _SUFE [t / e b L L bty L - L 002 3
e oy N =
('s) ewepAyoed N B EEEzE
—F.—..—..—..—..—. - r I OOH
RS ; 05
o+ ff.—..—..—..—..—..—..—..—.\.., 4 - - L
YOy <cOr 18€ 9/& 99 T9€ [SE <CSE 2 ST T S0 0 02 ST O & O 02 ST OT G O
uol
so10eds Y10 [ s () (iyr)od (/) oN (rryoss (a)
eqopnbuinb] &
('s) ewepAyoedN
Dol Dol Dol Dol Dol Dol Dol Dol
€ 0L L ¥ T ez € 0o L ¥ T ¢ € o . ¥ T Z¢€ 0 . ¥ T 2 € 0 L ¥ T 2 € 0 L ¥ T ¢T€ 0 . ¥ T Z¢€ 0 L v T 2z
(nsd) § (nsd) g (nsd) § (nsd) § (nsd) § (nsd) g (nsd) g (nsd) g
SSE SVE SEE G7E STEGSE SVE SEE G2€ STEGSE GvE GEE G2 STEGSE GVE G€e G2€ STEGSE GvE Gee G2 STEGSE GVE €6 G2 STE GSE SvE Gee G2 STESSE G¥E Gge e STe
o -
gy [
il B erep
o -
: o

7
e
.

=
£
R

o

Et

k.

o

T
|
|
'
'
'
'
1
i
\
P
1
\
\
'
'
\
i
|
'
'
i

; 005
'

_“ o
" ooe §
" oy
_ =
_ 00z 3
, N—r
," 00T

\ 05

1ep ou \ \ |
N s , \ ) , - 0
09¢ [0) 74 ot 0 09¢ ove octT 0 09€ ove ot 0 09g ove ozt 0 09€ ove ot 09¢ ove octT 0 09€ ove octT ove (074 0
e * puy e * pup e * puy e * pup P * pup e * pup e * pup e * puy
1407485 cor's T8ES 9/€ 99g’s T9E'S PASTONS) PASTON S
waInD walIND Baly ealy

2NUR 1Y YLON lopelige PaXIIA UO199AUOD ua.IND Jopelge feuonsue.l | UOI199AU0D (®)



Results

QU
Lot e
% oo oo

e e ]
K
NN

tE

o
L

o
o L
: : bt bt
o

s
S
S
S
S
S
e
S

o

il
E
e

e

e

X
h
o

e
o
!

T
hbe)
+

+

o

o
o
bty

o
o
bty

o
bty

o
bty
o

e
Lty

ety

bty

o

o
e

)

e

e

e

S
e
bbbt

S
£
S
S
e
)
S
S
by
e

e

+
i

+

o

e

+

S
s
i
i
S

(b) ;

N. pachyderma s.) » m™ N. pachyderma (s.) m3 N. pachyderma (s.) x m3 N. pachyderma (s.) x m3

0 12 24 36 24 36 0 12 24 % 0 12 24 36
O 1 1 1 1 1 1 1 1

0 12
504
100+
T 200
S
g 300
©
0 5

0 5 10 15 o0

0 15 0 0 5 10 15 0 0 5 10 15 29

% of standing stock % of standing stock % of standing stock % of standing stock
(C) T. quinqueloba m3 T. quinqueloba m3 T. quinqueloba m3 T. quinqueloba m3
0 12 24 36 0 12 24 36 0 12 24 36 0 12 24 36
02 p 9q
0 q
100+ 1 ]
¢P q
E 2001 .
=
E (] q
g 3001 T
©
® 4 (4
500 T T T T T T
5

0 5 10 15 20 O 10 15 20 O 5 10 15 20 O 5 10 15 20

% of standing stock % of standing stock % of standing stock % of standing stock

Figure 3: Depth distribution: (a) relative abundance of N. pachyderma (s.), T. quinqueloba and
other species of planktonic foraminifera (per depth interval) in 0-500 m of the water column. (b-
c) absolute abundance of N. pachyderma (s) and T. quinqueloba (note different scales) and
proportion of individuals with reproductive characteristics, given as % of standing stock. For
further explanations see legend (page 11).

The total foraminiferal abundance ranges from 0.2 to 356 Ind*m™ in 0-500 m (Figure 2a),
showing maximum abundances between 123 and 356 Ind~m in upper 0-50 m at stations 381,
402 and 404. Out of the ten identified foraminiferal taxa: left and right-coiling N. pachyderma,
T. quingqueloba, G. bulloides, G. glutinata, G. uvula, G. inflata, O. rieddli, G. scitula and G.
ruber, only six species are present a al stations (Figure 2c¢). Most of the stations (352, 357,
366, 376 and 404) were dominated by T. quinqueloba with arelative abundance between 38-70
%. G. glutinata was relatively abundant at stations 402 and 381 with 37 and 52 %, respective-
ly. N. pachyderma (s.) was the dominant species at station 361 and accounted for 40 % of the
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Figure 3: Continued.

foraminiferal abundance. The highest relative abundance of N. pachyderma (d.) ~6 % and G.
bulloides (9 and 11 %) was found at stations 361 and 357, a the other stations both species
showed lower abundances between 2 and 4 %. G. uvula accounted for a maximum of 18 % &
station 381 and showed relatively low abundances (1-5 %) at other stations.

3.1.1 Abundance and Shell Size Distribution of N. pachyderma (s.) and T. quinqueloba

It is obvious from Figure 3 that N. pachyderma (s.) and T. quinqueloba each showed the
different depth distribution patterns. In order to be able to compare the distribution of both spe-
cies better, their abundance in 0 to 200 m was viewed. The abundance of N. pachyderma (s.)
varied between 0.7 and 121 Ind*m in 0-200 m (Figure 3b). This species occured most abun-
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dantly in the upper 0-50 m. Compared to N. pachyderma (s.), T. quinqueloba had a more
variable depth distribution with maximain 0-200 m (Figure 3c) and showed slightly higher
abundances between 3.6 and 131 Ind=m?. At stations 366 and 402 the abundance maximum of

this species was found below 200 m depth.

The changes in abundance of N. pachyderma (s.) were inversely correlated with increasing
sdinity (r = 0.5, n = 38), showing the maxima at stations 361, 366 and 402. The best corre-
|ations between the abundance of N. pachyderma (s.) and average salinity were found in the O-
50 m and 50-100 m depth intervals. In contrast, the increasing abundance of T. quinqueloba
was positively correlated with temperature (r > = 0.4, n = 38). The highest abundance of this
species was found at station 404 (0-50 m) at an average temperature of ~12°C. The abundance
of dead T. quinquel oba (empty shells) rose however with increasing total abundance (r 2= 0.9).

The highest abundances of N. pachyderma (s.) with reproductive characteristics (secondary
calcite crust and kummerform chamber) were found between 0 and 300 m (Figure 3b). Most
encrusted individuals of this species occured at stations 361 (19 %) and 404 (11 %), while the
abundance of kummerforms increased with increasing total abundance (r 2 = 0.9, n = 38),
showing the maximum of 3 % at station 402. The maximum proportion of encrusted T.
quinqueloba (4 %) was found at stations 361 (100-200 m) and 376 (300-500 m), whereas the
abundance of kummerforms reached a maximum of 0.4 % at station 402 (200-300 m). The
maxima of T. quinquel oba with reproductive characteristics varied irregulary over the O to 500
m at other stations (Figure 3c).

Changesin the shell size of N. pachyderma (s.) and T. quinqueloba are uncorrelated with
each other or with variationsin the total abundance of each species. The mean shell size of N.
pachyderma (s.) varied between 110 and 230 um (Figure 4a). In comparison to stations 352
and 357, where shell size was approximately 140-150 ym, a strong increase in shell size (180-
230 pm) occured at station 361 in 50-100 m depth. After three days at station 366, the size of
N. pachyderma (s.) strongly decreased and reached the minimum of < 130 um. At stations 376
and 381, the larger shells were found in 100-200 m depth, ranging from 180 to 190 pum. At the
last two stations 402 and 404, relatively large specimens (160-180 um) were found throughout
the water column (exception: station 404, 300-500 m).

The mean shell size of T. quinqueloba was between 90 and 150 um (Figure 4b), showing
less variations compared to N. pachyderma (s.). The largest shells of about 150 um were found
at stations 357, 376 (0-50 m) and 361 (100-200 m). At stations 352, 366, 376, 381 and 402
the specimens size varied between 100 and 130 pm, while at the last station 404, the smallest
individuals of T. quinqueloba were established, having a maximum diameter of 110 pum.

12
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Figure 4. Mean shell size distribution of (a) N. pachyderma (s.) and (b) T. quinqueloba ver-
sus depth. Upper axis denotes the sampling date, FM: full moon; lower axis gives the station
numbers. For sampling time see Table 1.

3.1.2. Shell Size, Mass and Stable Isotope Composition of N. pachyderma (s.)

At the examined stations 361 and 402 (0-50 m) (Chapter 2.1.2), the relationship between
shell size and weight (Table 2) of the three different calcification groups of N. pachyderma (s.)
can be described as follows:

nonencrusted: shell mass (ug) = 0.0001 * (size)®- 0.0221 * size + 1.66 (6)
encrusted: shell mass (ug) = 0.0001 * (size)*+ 0.0007 * size - 1.16 (7
heavily encrusted: shell mass (ug) = 0.056 * size- 7.53 (8)

The shell mass of the nonencrusted individuals does not change significantly with depth
(Figure 5).

16

& .361 (0-50 m)
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shell size (um) explanations see legend.
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Table 2: Shell size and mass of nonencrusted, encrusted and heavily encrusted N. pachyderma (s.)
measured on samples from stations 361 and 402 (0-50 m) in the Labrador Sea.

shell mass (ug)
nonencrusted encrusted heavily encrusted

st. 402 st. 361 st. 402 st. 361 st. 402 st. 361
shf(slls)ize 050m _ 050m _ 50-100m 100-200m 300-500m| 0-50m _ 50-100m 100-200m 300-500m| 0-50m _ 50-100m 100-200m 300-500 m
um
125 0.4 0.4 - 0.5 - - - - - - - - 2.1
137 0.4 - - - - - - - - - - 1.5
148 0.5 0.6 - 0.6
160 0.6 - - - - - 0.6 - 1.0
171 0.7 1.1 - 1 - 1.2 - - - - - 2.6
182 0.9 - - 1 - - - 1.5 - - - 3.1
194 1.0 1.1 - 1.3 1.2 - 2.0 2.2 - - - 3.3 -
205 1.2 1.4 1.5 1.5 1.6 - - 3.0 1.6 - - 4.1 3.9
217 1.5 - - 1.5 - - - 2.7 - - 3.0 4.8 -
228 1.7 2 - 2.1 1.8 1.8 - 3.5 - - - 5.3 5.2
239 1.9 - - 1.5 - 2.7 - 3.7 2.5 4.2 3.0 5.7 -
251 2.2 - 2.6 2.2 2.9 4.6 - 5.4 5.0 - - 6.6 6.6
262 2.5 - - 4 - - - 6.6 - - 5.5 7.0 -
274 2.6 - - 3.9 - - - 6.6 - - - 7.9
285 3.0 - 2.7 2.8 - - - 9.1 - - - 8.7
296 3.2 - - - - - - 8.6 - - - 8.9
308 4.2 - - 5.2 - - - 9.8 - - - 10.3
319 4.2 - - 5 - - - 10.4 -
331 - - - - - - - 11.7
342 - - - - - - - 12.0
353 - - - - - - - 12.7
365 - - - - - - - 12.7
376 - - - - - - - 13.8
388 - - - - - - - 14.4

The mass of nonencrusted shells (considered as primary calcite) accounted for 37 % of the
total shell mass of heavily encrusted specimens. No significant differences in weight were

found between encrusted and heavily encrusted shells>280 um, while in the size fraction <280
um, the mass of encrusted specimens accounted for ~35 % of the heavily encrusted shells. In
spite of these differences between both calcification groups (<280 um), no significant varia-

tionsind®O and d**C were found as a function of the shell mass (Figure 5 and 6). The findings
concerning encrusted and heavily encrusted N. pachyderma (s.) will therefore be jointly pre-
sented under the term "encrusted".

Thed®O values of encrusted shells showed no significant changes as a function of the shell
size (Figure 6b-c, Table 3) and mass. In contrast, the d®*O values of nonencrusted shells
showed a slight increase with increasing shell size and mass (Figure 6a). The d'®O rose with
increasing size on average by 0.26 %o (station 361, 0-200 m) and 0.41 %o (station 402, 0-50
m). Between 300 and 500 m (station 361) however no shell size and mass dependent changes
in d*®O were found. At both stations, the d**O of encrusted N. pachyderma (s.) was within the
range of ollSOEq values predicted for the upper 0-50 m (Equation 3). In the upper 0-200 m, the
d*®0 values of nonencrusted and encrusted N. pachyderma (s.) increased slightly with depth at
station 361 (Figure 7). At this station, the nonencrusted and encrusted N. pachyderma (s.) in
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Figure 6: Size effect on the d*°O (a-c) and d”C (d-f) at different degrees of calcite encrustation of
N. pachyderma (s.). Note different scales. Station 361: mean values of encrusted and heavily en-
crusted are presented.

the upper 200 m were on average 1.1+0.2 and 0.7+0.1 %o, respectively, depleted in d'*O com-
pared to predicted d'°O, (Figure 7). The difference between encrusted and nonencrusted shells
below 50 m was approximately 0.6+0.1 %o. Similar to station 361, the mean d'*O values of
nonencrusted and encrusted shells at station 402 (0-50 m) were lighter than d**O, values by
1.1+0.3 %o and 0.7+0.3 %o. The Dd"®O between nonencrusted and encrusted shells was at ~0.4
%o there.

Thed"C values of the three examined calcification groups rose with increasing shell size and
mass (Figure 6d-f). Nonencrusted shells at stations 402 (0-50 m) and 361 (0-200 m) increased
in d**C with increasing size on average by 1.54 %o and 0.86 %o, respectively. At station 361,
the encrusted N. pachyderma (s.) varied in d**C approximately by 0.83 %o as a function of size.
For station 361, the size/d**C relationship of all examined calcification groups can be described
asfollows:

d®C=-7.58 +3.15* |og(size);r = 0.6, n =113 9

In the upper 0-200 m, the d**C values of N. pachyderma (s.) at station 361 showed a slight
variation with depth. The mean d**C values of nonencrusted and encrusted shells were lighter
than the predicted d*C,,. by 1.7+0.3 %o (~200 um) and 1.0+0.02 %o (~230 pm) (Figure 7).
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Table 3: Shell size and stable isotope data of N. pachyderma (s.) measured at stations 361 (all
depth intervals) and 402 (0-50 m). Mean value + standard deviation (n);

d*0 (%) d®C (%o)
] depth | shell size heavily heavily
station [ () (um) | nonencrusted  encrusted encrusted | nonencrusted  encrusted encrusted
361 0-50 148 T.12 - - 0.8 = -
177 1.28 - - -0.70 - -
205 1.18 - - -0.53 - -
217 1.24 - - -0.25 - -
239 1.38 - - -0.12 - -
50-100 48 149 - = 083 = -
182 1.49 - - -0.40 - -
188 - 2.12 - - -0.02 -
205 1.74 - - -0.24 - -
217 1.45 - - -0.41 - -
239 1.77 2.26 - -0.12 0.29 -
274 - - 2.04 - - 0.30
280 178 - - 0.07 - -
T00-200] 148 T50 - - 054 - -
162 - - 2.24 - - -0.33
171 - 211 - - -0.37 -
182 1.72 - - -0.52 - -
188 - - 2.45 - - -0.03
200 - - 2.19 - - -0.08
205 1.75 2.17 - -0.36 -0.02 -
211 1.61 - 2.35+0.11 (2) -0.30 - 0.18+0.03
217 1.72 - - -0.28 - -
222 - 2.17 2.35+0.12 (5) - 0.02 0.20£0.12
234 - 2.16 2.31+0.11 (5) - 0.05 0.21+0.15
239 1.41 - - -0.24 - -
245 - 2.1740.08(2)  2.31%0.06 (4) - 0.140.02 0.20£0.11
257 1.93 2.26 2.28+0.02 (3) 0.11 0.21 0.20£0.07
268 - 2215014 (2)  2.35:0.05 (3) - 0.28+0.01 0.31+0.11
274 1.80 - - -0.15 - -
279 - - 2.25+0.07 (2) - - 0.26+0.01
291 - 2.30£0.05(2)  2.17+0.01 (3) - 0.33+0.04 0.24+0.15
302 1.74 2.28£0.11(5)  1.99+0.21 (2) 0.09 0.31+0.06 0.11+0.07
314 - 2.24+0.08 (5) 2.29 - 0.32+0.11 0.34
325 - 2.2740.07 (2) - - 0.31+0.14 -
336 - 2.38 - - 0.56 -
348 - 2.25¢0.11 (2) - - 0.44+0.01 -
359 - 2.24+0.23 (4) - - 0.35+0.06 -
371 - 2.35£0.27 (5) - - 0.33£0.15 -
376 - 2.25 - - 0.55 -
393 - 2.31:0.12 (3) - - 0.48+0.03 -
405 - 2.12 - - 0.42 -
200-300] 201 = - 197 - = ~0.05
308 - 1.95 - - -0.07 -
300-500[ 137 197 - = 16 = -
160 1.91 - - -1.36 - -
174 - - 2.26 - - -0.45
177 1.90 - - -1.00 - -
188 1.94 - - -0.89 - -
194 1.84 - - -0.86 - -
204 - 2.28 - - -0.43 -
217 1.88 - - -1.32 - -
222 - - 2.39 - - -0.37
239 1.77 - 2.49 -0.43 - 0.15
262 2.00 - 2.48 111 - 0.12
268 - 2.12 - - -0.19 -
325 - 2.79 - - 0.55 -
351 - - 2.48 - - 0.41
00 050 37 032 - = 105 = -
143 0.40 - - -0.96 - -
154 0.46+0.16 (2) - - -0.85£0.04 - -
165 0.39£0.13 - - -0.71£0.07 - -
177 0.50+0.18 (3) - - -0.49+0.03 - -
188 0.68+0.10 (4) 1.21 - -0.38+0.06 0.08 -
200 0.60+0.29 (4) - - -0.23+0.05 - -
211 0.76+0.14 (4) - - -0.16+0.03 - -
222 0.59+0.05 (5) - - -0.04+0.08 - -
234 0.75+0.08 (5) - - 0+0.05 - -
245 0.93+0.16 (5) 1.02 - 0.12+0.04 0.27 -
257 0.84+0.07 (5) - - 0.17+0.06 - -
268 0.90+0.17 (5) 155 - 0.27+0.06 0.37 -
279 0.88+0.20 (5) - - 0.27+0.04 - -
201 0.96+0.28 (3) - - 0.35:0.10 - -
296 - 0.97 - - 0.46 -
302 1.14£0.10 (2) - - 0.42+0.13 - -
314 1.38 - - 0.35 - -
319 0.96 - - 0.49 - -
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Figure 7: Depth distribution of d®O, d”*C (circles) of N. pachyderma (s.) and d®Og,, d“Cy,c (solid
line) Station 402: below 50 m depth isotope data from Bauch 1999.

Nonencrusted shells between 50 and 200 m depth were depleted in d*C by 0.6+0.1 %o
compared to encrusted shells. At station 402 (0-50 m), the nonencrusted specimens with an
average diameter of 228+60 pum were 1.6+0.5 %o lighter than predicted d“°C,,, whereas the
encrusted shells (250+45 um) were 1.2+0.2 %o lower in d**C in comparison to d**C,,.. The
observed Dd**C between nonencrusted and encrusted shells was ~0.4 %o.

17



Results

3.2. Greenland Sea: Hydrographic Setting and Total Foraminiferal Distribution
along the 75°N-Transect

In the Greenland Sea, which was ice free in the sampling period, three surface water masses
can be subdivided: Polar Water (East Greenland Current), Arctic Water (Greenland Arctic
Intermediate Water) und Atlantic Water (West Spitzbergen Current) (Figure 1).
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0 6\ L eay' .slll.b 1 1 |I [
348 35
J == ‘\\\,,/
100-3\—/ﬁ\ /// 32 |
3
£ 200 .
=
& 300 i
©
400 E
1
500 1| T T T T T T T T T T T
12° BE | 12°E 12°W  8W  4°W 0 4°E 8E  12°E
Longitude Longitude
C d
© Density (kgem3) @
18/19 25 30 37 43 51 63 66 .
04— <274/ | | | SIO(uUM/1) Chla (ug/l)
,—/‘
278 7.8 276; 0 5 1015 20 0 1 2 3 4 5
100- g Oy
50+
2200 1007 50
= E 200
3 3001 £ 100
& 3001
©
400 400 - 150
500+ T 500 200
12°W >E

Longltude

Figure 8: Hydrographic parameters along the 75°N transect in the Greenland Sea: (a) tempe-

rature; (b) salinity; (c) density (s,) data (Budeus, 1999); (d) silicate and chla concentrations.
Upper axis gives station numbers.

In the western part of the transect (stations 18-19), above 100 m depth, relatively cold and
less saline Polar water (T=-1.51t0 0.6°C, S=32.7-34.7 psu) of the East Greenland Current
(Figure 8a-c) was determined. As aresult of summer warming, the shallow surface layer (<
3°C) was located above 25 m. The established SiO, concentrations between 0.4 and 5.8 uM/I
wererelatively high (Figure 8d). Accordingly, the chlaconcentrations < 2 pug/l were rather low
with maximum values in 50 m depth. Below 100 m depth, the warmer and sdltier Return
Atlantic Current (T=0.9-2°C, S=34.8-35.0 psu) is situated. Despite the polar origins of the sur-
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Figure 9: Average foraminiferal composition in the 0 to 500 m of the water column.

face water mass, both stations were dominated by T. quinqueloba with a relative abundance of
57 %, whereas the abundance of N. pachyderma (s.) was on average at 41 % (Figure 9).

Stations 25 to 43 were located in the Arctic water. The warmed layer of Arctic Surface Water
(T=1.8-4°C, S=33.5-34.9 psu) was determined in the upper 35-55 m and a colder Arctic Inter-
mediate Water (T=-1.4 to 2°C, S=34.8-35.0 psu) underneath (Figure 8a-c). Higher SO,
concentrations between 2.0 and 4.7 pM/l occured at station 25, while stations 30-43 showed
the lowest silicate (< 3 uM/l) and the highest chla (0.8-3.7 pg/l) concentrations in the upper O-
50 m aong the transect (Figure 8d). The relative abundance of N. pachyderma (s.) at these
transect stations continuously decreased from 53 to 32 %, whereas the abundance of T.
quinqueloba increased from 46 to 68 % (Figure 9).

In the east of the Greenland Sea, the West Spitzbergen Current (stations 51-66) transports
warm and saline Atlantic water northward (Figure 8a-c). The warm surface layer (T=3.7-6.5°C,
S=35.0-35.6 psu) a these stations is located in the upper 45-55 m depth, underneath is the
colder (T=0-5°C) and less sdline (S=34.9-35.1 psu) Intermediste water. Higher SO,
concentrations (1.5-5.1 uM/l), which were found in the WSC compared to the Arctic water
(Figure 8d), implied lower chla concentrations (< 1 pg/l). The relative abundance of T. quin-
quel oba reached the maximum of 80+5 % in this part of the transect, while the abundance of N.
pachyderma (s.) strongly decreased to an average of 13+7 %. Additionaly, the abundance of G.
glutinata (5£2 %) and G. uwvula (21 %) increased compared to other transect stations (max.
0.1 %). The abundance of O. riedeli rose as well, but was still very low at 0.1 % (Figure 9).

The relative abundance of N. pachyderma (d.) and G. bulloides decreased in easterly direc-
tion. Stations 18 and 19 showed the highest abundance of N. pachyderma (d.) with ~1 %. In
the Arctic water (stations 25-43) the abundance of this species decreased to 0.6£0.2 %, before
reaching the minimum of 0.3+0.2 % in the Atlantic water.
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Figure 10: Depth distribution: (a) absolute abundances of planktonic foraminifera (bars), tempe-
rature (solid line) and salinity (dotted line); (b) relative abundance of N. pachyderma (s), T.
quinqueloba and other species (per depth interval); (c-d) absolute abundance of N. pachyderma

(s.) and T. quinqueloba (note different scales) and proportion of individuals with reproductive
characteristics. For further explanations see legend (page 21).
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The relative abundance of G. bulloides at stations 18 to 30 ranged between 0.2 and 0.4 % and
further decreased to max. 0.2 % at stations 37 to 66.

The nine multinet tows, which were collected along the 75°N transect, indicate very high
abundances of planktonic foraminiferawith a maximum of 1802 Ind*m? (Figure 10a). The
foraminiferal assemblage comprises of seven species:. |eft and right-coiling N. pachyderma, T.
quinqueloba, G. bulloides, G. glutinata, G. uvula and O. rieddli, while single specimens of G.
scitulaand G. inflata were found in the Atlantic water. The sampled 0 to 500 m were however
dominated by the two species. N. pachyderma (s.) and T. quinqueloba (Figure 10b), whereas
the relative abundance of T. quinqueloba increased strongly in the easterly direction.

3.2.1 Abundance and Shell Size Distribution of N. pachyderma (s.) and T. quinqueloba

The dominant species N. pachyderma (s.) and T. quinqueloba show a good match in their
depth distribution along the transect, with the highest abundances in the upper 0-200 m (Figure
10c-d). At Stations 18 and 19, relatively low abundances between 4-83 Ind«~m™ for N.
pachyderma (s.) and 4-129 Ind*m? for T. quinquel oba were found, reaching a maximum in the

100-200 m depth interval. In contrast, stations 25 to 66 showed the abundance maximain the
upper 0-100 m. Compared to stations 18 and 19, the abundance of both species strongly
increased in the Arctic water (stations 25 to 43). There the abundance of N. pachyderma (s.)
and T. quinquelobain 0-200 m ranged between 24-754 Ind*m® and 20-1280 | nd«m, respec-
tively, reaching the maximum at station 43. In the Atlantic water (stations 51-66), the abun-
dance of N. pachyderma (s.) strongly decreased (18-298 Ind*m®), while the abundance of T.

quinqueloba showed only a slight decrease, ranging between 151 and 1222 Ind«m?®. The

changes in the depth and horizontal distribution of both species were not correlated with
variations in temperature, salinity, silicate and chla concentrations.

N. pachyderma (s.) was the only species to demonstrate a significant change in the distri-
bution of individuals with reproductive characteristics along the transect (Figure 10c). The
percentage of encrusted individuals and kummerforms decreased from 4 % (stations 18-25,
maximum in 50-200 m) to max. 2 % encrusted and 1 % kummerform on the next stations 30 to
43 (maxima between 50 and 300 m). Further to the East (stations 51 to 66), the percentage of
encrusted specimens (max. 19 %) and kummerforms (max. 12 %) increased compared to
stations 30-43, whereas most of these individuals were found between 50 and 100 m depth.

The proportion of encrusted (max. 7 %) and kummerform (max. 1 %) individuals of T.
quinqueloba varied irregulary along a transect (Figure 10d). While the reproductive features of
this species were found below 100 m at stations 30 to 43, the most individuals with reproduc-
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tive characteristics occured between 50 and 200 m at stations 51 to 66.

The mean shell size of N. pachyderma (s.) and T. quingqueloba ranged from 130 to 200 pm
and from 90 to 150 um, respectively and showed similar distribution patterns along the transect
(Figure 11a,b).
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Figure 11: Mean shell size distribution of (a) N. pachyderma (s.) and (b) T. quinqueloba along
the transect at 75°N. Upper axis denotes the sampling date, NM: new moon; lower axis gives the
station numbers.

At the western stations 18 and 19, N. pachyderma (s.) and T. quinqueloba reached a maximum
diameter of 160 um and 120 pum, respectively. Compared to these stations, the mean shell size
of both species dightly increased in the upper 100 m at stations 25 to 30, reaching a diameter
between 160-170 um for N. pachyderma (s.) and 120-130 um for T. quinqueloba. At the next
three stations (37-51) the shells size of both species decreased sharply, the specimens were
small in 0-100 m with amaximum diameter of 150 um for N. pachyderma (s.) and 110 um for
T. quinqueloba. During this time, larger shells of N. pachyderma (s.) between 160-170 pum
were found at stations 37 and 43 in 100-300 m. Larger specimens of T. quinqueloba (~130

pum) were found at stations 43 and 51 in 100-300 m and 300-500 m, respectively. The largest
shells were found at stations 63 and 66 in 0-100 m, where the mean shell size of N.
pachyderma (s.) was between 160-200 ym and ranged from 110 to 140 pm for T. quinque-
loba.
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3.3. Fram Strait: Hydrographic Setting and Total Foraminiferal Distribution
along the 80°N-Transect

Two dominant surface water masses are distinguished in the Fram Strait (80°N): Atlantic
water of the West Spitzbergen Current (WSC) and Polar water of the East Greenland Current
(EGC). A recirculated part of the WSC flows back south underneath the EGC as the Return
Atlantic Current (Figure 1). The examined eight multinet stations were sampled during two
days.
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Figure 12: Hydrographic parameters along the 80°N-transect in the Fram Strait: (a) temperature;
(b) salinity; (c) density (s,) data; (d) silicate and chla concentrations, dotted line denotes stations
83 and 84 (see text). EGC: East Greenland Current, WSC: West Spitzbergen Current, RAC: Return
Atlantic Current. Upper axis gives station numbers.

In the West Spitzbergen Current (st. 77-82), which in the eastern and central part of the
Fram Strait transports warm and saline Atlantic water (T=1.5-3°C, S=35.0 psu) into the Arctic
ocean (Figure 12a-c), relatively low SiO, concentrations of maximum 2 pM/I were measured.
The chla concentrations varied between 0.3 and 1.2 pg/l, with the maximal values in the upper
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0-25 m (Figure 12d). At these stations, the foraminiferal assemblage was dominated by T.
quinguel oba with a relative abundance between 74 and 95 % (Figure 13). The abundance of N.
pachyderma (s.) ranged from 4 to 24 % (Figure 13).
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Figure 13: Average foraminiferal composition in the 0 to 500 m of the water column.

In the western part of the Fram Strait, where the East Greenland Current (stations 83-84)
transports cold and less saline Polar water (T=-0.8to -1.5°C, S=33.7-34.4 psu) southwards in
a depth of 150 to 180 m (Figure 12a-c), higher SIO, concentrations (8-10 pM/I, Figure 12d)
were measured compared to the eastern stations 77 to 82. Despite the high slicate concen-
trations, low chl a concentrations of < 0.3 ug/l were measured a the surface (Figure 12d).
Below, the warmer and more saline Return Atlantic Current (T=0-1°C, S=35 psu) contains
lower dlicate concentrations compared to the EGC. N. pachyderma (s.) was found to be the
dominant species at both stations with an average abundance of 61+9 %, while the proportion
of T. quingueloba (36+9 %) strongly decreased relative to other stations (Figure 13).

Despite heavy ice-coverage at the sampling period, the abundances of planktonic foramini-
ferawere relatively high in the Atlantic water (stations 77-82) with a maximum of 1096 Ind+m

a station 81, while in Polar water (stations 83-84) a maximum abundance of 52 Ind*m™ was

found (Figure 14a). Out of seven identified species. left and right-coiling N. pachyderma, T.
quinqueloba, G. bulloides, G. glutinata, G. uvula and O. riedeli, the foraminiferal composition
in the 0 to 500 m was dominated by only two species: N. pachyderma (s.) and T. quingueloba.
From east to west adominance change from T. quinqueloba to N. pachyderma (s.) was found
along the transect (Figure 14b).

The relative abundance of N. pachyderma (d.) and G. bulloides was very low in Atlantic
water (max. 0.6 %), increasing dightly in the Polar water to 2.5 % and 0.9 %, respectively.
The proportion of G. glutinata (max. 0.8 %, st. 77), G. uvula (max. 0.2 %, st. 77, 79) and O.
riedeli (max. 0.3 %, st. 81) decreased in the western direction along the transect.
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Figure 14: Depth distribution: (a) absolute abundances of planktonic foraminifera (bars), tempe-
rature (solid line) and salinity (dotted line); (b) relative abundance of N. pachyderma (s), T.
guinqueloba and other species (per depth interval); (c-d) absolute abundance of N. pachyderma

(s.) and T. quinqueloba (note different scales) and proportion of individuals with reproductive
characteristics. For further explanations see legend (page 27).
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Figure 14. Continued.
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Results

3.3.1 Abundance and Shell Size Distribution of N. pachyderma (s.) and T. quinqueloba

The maximum abundances of N. pachyderma (s.) and T. quingueloba were found in O to
200 m (Figure 14c,d). In the upper 0-50 m, N. pachyderma (s.) showed higher abundancesin
Polar water relative to Atlantic water. Over the 0 to 200 m depth interval the abundance of N.
pachyderma (s.) however, showed no significant changes between both water masses. Slightly
higher numbers of this species (10-34 Ind«m™®) were found at stations 81 and 83, whereas

other transect stations showed lower abundances between 7 and 27 Ind*m?. As opposed to N.
pachyderma (s.), the abundance of T. quinqueloba decreased sharply in Polar water (2-19
Ind«m®) compared to Atlantic water (8-1056 Ind*m). The changes in the abundance of both
specieswere only in the 0-50 m depth interval well corrdlated with variations in average
temperature and salinity. Below 50 m, no correlation between the abundance of N. pachyderma
(s.) and T. quingueloba and hydrographic parameters were found.

The percentage of individuals with a secondary calcite crust and kummerform chamber show
no regular distributions pattern along a transect (Figure 14c,d). The kummerform percentage of
N. pachyderma (s.) (Figure 14c) accounted to a maximum of 7 % (stations 77-78), whereas the
proportion of encrusted shells was higher with max. 15 % (station 77). The maximum
proportion of encrusted (6 %) and kummerform (0.9 %) T. quingqueloba (Figure 14d) was
found at station 82. Most of N. pachyderma (s.) with reproductive characteristics were found in
the 100-200 m depth interval, while the reproductive depth of T. quingueloba varied irregulary
below 100 m. The highest proportion of dead N. pachyderma (s.) was found in the Atlantic
water at station 77 (25 %). Most empty shells of T. quinqueloba (23 %) occured in the Polar
water at station 84.

The shell size was measured for the stations 77, 82, 83 and 84. In the upper 0-200 m, the
mean shell size of N. pachyderma (s.) and T. quinqueloba increased significantly in the
westerly direction (Figure 15). At station 77, the shell size of N. pachyderma (s.) varied
between 140 and 150 um (Figure 15a), showing no significant variation throughout the water
column. At stations 82 to 84, the species size increased in 0-200 m, reaching a maximum
diameter between 180 and 200 um in the upper 0-50 m at stations 82 and 83. At station 84, the
shell size of N. pachyderma (s.) decreased in 0-50 m compared to stations 82-83, the largest
individuals between 200 and 210 pm were found in 50-200 m.

The mean shell size of T. quinqueloba ranged from 100 to 140 um (Figure 15b). At stations
77 to 82, larger shells (120-140 um) were found only in the 300-500 m depth interval. At sta-
tions 83 and 84, the shell size between 130 and 140 um was determined in 0-100 and 50-200
m.
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Increasing size of N. pachyderma (s.) is inversaly correlated with temperature (r 2= 0.5, n =
40). Although the mean shell size of both species correlate well in the upper 0-200 m, no
temperature dependent trend in the size distribution of T. quinguel oba was found.

(@) (b)
27.07 2707 2707 2507 2707 2707 2707 25.07
1 1 1 1 I 1 1 1 1 I 1 1 1 1
I ]
120 \\' 100
130 12 20

B 110 120

\
130
. 82 7 84 83 82 7
station station

Figure 15: Mean shell size distribution of (a) N. pachyderma (s.) and (b) T. quinqueloba at
stations 77, 82, 83 and 84. For sampling time see Table 1.

3.3.2 Stable I sotope Composition of N. pachyderma (s.) and T. quinqueloba

Due to the influence of searice meltwater (Craig & Gordon, 1965), no linear relationship
between 5'°0,, and sainity was found at stations 77 to 82 (Figure 16). In Polar water, salinity
and 3'°0,, showed a linear correlation (stations 83 and 84).

s
© -1 [
?
3
S
g 2 |
o Figure 16: Relationship between
3 | §T0= 22581 0949 salinity and 5180,,, in the Fram
n=16 Strait.

sdlinity (psu)

The isotopic analysis of nonencrusted foraminiferal shells was most possible in the upper 0-200
m, of encrusted shells usually below 100 m, wherever the largest numbers of ether calcifi-
cation group were found. The nonencrusted and encrusted shells showed no systematic varia-
tionsin 50 as a function of shell size for examined size classes between 190-360 um for N.
pachyderma (s.) and 150-240 um for T. quinqueloba (Figure 17).
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The 5C of N. pachyderma (s.) varies clearly as afunction of shell size:
3*C=-691+294* Log(size); r =0.41,n=98 (10)

In contrast, the 8°C values of nonencrusted T. quinqueloba showed no correlation with shell
size (Figure 17).

(b)

.4 g 8 O
°§ §g§§ 3180 o nonencrusted
o 8
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o
L - ©o
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stable isotope (%0 PDB)

313¢c

Figure 17: Stable isotope 5'°0 and 3"*C versus shell size for (a) N. pachyderma (s.) and (b)
T. quinquel oba.

The 5°0, values, ceculated from &°0,, and temperature (Equation 3), varied aong the
transect between 1.9 and 4.3 %o (Figure 18). At stations 77 to 82, the vertical variations of
5'°Og, wereinversely correlated with changes in temperature, resulting in relaively high 5°O,
values between 3.1 and 4.5 %o in the upper 50 m. At stations 83 and 84, the 5'°Og, strongly
decreased in upper 0-50 m (1.9-3.5 %o), influenced by the salinity dependent 5'°0,, decrease.

The 50 values of N. pachyderma (s.) varied between 1.5 and 3.6 %o along the transect
(Figure 18) and were dightly heavier than 5'°0 of T. quinqueloba (1.5-3.0 %o). With -0.3+0.3
%o (n = 3), nonencrusted T. quinqueloba were not significantly lighter in 50 than encrusted
shells, whereas N. pachyderma (s.) did not show a systematic difference between both cacifi-
cation groups. In the upper 0-200 m, nonencrusted shells of N. pachyderma (s.) showed
lighter 5'°0 values (1.7-3.0 %o) in Polar water than in Atlantic water (2.6-3.3 %o). The3*O
values of nonencrusted T. quinqueloba ranged between 1.5 and 2.7 %0, showing no water
masses dependent changes along the transect. The 5°0 values of nonencrusted shells of both
species showed no systematic variations with depth in Atlantic water, whereas the 50O of
foraminiferal shells increased correspondingly to 6180Eq with increasing depth in Polar water.
The 50 values of encrusted N. pachyderma (s.) and T. quinqueloba were between 2.4-3.3 %o
and 2.3-2.9 %o, respectively. In the upper 0-200 m, the 5'%0 values of N. pachyderma (s.) and
T. quinqueloba were on average 0.9£0.4 %o (N = 28) and 1.2+£0.3 %o (n = 23) lighter than
5°Og, (Figure 18).
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Table 4: Stable isotope composition and average shell size of nonencrusted and encrusted N.
pachyderma (s.) and T. quinqueloba along the transect in the Fram Strait (80°N). Mean value +
standard deviation.

nonencrusted encrusted nonencrusted encrusted
station a0 a°C size d*0 deC size d°o aeC size a0 a°C size
st.77
0-50m - - - - 2.24 -1.44 209 2.81 -1.01 197
50-100 m - 2.39 0.21 309 - - - 2.54+0.08 "-1.23+0.05 205+29
100-200 m - 2.42+0.13 0.26+0.02 286+47 - 2.51+0.09 "-1.28+0.19 209+35
200-300 m - 2.93+£0.29 "-0.02+0.35209+33 - 2.48+0.24 "-1.14+0.17 205+41
300-500 m - 2.96 -0.03 217 - 2.44+0.13 "-1.26+0.06 209+23
st.78
0-50m - - - - - - 2.1040.04 "-1.69+0.10 204425 - - -
50-100 m | 2.66+0.54 0.05+0.41 267+33 2.68 -0.12 224 - - - 2.57+0.21 -1.28+0.13 221+16
100-200 m | 2.76+£0.01 0.19+0.29 261+25| 2.84+0.03 0.24+0.09284+25 - 2.75+0.11 "-1.1740.12 221+16
200-300 m - - - - - - - - - -
300-500 m - 2.95 0.49 271 - 2.64+0.01 "-1.23+0.10 284+47
st.79
0-50m | 3.33+0.05 -0.06+0.16 290+23| - 2.54+0.23 -1.28+0.32 186+24 -
50-100 m | 2.80+0.33 0.09+0.32 294+29 - - - 2.24+0.05 -1.54+0.13 213+29 - - -
100-200 m 3.02 0.18 294 | 3.34+0.22 0.31+0.21 307+40| 2.47+0.02 "-1.41+0.01 204+25 2.90+0.09 * -1.15+0.0¢ 198+16
200-300 m - - - 2.85+0.30 0.24+0.09 240+44 - - - 2.93+£0.06 "-1.07+0.02 180+25
300-500 m - 2.92+0.22 0.21+0.11 264+54 - 2.86+0.06 "-1.15+0.10 190+30
st.80
0-50m |3.15+0.35 0.34+0.18 290+23 - - - - -
50-100 m - - - 3.29+0.07 0.26+0.11 298+35 - - - -
100-200 m - 3.42 0.23 271 - 2.89+0.10 "-1.16+0.07 190+30
200-300 m - 2.91 -0.19 240 - 2.79+£0.09 "-1.19+0.04 180+25
300-500 m - - - - - 2.78+0.02 "-1.21+0.06 169+25
st.81
0-50m | 2.91+0.04 -0.01+0.06 220+16| - - - - 2.54 -1.06 209
50-100 m | 3.20+0.21 0.25+0.11 298+35 2.84 0.24 284 - - - 2.40£0.18 " -1.27+0.0¢ 221+16
100-200 m | 2.56+0.22 0.62+0.89 249+25| 2.63+0.3 0.05+0.06 281+35| 2.35+0.14 "-1.38+0.11 209+23 2.35+0.05 -1.38+0.04 221+16
200-300 m - - - 3.36 0.38 302 - - - 2.54+0.06 "-1.24+0.10 209+23
300-500 m - 2.52 0.4 224 - 2.39+0.04 "-1.33+0.13 221+16
st.82
0-50m |3.01+0.12 0.02+0.32 254+36| - - - - -
50-100 m | 3.14+0.20 0.24+0.24 290123 - - - 2.10+£0.76 -1.08+0.13 198+16 - - -
100-200 m - - - 3.26£0.11 0.43+0.21 302+35 - - - 2.65+0.09 "-1.12+0.04 221+33
200-300 m - 3.29 0.25 271 - 2.57 -1.25 209
300-500 m - - - - - 2.67+0.07 *-1.26+0.02 198+16
st.83
0-50m |1.68+0.16 0.44+0.09 294+16| - - - 1.49 0.10 232 -
50-100 m | 2.47+0.22 0.50+0.11 290+23| 2.68+0.06 0.56+0.13 309+29 2.64 0.39 267 -
100-200 m | 2.73+0.10 0.58+0.12 325+39| 2.96+0.03 0.63+0.10 307+22| 2.68 -0.99 197 -
200-300 m - - - 3.20 0.43 247 2.25 -1.07 163 - - -
300-500 m - 2.93+0.25 0.61+0.05 293+45 - - - 2.53 1.35 209
st.84
0-50m | 2.33+0.19 0.51+0.07 284+25| - 1.57 0.34 232 -
50-100 m | 2.56+0.07 0.59+0.07 302+33 - - - 2.26 0.01 244 -
100-200 m | 3.00+0.03 0.56+0.04 294+29| 2.91+0.12 0.47+0.08 290+23| 2.51 0.16 232 -
200-300 m - - - 3.28 0.45 263 - - - -
300-500 m - - - - - -

Thed®C,, varied in 0-500 m between 1.1-2.4 %o, showing slight variations with inreasing
depth (Figure 16). Only at the surface (0 m) at stations 77-82 did d**C,. show higher values,
while no depth dependent d**C variations were found in the Polar water. The d*C values of
N. pachyderma (s.) varied from -0.4 to 0.6 %0 aong the transect, being much higher than the
d**C values of T. quinqueloba at -1.7 and 0.4 %o (Table 4). In the upper 0-200 m, the d**C
values of nonencrusted N. pachyderma (s.) increased with increasing depth (Dd**C max. 0.4
%) and tended to have heavier d**C values in Polar water (0.5+0.1 %o) than those found in
Atlantic water (0.2+0.2 %o). Encrusted N. pachyderma (s.), similarly to nonencrusted speci-
mens, tended to heavier d**C values (0.5+0.1 %o, n = 6) in Polar water than in Atlantic water
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(0.1+0.2 %0, N=19), but varied irregulary with depth. Due to the low resolution, no statement
concerning d*C depth distribution of nonencrusted T. quinqueloba was possible. With an
average of 0£0.5 %o, nonencrusted T. quingueloba in the Polar water showed much heavier
d**C values than in Atlantic water (-1.4+0.2 %o0). Thed™C of encrusted T. quinqueloba ranged
from -1.4to -1.0 %0 and did not vary systematically with depth or location. Encrusted T.
quinqueloba were with 0.3 £ 0.2 %o, (n = 3) not significantly heavier in d**C than nonencrusted
shells. In the upper 0-200 m, the d**C values of N. pachyderma (s.) and T. quinqueloba were
on average 1.0£0.3 %o and 2.2+0.7 %o lighter thand™C,,..
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4. Discussion

4.1 Distribution of Planktonic Foraminiferain the Study Area

4.1.1 Species Distribution Pattern

According to Bé & Tolderlund 1971, the assemblages of planktonic foraminiferain high
latitude enviroments consist of the subpolar species. T. quinqueloba, right-coiling N. pachy-
derma, G. bulloides, G. scitula, G. uvula and a single polar species: left-coiling N. pachy-
derma. Using nets with 200-um mesh size, their plankton tow surveys of the Atlantic Ocean
showed the species distribution of planktonic foraminiferato be primarily controlled by sea sur-
face temperature. The large vertical gradients in temperature and salinity in the survey area, due
to summer warming and ice-melting, lead however to the conclusion that SST (Sea Surface
Temperature) and SSS (Sea Surface Sdinity) are not reliable indicators of different water
masses, which justifies examining the average temperature and salinity in the O to 50 m.
Corresponding to the main habitat (life depth) of N. pachyderma (s.) and T. quinqueloba and
due to different residence times of both speciesin the water column (Arikawa, 1983), the
following will present an average foraminifera species composition in the upper 0-200 m
(Table 5, Figure 19).

Table 5: Average foraminiferal composition (0-200 m), mean temperature and salinity (0-50 m)
in different current regimes in the survey area.
(%)

N.pach(s) T.quin G.glu N.pach(d) Gbul Guw Oried Gsci  Giinfl T(°C) S(psu)

Labrador Sea

Labrador Current 374 27.8 25.0 25 4.7 26 0 0 0 6.5£0.5 34.3+0.2
Convection Area 19.6 46.8 20.8 26 6.4 35 0.3 0 0.1 7.2¢1.0 34.6+0.03
Atlantic Water 24 394 41.0 29 2.2 9.7 0.2 0.2 20 99+2.1  34.7£1.0
Greenland Sea (75°N)

East Greenland 425 55.8 0.1 12 0.3 0 0 0 0 0.9+0.6  34.1+0.3
Current

Arctic Water 43.9 55.1 0 0.6 0.3 0 0 0 0 25+04  34.7+05
West Spitzbergen 12.3 80.1 55 0.3 0.1 16 0.1 0 0 58+0.6  35.1+0.1
Current

Fram Strait (80°N)

East Greenland 63.4 33.0 0.1 24 0.5 0 0 0 0 -1.6:£0.1 33.0+0.4
Current

West Spitzbergen 10.7 88.2 0.4 0.2 0.2 0.1 0.1 0 0 1.0+1.6  34.1+05
Current

N.pach (s.): N. pachyderma (s.); T.quin: T. quinquelobg; G.glu: G. glutinata; N.pach (d.): N. pachyderma (d.); G.bul: G. bulloides; G.uvu:
G. uvula; O.ried: O. riedeli, G.sci: G. scitula; G.infl: G. inflata

In the present study, established species composition in the Labrador Sea (49-59°N) was
much more diverse than in the Greenland Sea (75°N) and Fram Strait (80°N), where atwo
species-assemblage was recorded (Table 5, Figure 19). This clearly reflects latitudina and
temperature influence on the species diversity and is in agreement with observations of Bé &
Tolderlund (1971).
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Discussion

nic foraminifera. A summary of this problem is given e.g. by Berger (1969) and Carstens et al.
(1997). In the present study, for example, N. pachyderma (s.) accounts for > 60 % of the
foraminiferal abundance only in the East Greenland Current at 80°N (T« -1 °C) (Table 5, Figure
19). Opposed to this, Bé & Tolderlund (1971) described N. pachyderma (s.) as the single
dominant species of the polar province (0-5°C). The main cause for this contrast might result
from the higher proportion of T. quinqueloba found in the present study. Because T. quin-
gueloba is most abundant in the 63-125 um size-class, the proportion of this species was
underestimated in the >200 um size fraction examined by Bé & Tolderlund (1971). Thisis
confirmed by other surveysin the Fram Strait, which obtained similar proportion of N. pachy-
derma (s.) in the Polar water. Using 63-um nets mesh, Carstens et al. (1997) found that the
assemblage of planktonic foraminiferain the Polar water was dominated by N. pachyderma (s.)
with a proportion of 60 %, whereas V olkmann (2000a) observed a proportion of 70 % upon
analysing the »125 um size fraction.

In the Labrador and Greenland Seas, at higher average temperatures, lower relative abun-
dances of N. pachyderma (s.) were found in the polar province compared to the Fram Strait
(Table 5, Figure 19). This abundance decrease within the polar province in the survey area
seems dependent upon water temperature. This can also be seen from Greenland Sea data at
75°N published by Jensen (1998). He found in the East Greenland Current in October 1995, at
similarly low temperatures (<-1°C) asin the Fram Strait in July 1999 (this study), a correspon-
dingly high proportion (61 %) of N. pachyderma (s.), whereas in the present study, a lower
relative abundance of this species at higher temperaturesin East Greenland Current (75°N) was
found compared to Jensen (1998). No findings regarding the foraminiferal assemblage using
small mesh nets in the Labrador Sea have been published yet. As opposed to the investigation
of Stehmann (1972), who could only find two species: N. pachyderma (s.) and G. bulloides in
the Labrador Sea, Baffin Bay and Davis Strait, using nets of 200 pm mesh size. In the present
study however, two subpolar species: T. quinqueloba and G. glutinata were found to be domi-
nant besidesN. pachyderma (s.) in the Labrador Sea, further emphasizing the strong influence
the mesh size has on species composition. Compared to the Labrador Sea, the proportion of G.
glutinata sharply decreased in the polar province of the Greenland Sea and Fram Strait, leading
the foraminiferal assemblage to be dominated by only two species, N. pachyderma (s.) and T.
quinqueloba. The surveys using net mesh of 63 um (Carstens et al., 1997; Jensen, 1998) show
asimilar species composition. The sediment trap studies carried out in Arctic water of the
Greenland Sea (75°N), which obtained a proportion of 40 % N. pachyderma (s.) and 54 % T.
quinqueloba in July 1994 (Jensen, 1998), also agreed well with species composition found in
July 1999 in this study (Table 5).

In the Atlantic water of the Labrador Sea (T=7-10°C), the foraminiferal assemblage was do-
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minated by T. quinqueloba and G. glutinata with a higher proportion of other subpolar species
(Table 5, Figure 19). Relative to the Labrador Sea, the species diversity sharply decreased in
the Greenland Sea and Fram Strait (T=1-6°C), where in the Fram Strait the least percentage of
subpolar species (~4 %) were found. The assemblage of planktonic foraminifera in the
Greenland Sea and Fram Strait was dominated almost exclusively by T. quinqueloba (>80 %).
In contrast, based on multinet samples from the summer of 1985, Carstens et al. (1997) noted
similar absolute abundances of planktonic foraminiferain the Fram Strait but alower proportion
(61 %) of T. quinqueloba. N. pachyderma (s.) and subpolar species account in their study for
35 % and 5 %, respectively. Volkmann (2000a), on the other hand, found similarly high
proportions of T. quinqueloba (>80 %) and subpolar species at 5 % in the >125 pm size class,
taken in 1997. Thisincrease in relative abundance of T. quinqueloba in the years 1997 and
1999 compared to the year 1985 may possibly be explained by the warming of the Atlantic
inflow into the Arctic ocean by 0.5 to 1°C, which has been observed since the 1950s
(Macdonald, 1996).

The correations between different hydrographic regimes and relative abundance of N.
pachyderma (s.) and T. quinqueloba were used to cal culate the optimum temperature and sali-
nity ranges, according to Berger (1969):

T,=&T P

i=1 !

' Nfi /éjlpi ' Nfi (11)

T,;: average temperature or salinity at the station i, P;: species percentage at station i, N;: abun-
dance of total foraminiferal population at the station i, n: number of stations.

Calculated temperature optimafor N. pachyderma (s.) and T. quinqueloba between 0-7°C and
1-9°C, respectively, were slightly lower than the species’ characteristic temperature range of 0-
9°C and 12°C in the North Atlantic (Bé und Tolderlund, 1971). The calculated salinity optimum
was about 34.3+0.6 psu for N. pachyderma (s.) and 34.5+0.3 psu for T. quinqueloba. The
known salinity optimafor N. pachyderma (s.) and T. quinqueloba were found by Bé (1977) at
the surface of the Indian Ocean, having a smilar range of 34.1+2.9 and 34.5+3.6 %o,

respectively. The size dependent shift of the species spectrum as well aslower spatial resolution
of multinet tows as compared to surveys of Bé und Tolderlund (1971), leads to changesin the
temperature optima of both dominant speciesin the survey area. Consistent with results of the
present study, Reynolds & Thunell (1986) observed that N. pachyderma (s.) in the northeast
Pacific prefers a habitat with temperatures of < 8°C in low stratified waters.
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4.1.2 Absolute Abundance and Depth Distribution of N. pachyderma (s.) and T. quinquel oba

While the species composition allows conclusions as to the dominant water masses, weak or
no correlation between the absol ute abundance of planktonic foraminifera and hydrographic
parameters were found in this study. The distribution of absolute foraminiferal abundance in the
water column is the product of a complex interaction between physical-chemical and biological
factors (Bé, 1977). The following chapter will discuss the relationships between some of these
factors and foraminiferal abundance.

In the Labrador Sea, N. pachyderma (s.) and T. quinquel oba are most abundant in the upper
0to 200 m (Table 6). A correlation between foraminiferal abundance and hydrographic para-
meters existed only in single depth intervals, leading the 0 to 200 m integrated abundances of
both species varied irregulary with temperature and salinity (Figure 20).

Table 6: Abundance maxima of N. pachyderma (s.) and T. quinqueloba in the study area:

N. pachyderma (s.) T. quingquel oba

Labrador Sea (ice-free) 0-200 m 0-200 m

Greenland Sea (75°N) (ice-freg) 50-200 m 50-200 m East Greenland Current
0-100 m 0-100 m Arctic Water
0-100 m 0-100 m West Spitzbergen Current

Fram Strait (80°N) (ice-covered) 0-100 m 0-100 m East Greenland Current
50-200 m 50-200 m West Spitzbergen Current

N. pachyderma (s.) was the only species to demonstrate a distribution trend as a function of
salinity in the Labrador Sea, preferably occuring in the less saline Labrador Current (Figure
20a-b). The largest numbers of this species, as well as the best correlation between abundance
and salinity (r 2= 0.52, n = 8), were found in the upper 0-50 m. The highest abundance of 121
Ind«m™® was reached at low salinity of 34.2+0.6 psu (Figure 3b, station 402), while at highest
salinity of 34.9+0.02 psu, the lowest abundance of 2.7 Ind*m? in 0-50 m was found (Figure

3b, station 381). Bé & Tolderlund (1971) also observed that N. pachyderma (s.) is generally
associated with low temperature and salinity. The salinity tolerance range of this species is
however extremely wide. Laboratory experiments on individuals living in Antarctic sea ice
demonstrated that N. pachyderma (s.) tolerates salinities higher than 60 psu (Spindler, 1996).

In contrast, a weak correlation was found between the abundance of T. quinqueloba and
temperature (Figure 20c-d). Similarly to N. pachyderma (s.), the abundance of T. quinqueloba
and temperature was better correlated in the upper 0-50 m (r 2= 0.8, n = 8). This species reach-
ed the highest abundance of 143 Ind«m™ in the North Atlantic Current, at the highest average
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temperature of 12+1.4°C (Figure 3c, station 404). The proportion of dead individuas rose
however with increasing total abundance. The lowest numbers of T. quinqueloba (3.8 Ind*m?)

were found at the lowest temperature of 6.3+0.1 °C in the convection area (Figure 3c, station
352).
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Figure 20: Absolute abundances of (a-b) N. pachyderma (s.) and (c-d) T. quinqueloba in the
upper 0-200 m (integrated values) versus average temperature and salinity (0-50 m) in the Labra-
dor Sea (M 39/4).

In the 50-100 m depth interval, the abundance of both species and hydrographic para-
meters already showed aweaker correlation compared to the upper 0-50 m. In 100-200 m, the
differences in temperature and salinity between most stations were aready slight, therefore no
correlation between foraminiferal abundance, temperature and salinity existed. The abundance
changesin 50-100 m and 100-200 m were not or just weakly correlated with variations in tem-
perature and salinity in 0-50 m. Thisindicates that both species prefer a habitat above 50 min
the Labrador Sea and that a secondary abundance maximum below 50 m to be aresult of active
sinking and/or sedimentation. This assumption is consistent with d**0O data of N. pachyderma
(s.) from surface sediments in the Labrador Sea, discussed by Wu & Hillaire-Marcel (1994).
They found that N. pachyderma (s.) secretesits test in the surface layer (colder than 8°C, below
the temperature tolerance limit) during summer. Similar to the conclusion of the present study,
T. quingqueloba as a symbiont-bearing speciesis general accepted as adapted to the uppermost
50 m (Hemleben et al., 1989).

According to Bé (1977), N. pachyderma (s.) changes its preferred habitat below 100 m
when the water temperature decreases, living closer to the surface. Despite relatively low tem-
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peratures in the Greenland Sea and Fram Strait, N. pachyderma (s.) usualy occurs in greater
depths in these regions compared to the Labrador Sea. In the Greenland Sea and Fram Strait, T.
guinqueloba shows asimilar depth distribution as N. pachyderma (s.) (Table 6).

In the ice-covered Fram Strait, N. pachyderma (s.) and T. quinqueloba changed their habitat
between the different water masses (Figure 14c-d). Both species were most abundant in 0-100
m in Polar water and between 50 and 200 m (exception: st. 77) in Atlantic water (Table 6). This
deepening of the main habitat along the transect seems to depend on the subsidence of Atlantic
water below Polar water and sea ice meltwater. Only in the 0-50 m depth interval did the
abundance of N. pachyderma (s.) significantly increase in Polar water compared to Atlantic
water (Figure 21c), while no significant changes in abundance were found below 50 m. Since
low sdlinity and temperature are associated with each other, the abundance of N. pachyderma
(s.) inupper 0-50 m was inversely correlated with both parameters (Figure 214, c).
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Figure 21. Distribution of (a-b) temperature (solid line) and salinity (dotted line), (c) N. pachy-
derma (s.), (d) T. quinqueloba in the 0-50 m (non-filled symbols) and 50-100 m (filled symbols)
depth intervals along the 80°N-transect in the Fram Strait. Note different scales. PW: Polar water;
AW: Atlantic water.

As opposed to N. pachyderma (s.), the abundance of T. quinqueloba drastically decreased in
the cold and less saline Polar water (Figure 21b, d), showing the best positive correlation with
average temperature and salinity in the upper 50-100 m.

The strong increase in absolute abundance of N. pachyderma (s.) and T. quinqueloba in the
Arctic water (Greenland Seaat 75°N), aswell as the variations in the main habitat of both spe-
cies (Table 6) was however not correlated with variations in temperature and salinity (Figure 22
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a-b). This suggests that temperature and salinity are not the dominant factors controlling the
distribution of absolute foraminiferal abundance in the water column. Ortiz et a. (1995) reached
asmilar conclusion in the Cdifornia Current, where out of seven examined species only G.
ruber exhibited a temperature dependent distribution. Carstens & Wefer (1992) also did not
believe distribution patterns of N. pachyderma (s.) and T. quinqueloba in the Nansen Basin to
be controlled by temperature alone.
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Figure 22: Greenland Sea (75°N): Distribution of (@) average temperature (solid line) and salini-
ty (dotted line) in 0-50 m, (b) absolute abundances of N. pachyderma (s.) and T. quinqueloba in
the 0-200 m (integrated values). PW: Polar water; ArW: Arctic water; AW: Atlantic water.

A comparison between the distribution of N. pachyderma (s.) and T. quinqueloba in the
Polar and Atlantic water along the 75°N-transect (ice-free) and 80°N-transect (ice-covered)
indicates the lower abundances of both species in the ice-covered Fram Strait can be attributed
to the ice coverage only, but not the changes of their main habitat (Table 6). The maximum
abundances were established in the ice-covered Polar water in 0-100 m and in the ice-free Polar
water between 50 and 200 m. An inverse relationship was found in the Atlantic water: in ice-
free and ice-covered conditions, the abundance maximum was found in 0-100 m and 50-200 m,
respectively. The literature references on the influence of ice coverage on foraminiferal abun-
dance are partly contradictory. In contrast to studies of Jensen (1998) and VVolkmann (2000a) in
the Fram Strait, Carstens et a. (1997) established that the abundance of planktonic foraminifera
correlates with the degree of the ice-coverage. Volkmann (2000a) reported, N. pachyderma (s.)
and T. quinqueloba prefer a shallow depth habitat (0-50 m) under the permanent ice cover and
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migrated in ice-free areas below 100 m in the Laptev Sea, Fram Strait and Barents Sea.

Like all planktonic organisms, the distribution of planktonic foraminiferain the water co-
lumn is usually non homogenous (patch-wise) (e.g. Boltovskoy, 1971; Hemleben & Spindler,
1983; Carstens & Wefer, 1992). The very high abundances of T. quingueloba established at
station 81 in the Fram Strait (Figure 14d) may be explained as aresult of patchiness (small scale
variations in abundance). The continuous increase in abundance of N. pachyderma (s.) and T.
quinqueloba in the Arctic water relative to other water masses in the Greenland Sea (Figure 22a-
b) can not be explained with patchiness, however.

Several authors report the increase of foraminiferal concentrations offshore (e.g. Vilks,
1973; Ortiz et al., 1995; Berberich, 1996). In the Greenland Sea, the abundance of N. pachy-
derma (s.) and T. quinqueloba rose at stations with the greatest water depth (see Table 1). The
fact that partly higher abundances were established for some near coast stations than for
offshore stations indicates however, that water depth was not the primary controlling factor for
the detected increase in foraminiferal abundance.

Besides the parameters discussed above, the food supply (e.g. chla concentrations) can lead
to changes in foraminiferal abundance. Most planktonic species live in the euphotic zone, where
they find the largest diet source of phytoplankton and zooplankton. The examination of the
feeding vacuoles of planktonic foraminiferafrom the multinet tows and laboratory cultures has
shown most foraminiferal species to be omnivorous (Anderson et al., 1979; Spindler et al.,
1984). The spinose species (like T. quinqueloba) show a preference for zooplankton, while the
non-spinose species (like N. pachyderma (s.)) are more herbivorous (Anderson et al., 1979;
Hemleben & Auras, 1984; Hemleben et al., 1985). In the sampling period of this study (mid till
end of July), the depth distribution of foraminiferal abundance and chla concentrations were not
correlated. The maximum abundances of N. pachyderma (s.) and T. quinqueloba, as arule,
were found below the chla maximum (0-50 m) in the Greenland Sea and Fram Strait. This
result isbeing confirmed by another study in the Fram Strait (Volkmann, 2000a), which
established an abundance maximum of N. pachyderma (s.) and T. quingqueloba below the chla
maximum as well. The highest concentrations of N. pachyderma (s.) in the summer monthsin
Antarctica were also found below the maximum of the phytoplankton biomass (Berberich,
1996). In contrast, some authors established the highest abundances of asymbiotic species at
the chlorophyll maximum in the North Atlantic (Fairbanks & Wiebe, 1980; Fairbanks et al.,
1982). The maximal abundance of N. pachyderma (s.) coincided with the chlamaximum in the
NEW-Polynya aswell (Kohfeld et al., 1996).

Although N. pachyderma (s.) is regarded as a species feeding on phytoplankton (Hemleben
et a., 1989), the horizontal distribution of this speciesin the Greenland Sea and the Fram Strait
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was also not correlated with chla concentrations. In the Greenland Sea at 75°N, a seasonal
thermocline was established during the sampling period. Much higher chla concentrations (0.6-
3.7 ug/l) and foraminiferal abundances were found there when compared to the Fram Strait at
80°N (0.3-1.2 pgchla /), where sea-ice melting, which is highly variable in time and space,
controls the stratification. The development of the phytoplankton bloom, which is dominated by
diatoms (Bauerfeind et al., 1994; Kohly, 1998), occurs in the Greenland Sea in May-June
(before Mid-July) and is dependent on the ice-coverage. The occurence of phytoplankton bloom
and the zooplankton biomass in the Greenland Sea are temporally not coupled with each other
(v. Bodungen et al., 1995), which would explain the chla independent distribution of N.
pachyderma (s.) in this region.

Thelack of correlation between the distribution of N. pachyderma (s.) and chlaconcentra-
tions established in this study suggests that the trophic strategy of this species does not only
include algae. The electron microscope examination of the feeding vacuoles of this species sub-
stantiates, that N. pachyderma (s.) ingests manly diatoms and other eukaryotic agae
(Anderson et a., 1979; Kohfeld et al., 1996). Specimens kept in alaboratory culture feed on
algae aswell (Spindler, 1996). In the present study, the individuals of N. pachyderma (s.) in
the multinet samples had a light-green, brown and " copepod-orange" cytoplasm, which might
be an indication for the species” omnivorous diet. The feeding behaviour of T. quinqueloba
under natural conditionsis still unknown. According to Hemleben et a. (1989), T. quin-
gueloba is regarded as symbiont-bearing, which would explain its chla independent distri-
bution. The cytoplasm of this species in the multinet samples was usually of pale white,
golden-green and light-brown colour.

4.1.3 Reproductive Cycles

The abundance and the shell size of planktonic foraminifera are above al influenced by the
reproduction synchronized with the lunar periodic cycle (e.g. Spindler et a., 1979; Bijmaet al.,
1990a; Erez et al., 1991). In the lower latitudes, a synchrone reproduction of alarge number of
gametes was found in fixed water depths for some foraminiferal species (Hemleben et al.,
1989). Erez et al. (1991) used the abundance, mean shell size and kummerforms percentage of
the tropical species G. sacculifer to derive the lunar reprodictive cycles. According to them, the
population had grown in just a few days before the full moon and sinks below the euphotic
zone in order to reproduce. A synchrone gamete release during the full moon initiates the
reproduction there. After the gametes fusion (zygote formation) and a further devel opment, the
juveniles start to rise to the euphotic zone during the new moon. The foraminiferal development
includes five stages before the lunar cycle begins anew (Brummer et al., 1987; Lee &
Anderson, 1991). The reasons for the vertical migration might include the optimal nutrient con-
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ditions in thermocline and chlorophyll-maximum (Murray, 1991) and better living conditionsin
non-influenced depths (no ice-coverage) as well asthe lack of predators. Accordingly, the fora-
miniferal organisms must have a mechanism allowing for buoyancy. Besides the spines and
pseudopodia net, Anderson and Bé (1976) suspect the existence of vacuolated fibrillar systems.

The influence of the moonlight (light/dark differences) was seen as a triggering mechanism
of the synchrone reproduction in low latitude enviroments. The few studies with the timing of
the lunar periodicity conducted in the polar regions (Carstens, unpublished data; Berberich,
1996; Volkmann, 2000a), indicate that the reproduction of N. pachyderma (s.) and T. quinque-
lobais influenced by lunar cycles in these regions as well. The short or non-existent dark
phases during the time of the new moon above 55°N, especially during the summer, lead to the
assumption that not the moonlight itself, but rather the changes in the earth’s magnetic field
trigger a synchrone reproduction at these latitudes (Bijmaet al., 1990a).

The samples being examined in this study were taken in different regions and at variable
times, therefore the reproductive cycles are only partially discernible (Figure 23). The lunar
periodicity may be masked due to the complex hydrographic regime in the survey area, as well
asthe different sampling period. Even so, the combination of all data setsled to the assumption
that N. pachyderma (s.) and T. quinquel oba reproduce around the full moon in these regions.

In the Labrador Sea, the shell size of N. pachyderma (s.) and T. quinqueloba sharply increa
sed between 50 and 200 m four days before the full moon (Figure 4). One day before the full
moon, a decrease of the mean shell size evident in all depths occured. At the same time, the
proportion of dead individuals reached the maximum in 0-200 m (Figure 23c and 24). These
results indicate that the gametogenesis of both species takes place two or three days before the
full moon. Besides the shell size changes, N. pachyderma (s.) showed aincrease of abundance
below 50 m depth four and one days before the full moon (Figure 3b, stations 361 and 366).
Since 50-61 % of living N. pachyderma (s.) in the 63-139 um size-fraction were found in the
0-50 m depth interval in the Labrador Sea, whereas larger and mature individuals with a high
proportion of reproductive characteristics occured in 100-200 m, the vertical migration during
the ontogenesis may be concluded. Arikawa (1983) and Berberich (1996) also assumed that the
reproduction of N. pachyderma (s.) occurs in deeper water layers. In contrast, in the Panama
Basin Bé et al. (1985) noted the similar depth distribution of the juvenile and adult population
for G. theyeri and G. dutertrel, concluding that the reproduction of these species has to occur
before the sinking of adults below the euphotic zone. They calculated the rising vel ocities of
0.5-2 m/d and 8-50 m/d for 5-10 pum large proloculi and multichambered individuals between
20-50 pum, respectively. Based on these calculations, the rising of juvenile N. pachyderma (s.),
which in the Labrador Sea have to cross about 50 m of the water column does not seen impro-
bable.
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Similar to N. pachyderma (s.), the abundance of T. quinqueloba in the Labrador Seaincrea
sesin 50-300 m one day before the full moon (Figure 3c, station 366). On the third and fifth
day after the full moon, the abundance of this species was higher in 100-200 m compared to the
upper 0-100 m (Figure 3c, stations 376 and 381). The maximum abundances and the smallest
individuals of T. quinqueloba were found in 0-50 m three and four days before the new moon,
which indicates arising of juvenilesinto the surface water. As opposed to T. quinqueloba, the
abundance of N. pachyderma (s.) on the third and fifth day after the full moon stays low in O-
200 m, while the shell size increases slightly (Figure 23a-b and 24). After fourteen days (four
days before the new moon), the shell size of N. pachyderma (s.) slightly increases at strongly
increasing abundance in 0-50 m. The shell size of this species increased again on the next day,
the abundance however decreased dramatically, in al probability due to non-optimum con-
ditionsin the North Atlantic Current.
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Figure 25: Frequency distribution of N. pachyderma (s.) and T. quinqueloba for 0-200 m in the
Greenland Sea and Fram Strait including the new moon (13.07.1999). The width of each size
classis 23 um. M-mean, SD-standard deviation, SE-standard error, n-counts. For further explana-
tions see legend on page 48.

In the samples from Greenland Sea, which were taken around the new moon, both
species show a strong increase in abundance at decreasing shell size (Figure 23a-b and 25).
These variations in abundance and size can not be explained by either hydrographic conditions
or chla concentrations (Chapter 4.1.2). The highest abundances and smallest shells of N.
pachyderma (s.) and T. quingqueloba were found one day after the new moon in 0-50 m and 50-
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Figure: 25: Continued.

100 m depths, respectively (Figure 10c-d and 11, station 43). Three days after the new moon, a
strong decrease in abundance of N. pachyderma (s.), coupled with an increase in shell size,
occured in the Atlantic water, while T. quinqueloba showed a dight decrease in abundance
parallel to increasing shell size (Figure 10c-d and 11, stations 51-66).

In the samples taken after eight days in the Fram Strait, both species showed an increase in
shell size one day before the full moon (Figure 23b and 25). The transect at 80°N was sampled
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within two days (one and two days before the full moon), in thistime, the mean shell size of N.
pachyderma (s.) and T. quinqueloba increased on average by 51 and 14 um, respectively
(Figure 25). Beside the forthcoming reproduction, the optimal hydrographic conditions
(Hemleben et al., 1989) and the higher light intensity in case of symbiont-bearing species
(Spero & Lea, 1993) can lead to the formation of the larger shells. Only in the Fram Strait,
however, aweak negative correlation between temperature and mean shell size of N. pachy-
derma (s.) was found in the present study (Figure 26).

250

(@) y=-110x +1733 (b) y=1,8x - 36.2
o R =05 - RZ=07
o n=20 ] o n=12
o

393
(=3
(=]

N. pachyderma (s.)
mean shell size (um)
I
(=)

o

[¢]
o
e)
°%
8%00
o %o
o

—_
(=
(=]

50

2 -1 0 1 2 3 4 50 100 150 200 250
T. quinqueloba

average temperature (°C) mean shell size (um)

Figure: 26: Relationships between mean shell size of N. pachyderma (s.) and (a) temperature,
(b) mean shell size of T. quinqueloba, 0 to 200 m, in the Fram Strait (80°N).

Bijmaet al. (1990b) noticed that larger shells of single species are more likely to result from
optimal temperature and salinity than from extreme conditions. The very low temperatures and
sdinities in the East Greenland Current (80°N) rather indicate the rapid increase of N.
pachyderma (s.) and T. quinqueloba in shell size to be attributed to the imminent reproduction
around the full moon.

The assumption of the reproductive cyclesfor N. pachyderma (s.) and T. quinqueloba is
further supported by the distribution of individuals with gametogenetic cacification and an
atypical last chamber (kummerform chamber) (Figure 23d-e). In the last (terminal) stage of
foraminifera development, the ultrastructure of the shellsis drastically altered with the resorp-
tion of the spines and chambers septa (Brummer et a., 1987), the formation of the kummer-
form and a gametogenetic calcite crust (Hemleben et al., 1989). The maximum percentage of
kummerform N. pachyderma (s.) in 0-200 m (5 %) in the Labrador Sea was found three days
before the new moon, while the most encrusted individuals (45 %) were detected four days
before the full moon (Figure 23d-e). T. quinqueloba, on the other hand, showed a highest
proportion of kummerforms (0.2 %) and secondary calcification (11 %) four days before the
full moon (Figure 23d-e). The samples from the Greenland Sea and Fram Strait, due to alow
temporal resolution, do not allow areliable statement regarding the distribution of individuas
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with reproductive characteristics with timing of the lunar cycle. The maximum proportion of
encrusted N. pachyderma (s.) about 36 % and kummerforms (24 and 16 %) in the Atlantic
water were each found on the third day after the new moon and two days before the full moon
(Figure 23d-e). T. quinqueloba in the Greenland Sea showed the highest proportion of
kummerforms (2 %) and secondary calcification (13 %) one day before the new moon (Figure
23d-€). In the Fram Strait, this species showed one and two days before the full moon a similar
proportion of kummerforms and secondary calcite of 2 and 9 %, respectively. The changesin
distribution of individuals with reproductive characteristics and absolute abundance in the
Labrador Sea indicates a semi-lunar and lunar periodicity for N. pachyderma (s.) and T.
guinqueloba, respectively. This conclusion is supported by the study of Arikawa (1983), who
used the net tows and sediment trap data from the Northwest Pacific to calculate the turnover ti-
mes of 14-15 and 22 days for N. pachyderma (s.) and T. quinqueloba, respectively. Hemleben
et al. (1989) assumed alunar cycle for T. quingueloba as well.

According to Arikawa (1983), the gametogenetic calcite crust accounts for > 50 % of the total
shell mass for N. pachyderma (s.), whereas T. quinqueloba just seals the pores with calcite
after the shedding or resorption of the spines prior to gametogenesis (Hemleben et al., 1989).
In contrast, other authors established for some non-spinose species, that the secondary calci-
fication may be induced by low temperatures (Hemleben & Spindler, 1983; Hemleben et al.,
1989; Srinivasan & Kennett, 1974). In this study however, no correlation between variationsin
temperature and secondary calcification was detected. The proportion of encrusted N. pachy-
derma (s.) and T. quinqueloba accounted for maximally 67 % and 32 % (per depth interval) in
the upper 0-200 m, being in all samples higher than the proportion of kummerforms with
maximaat 29 % and 5 %, respectively. The induction of kummerform phenotype occurence are
not sufficiently understood yet. While some authors (Berger 1969, 1970; Hecht, 1976;
Berberich, 1996) interprete the existence of kummerform chambers as an indication of the
enviromental stress (e.g. slowing growth due to insufficient food supply), other authors
established that the reproductive processes induced its formation (Olsson, 1973; Hemleben et
al., 1989; Bijmaet al., 1990a). In the present study, the abundance of kummerforms and
temperature, salinity, chla concentrations are uncorrelated. Even with the extreme temperature
and sdlinity in Polar water (Fram Strait), no significant increase of individuals with this
characteristic was found. The variation in kummerform phenotypes for N. pachyderma (s.) and
T. quinqueloba can therefore not be unambiguously interpreted as a result of enviromental
stressin this study. Thisis being confirmed by Bijmaet al. (1990b), who in the laboratory
culture of tropic and subtropic species only rarely detected the kummerform chamber formation
at extreme temperature and salinities. Consistent with studies by Carstens (1988) and Berberich
(1996), reproductive characteristics were however already found on individuals as small as 80
um (Figure 24 and 25), indicating that both reproduction as well as enviromental stress can re-

50



Discussion

sult in the formation of kummerforms and secondary calcite crust.

4.2 I sotopic Composition of N. pachyderma (s.) and T. quinqueloba

4.2.1 Effect of Size, Weight and Encrustation on the Stable | sotope Composition of
N. pachyderma (s.) and T. quingueloba

An important question for paleoceanographic interpretationsis, how accurately the d**0 and
d**C values of planktonic foraminiferareflect the conditions in the water column. The isotopic
composition of foraminiferal testsisinfluenced by both enviromental conditions (temperature,
salinity, foraminiferal diet, [CO,*] and pH) and by the ontogenetic development of foraminife-
ral species (e.g. Epstein et al., 1951; Berger et al., 1978; Curry & Matthews, 1981; Bouvier-
Soumagnac & Duplessy, 1985; Spero, 1992). The growth of planktonic foraminiferaincludes
two processes. the formation of chambers (accretionary growth) and in later development stages
the formation of a secondary calcite crust (Hemleben et al., 1989). While the accretion of cham-
bersleads to an increase in shell size, the shell encrustation rather causes an increase of the shell
density due to the increasing weight (Schweitzer & Lohmann, 1991; Lohmann, 1995).

The shell sizeis an important factor influencing the d**O and d*3C incorporation into the fora-
miniferal shells. The isotopic composition of single species may vary by more than 1 %o as a
function of shell size (Berger et al., 1978; Curry & Matthews, 1981). Detailed studies of the
isotope signal on N. pachyderma (s.) in the Labrador Sea have established that the nonencrus-
ted shells tend to heavier d*#O values with increasing size. For example, the d®O value within
the 150-240 ym size fraction at stations 361 (0-200 m) and 402 (0-50 m) increased by
aproximately 0.26 %o and 0.41 %o, respectively (Figure 6a). One hypothesis to explain this
d®0O increase in larger shells are the changes of metabolic rate during ontogeny. In culture
experiments on the asymbiotic, spinose species G. bulloides, Spero & Lea (1996) detected a
d®0 increase over the 180-500 um size range. They suggest, that in earlier stages of fora-
miniferal development more of the isotopically light metabolic CO, is used for chamber for-
mation than in later stages. In contrast, no significant differencesin d®O with increasing size
were found for nonencrusted N. pachyderma (s.) in the Labrador Sea below 200 m depth
(Figure 6a). Thisisin agreement with observations in the Fram Strait, where no variationsin
d®0 as a function of shell size (all depth intervals) in the examined size classes between 190-
360 um and 150-240 um for N. pachyderma (s.) and T. quinqueloba were established (Figure
17).

Assuming that N. pachyderma (s.) secretesits shellsin equilibrium with seawater, the depth
at which the d*®O of foraminiferal shellsis approximately equal to the d**O predicted for inorga-
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nic calcite formed in equilibrium with seawater (dlsoEq, Equation 3) corresponds to the so called
calcification depth. The deviation of measured d**O from d'*Q,, is the so called "vital effect"
(Urey et al., 1951). The average d®O value of nonencrusted N. pachyderma (s.) in 0-50 m
reflected well the d180Eq in 10 m depth at station 402 (Figure 7). At this station, the vital effect
was reduced with increasing size as follows:

vital effect = -0.004* (size) + 1.1 r2= 0.87, n=17 (13)

The d*°O value of shellsin the 140-240 um size fraction was lighter than ¢**O,, whereas the
d**O of shells> 240 um were slightly heavier than d**O, in 10 m. Thisresult, as well as ahigh
noise of d®®O values detected at both examined stations (361 and 402) in the Labrador Sea, indi-
cate that the established d'®O increase with increasing shell size of nonencrusted individuals ma-
inly derives from the different distribution of larger and smaller individuals within the 0-50 m
depth interval. This assumption is being supported by the study of Hemleben & Bijma (1994),
who found the size dependent depth preferences for the distribution of G.sacculifer in the
productive zone. In their study, the upper 20 m constituted the preferred habitat for specimens
between 100-300 pum, whereas specimens >300 um were detected in the depth range from 20 to
40 m.

Besides the size dependent d'®O increasein nonencrusted N. pachyderma (s.), the d®*O
increased with depth at station 361 (Figure 7). There, the d'®*O of nonencrusted shell of the
same size fraction (140-240 ym) and weight (1.2+0.5 pg) increased in the 50-100 m depth
interval approximately by 0.34 %o relative to the upper 0-50 m (Figure 7). In contrast, the d**O
of nonencrusted shellsin this size fraction do not vary between 50-100 m and 100-200 m
depths. Since the weight of nonencrusted shells does not change throughout the water column,
the d"®O increase between 0-50 m and 50-100 m is interpreted as depth dependent variation.

Neither the encrusted N. pachyderma (s.) in the Labrador Sea and Fram Strait nor the
encrusted T. quinqueloba in the Fram Strait show a size dependent d*®O change in the present
study (Figure 6 and 17). In contrast, several previous studies of different size fractions have
demonstrated increasing d*®O with increasing size for N. pachyderma (s.) (Sautter & Thunell,
1989; Bauch et al., 1997; Volkmann, 2000b) and T. quinqueloba (Volkmann, 2000b). These
studies have shown no consistent offset from d**O, in size dependent d"*O variahility
however. Alderman (1996) even detected an d'®O decrease with increasing shell size. This
indicates the shell size to have no significant influence on the d*®O signal of encrusted shells,
therefore the changesin d'®O with increasing size to be mainly the result of various depth
distribution of different size classes (Sautter & Thunell, 1989; Alderman, 1996). Emiliani
(1971) aso concluded the variations in the isotopic composition of different shell sizesto result
from the change of the habitat depth during ontogenetic devel opment.
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The secondary calcification of N. pachyderma (s.) isinduced during the terminal stage and
linked to the alteration of the shell ultrastructure. Continued encrustation turns the shell pores
increasingly invisible. The secondary calcite crust, which consists of robust, euhedral calcite
crystals (Kennett & Srinivasan, 1983), accounted on average for 63 % of the total weight for
N. pachyderma (s.) (Chapter 3.1.2). Arikawa (1983) detected in the Northwest Pacific that the
secondary calcite crust of N. pachyderma (s.) may amount to more than 50 % of the tota
weight. Even though the encrusted shellsin the present study were on average ~35 % lighter in
weight than heavily encrusted shells, no significant differences in isotopic composition between
encrusted and heavily encrusted shells, as well as within each of the two encrustation groups,
were found. In the sediments from the Sulu Sea, Sautter (1998) detected upon examination of
dextral-coiled morphotypes from the genus Neogloboquadrina that the mass of secondary cal-
cite, or the degree of encrustation, is not a significant variable controlling the oxygen isotope
composition of the crystalline (heavily encrusted) and reticul ate textural groups.

In contrast, the nonencrusted N. pachyderma (s.) from the Labrador Sea (station 361) were
on average 0.6 %o depleted in d'®O relative to encrusted shells. At station 402 (0-50 m) in the
L abrador Sea and in the Fram Strait however, no systematic d**O differences between non-
encrusted and encrusted N. pachyderma (s.) were found. The d'®O values of nonencrusted T.
quinqueloba in the Fram Strait were not significantly lighter in d*®O than encrusted shells as
well. These resultsindicate that the d*®O increase in encrusted shellsis aresult of ontogenetic
migration of mature individuals in deeper and colder water. Due to athermally rather homo-
geneous water column in the Fram Strait (in the main habitat of planktonic foraminifera), the
influence of gametogenetic calcification on the oxygen isotope signal isless than in the more
stratified water column in the Labrador Sea. Similar resultsfor N. pachyderma (s.) have been
documented by other studies (Kohfeld et al., 1996; Simstich, 1999) and were inferred to be
caused by the addition of a secondary calcite in greater water depths. Duplessy et a. (1981) ha-
ve shown as well thed"®O changein G. sacculifer during gametogenetic calcification to be cor-
related with the sinking into the deeper water layers.

The d®C valuesin all examined calcification groups of N. pachyderma (s.) increased as a
function of shell size (Figure 6d-f). In the Labrador Sea at station 361, only encrusted shells
<300 pum showed clearly heavier d"*C values than the nonencrusted shells. The d*C values of
encrusted and nonencrusted shells are equalized with each other with increasing size, indicating
thedC signal of N. pachyderma (s.) to be primarly controlled by the size. That agrees with the
findings of Ravelo & Fairbanks (1995), who detected no weight dependent d*C changes for
asymbiotic speciesin the sediments of the tropical Atlantic.

The established relationship between d*3C and size for all examined calcification groups of
N. pachyderma (s.) (Equation 9) isin good agreement with the d**C progression versus size for
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the symbiont-bearing species G. sacculifer, given by Hemleben & Bijma (1994) (Equation 13).
The d™C values of both species track the logarithmic growth curve typical for planktonic fora-
minifera

d®C =-7.96 + 3.52 * Log(size) (13)

Accordingly, the shells of G. sacculifer are being more enriched in d**C (due to increasing
symbiont activity) during the ontogenetic development than shells of N. pachyderma (s.),
leading to larger d**C difference between both species with increasing size. The symbiont
activity is apossible explanation for the d**C values of T. quinqueloba in the Fram Strait to be
~1.2+0.4 %o (n = 30) lighter than d*C of N. pachyderma (s.). The d*®O values of both species
however differ with Dd™*C of 0.4+0.3 %o less severely, indicating the symbiont activity to only
dightly influence the d**O value of planktonic foraminifera. Spero et a. (1997) detected in
culture experiments examining the symbiont-bearing species O. universa, that the symbiont
activity cause the pH value in seawater to decrease due to increasing CO,> concentration. On a

[CO,*] increase of 100 mmol/kg, this species shows adecreasein d**C and d'®O of 0.7 %0 and

0.2 %o, respectively (Spero et a., 1997).

Thed"™C values of planktonic foraminifera are mainly determined by thed"C,,. (Dissolved
Inorganic Carbon) in the seawater (Berger et a., 1978; Bouvier-Soumagnac & Duplessy, 1985;
Spero, 1992). In the present study however, the d*C for all examined size-classes and
calcification groups from both Labrador Sea as well as the Fram Strait was clearly lighter than
the d°C,,. values (Figure 7 and 18). For the Labrador Sea predicted d“C,,. shows slightly
vertical variations over the 0 to 50 m depth. At station 402 on average 0.7 %o higher d"*C,.
values were calculated compared to station 361 (Figure 7). Despite of this difference, the d*C
of N. pachyderma (s.) shows no significant variation between the both stations. The magnitude
of the d®*C increase as a function of sizein N. pachyderma (s.) showed no station dependent
variations as well. The d"C difference between small and large shells (size effect) for non-
encrusted N. pachyderma (s.) at station 402 (0-50 m) was with aproximately 1.54 %o larger
than the d*C,,. difference between 10 and 50 m depth (0.84 %o). The size effect was reduced in
encrusted shells (station 361) and amounted with increasing size to a minimum of 0.9 %o for
shells> 330 um. The d**C variationsin N. pachyderma (s.) can therefore not be explained with
d**C,,. changes between both stations and are more likely influenced by metabolic processesin
this species. These results are being confirmed by other investigations on N. pachyderma (s.),
which have established this species to show lighter d**C than d°C,,., or be completely out of
equilibrium (Ortiz et al., 1996; Bauch et al., 1999; Simstich, 1999; Volkmann, 2000b). In
contrast, some sediment trap studies have established thatd*C of left and right-coiling N.
pachyderma show a clear seasonal signal and calcify in equilibrium with ¢*C of ambient water
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(Sautter & Thunell, 1989; Alderman, 1996). Ortiz et al. (1996) have suggested that carbon
isotope disequilibrium of foraminifera shells in the plankton tows may result from an
increasing metabolic rate, related to temperature and/or food supply. The influence of tempe-
rature ond™C of planktonic foraminifera results from a change in isotopic fractionation that is
caused by the change of the metabolic rate. The calibration studies of N. pachyderma (s.) in the
South Atlantic reached the conclusion that carbon isotope disequilibrium is caused by several
factors, including a combination of diet, calcification temperature and carbonate ion chemistry
(Kohfeld et al., 1998, 2000). The change of the habitat depth is able to influence the d**C
values of planktonic foraminifera. The study of Kroon (1988) shows that the deep dwelling
species prefer to incorporate the isotopicaly lighter d**C.

4.2.2 The Estimation of Disequilibrium in d**O andd**C

In the view of isotopic composition of N. pachyderma (s.) up to now, the oxygen isotopic
equilibrium has been assumed. At the examined stations in the Labrador Sea, the d**O values of
N. pachyderma (s.) reflect the predicted dmOEq in the upper 50 m. Since no equilibrium shell
calcite precipitation has been experimentally demonstrated for this species, this assumption is
not necessarily correct. In order to be better able to compare results from this study with other
studies, the deviation from isotopic equilibrium was at first calculated as the difference from the
average dlBOEq or d**Cy,. and isotopic composition of N. pachyderma (s.) and T. quinqueloba
per depth interval:

Dd®O(vital effect) = d* O~ d"*Oy,, (14)
Du*C(vital effect) = d*C, - d*Cyy, (15)

Vital effects calculated correspondingly to the main habitat for the upper 0-200 m show a good
agreement with the references from literature (Table 7).

Based on the concept of McConnaughey (1989), Ortiz et al. (1996) in the California Cur-
rent used the slope of the d*®0 to d**C disequilibrium relationship of 0.37 to estimate the equi-
librium points for several planktonic species. For biogene calcite, redistic d®®*0:d™C slopes of
0.32 and 0.29-0.41 (~0.34) were established for encrusted and nonencrusted N. pachyderma
(s.) at the surface (0-50 m) in the Labrador Sea. The equilibrium points for both calcification
groups were calculated using the slope of 0.32 (Figure 27). Accordingly, the average isotopic
composition of encrusted and nonencrusted shells was lower than the equilibrium by 0.7 and
1.0 %o for d**0 and 2.1 and 2.8 %o for d**C. A similar vital effect for this species was establi-
shed by Ortiz et al. (1996) (Table 7). The equilibrium points for encrusted shells collected
below 50 m (station 361) were between 50 and 75 m (Figure 27), whereas the equilibrium poi-
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nts of nonencrusted shells, aswell as for encrusted N. pachyderma (s.) collected at station 402,
were in the upper 0-50 m. This result agrees well with the sediment surface study of Wu &
Hillaire-Marcel (1994), who found in the Labrador Seathat N. pachyderma (s.) secretes its test
in the surface layer during summer.

Table 7: Compilation of the vital effects calculated in this study and literature references.
N. pachyderma (s)  T.quinqueloba

Reference 3%0  ¥°C %0 d“C Area
Kohfeld et al. (1996) 1.0 - NEW-Polynya
Ortiz et a. (1996) 0.7 2.4+ * Cadlifornia Current
Bauch et al. (1997) 1.0 Arctic Ocean
Simstich (1999) 09 085 11 20 Greenland and Norwegian Seas
Volkmann (2000) 1.0 13 13 2.6 Fram Strait (82°N)
this study* 0.7 11 - - Labrador Current
this study* 0.9 1.0 1.2 2.2 Fram Strait (80°N)
mean 0.9 1.0 1.1 2.3

* Vital effects are given correspondingly to the main habitat for the upper 0-200 m.
For a better comparison with other studies, the vital effect for 8*C is given with respect to 8“°C,,c.
** §C difference with respect to 5Cy,
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Figure 27. Carbon isotopes versus oxygen isotopes at station 361 in the Labrador Sea. Solid
curve represents isotopic composition of equilibrium calcite (Equations 3, 5). Symbols denote

measured 3°C and 5*°0 of N. pachyderma (s.). Dotted lines show used slope of 0.32 to estimate
of equilibrium points.
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In the Fram Strait, the d®O values of N. pachyderma (s.) and T. quinqueloba were approxi-
mately equd to average d180Eq in the upper 0-50 m only in the East Greenland Current (Figure
18, stations 83 and 84; Figure 28).
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Using aslope of 0.32 in order to estimate the equilibrium points, the d*®O of N. pachyderma
(s.) and T. quinqueloba were lower than d**O, by 0.5+0.03 %o (n = 6) and 0.8+0.2 %o (n =
5), consistent with equilibrium calcification at depths of 50 to 75 m. The d**C of both species
was 1.7+ 0.09 %o and 2.5+0.7 %o lighter than d**C.,. Nonencrusted and encrusted shells
showed a similar vital effect for both isotopesin this part of the transect. Other observations of
N. pachyderma (s.) established calcification depths in the upper water layers: between 20 and
40 m in the Sea of Okhotsk (Alderman, 1996), around 60 m in the San Pedro Basin (Sautter &

Thunell, 1989) in the 5 to 35 min the California Current (Ortiz et al., 1996) and at the surface
(8 m) inthe Arabian Sea (Ivanovaet al., 1999). These references, as well as the results of the
present study, indicate that N. pachyderma (s.) and T. quinqueloba spend only a part of their
life cycle below 100 m, where most of the encrusted species were found. The migration into
deeper water layers only takes place in the later devel opment stages, whereas the secondary cal-
cite crust isformed in a narrow temperature range before the sinking. This assumption is consi-
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stent with the study of Simstich (1999), who uses a model exercise to derive that N. pachy-
derma (s.) calcifies within a narrow depth interval as opposed to a gradual calcite forming du-
ring the descent.

As aresult of this calcifications behaviour, the magnitude of Dd**O and bd**C between fora-
miniferal shellsand predicted d** O, and d”*C, in the present study may be influenced (among
other factors) by the choice of sampled depth intervals. The magnitude of Dd*®*O may further-
more be influenced by the used pal eotemperature equation (Figure 29). In the present study, the
equation of O"Nell et al. (1969) and Shackleton (1974) (Equation 3) were used in order to be
better able to compare results from this study with other studiesin the survey area. Figure 29
shows the offsets between predicted values (d*°O.,) and plankton tows data. The paleo-
temperature equation of Erez and Luz (1983), which was calibrated with cultured G. sacculifer
between 14°C and 30°C, is better fit with the d®*O values measured in the Fram Strait than the
equation of O"Neil et al. (1969) and Shackleton (1974) calibrated for inorganic calcite. Zahn &
Mix (1991) used core-top data from the Northeast Atlantic to test seven paleotemperature
equations, establishing different equations to strongly diverge at temperatures below 5°C. Simi-
lar to the present study, the best fit to the d**O of benthic genera Uvigerina in the study of Zahn
& Mix (1991) was found using the equation of Erez and Luz (1983).

O N. pachyderma (s.)

@ <& T. quingueloba
g
£ 3|
aog
©
('5_’ 2t
[ce)
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Temperature (°C)

Figure 29: Relationship between d*20 of N. pachyderma (s.) and T. quinqueloba and temperature
along the 80°N-transect in the Fram Strait.

Thed®O values of N. pachyderma (s.) and T. quinqueloba in the West Spitzbergen Current
(WSC), however, are completely out of equilibrium (Figure 18, stations 77-82; Figure 28).
The first possible explanation for that could be the non-linearity between salinity and d**O,, ob-
served in the WSC (Figure 16). The d'®Q, of the seawater is usually linearly correlated with
salinity. Due to the influence of sea-ice meltwater (Craig & Gordon, 1965), the water d*®0 va-
lues changed irregulary with salinity in this part of the transect. This non-linearity can affect the
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d®0 of foraminiferal shells. It can furthermore be assumed that N. pachyderma (s.) and T.
quinqueloba have been advected out of warmer areas and reflect isotopically lighter (warmer)
water. Using alinear relationship between d180Eq and temperature established for this part of the
transect: T =-4.28* (dlBOEq) +17.87, (r* = 0.95, n = 48), the calcification temperature can be
estimated from d*#O of foraminiferal shells. If d**O of N. pachyderma (s.) from upper 0-50 m
would be corrected by +0.5 %o, the shell d®*O would reflect approximately 2.5°C higher
temperature than those measured during the sampling period in the Fram Strait. This point to
the lateral advection. Carstens & Wefer (1992) also assumed most of the subpolar foraminifera
to be advected by branches of the Spitsbergen Current into the Nansen Basin. Bauch et al.
(1997) also believe that the differences between the vital effect of N. pachyderma (s.) in the
southern and northern region of the Nansen Basin may result from partial advection of this
speciesin the southern regime.

4.2.3 Comparison between the | sotope Signal of N. pachyderma (s.) from Plankton Tows
and from Surface Sedimentsin the Fram Strait

In the surface sediments of a transect across the Fram Strait (80°N), Spielhagen &
Erlenkeuser (1994) reported lower d'®O values (2.4-2.6 %o) in the eastern part and higher d®*O
values in the central and western part (2.9-3.2 %o) for N. pachyderma (s.). The comparison of
the average isotopic composition from plankton tow (100-500 m) and core-top data generally
resulted in agood match (Figure 30), whereas the cores located in the area of the plankton tows

PW AW
4
I | 18
o d180 (%)
33 be. @1"'E;OEE:§;§éh.§:‘
1 N | b O d13C (%)
2 L plankton tows (100-500 m)
o 1 ] | ]
Fme - I
i | =
-1 L

6°W 4°W 2°W 0° 2°E 4°E 6°E 8°E
Longitude

Figure 30: Mean isotopic composition of N. pachyderma (s.) from plankton tows and from
surface sediments (Spielhagen & Erlenkeuser, 1994) along the 80°N-transect in the Fram Strait.
Non-filled symbols represent plankton tows; filled: surface sediments. PW: Polar water, AW:
Atlantic water.

and the multinet data did not let the d**O trend described by Spielhagen & Erlenkeuser (1994) to
be detected. This may be due to the spatial resolution of the multinet tows being not sufficient
and the sampling being mainly in the central and western Fram Strait.
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The d"®0 values increase in the surface sediments by 0.2+0.2 %o, while d*C valuesin the
sediments are 0.3+0.3 %o higher than from the multinet samples. Figure 30 demonstrates
however, that the isotope values from the core-tops are within standard deviations of the
plankton tows and reflect well the summer signal of N. pachyderma (s.) in the Fram Strait.
Besides, the surface sediments present the mean isotope composition of several centuries,
whereas the plankton samples are only a "snapshot”. Futhermore, an ateration of isotopic
values due to calcite dissolution and bioturbation in the surface sediments can not be discoun-
ted.
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5. Conclusions

1. The community of the planktonic foraminifera, which in the study area mainly consists of
six species: left and right-coiling N. pachyderma, T. quinqueloba, G. bulloides, G. glutinata
and G. uvula, is primarily controlled by the temperature in the different current regimes. Other
parameters such as ice-coverage, salinity, nutrients and food supply (chla concentrations) have
no significant influence on the species composition in these regions.

2. The use of the 63-mesh nets |eads to the establishment of lower temperature optimafor
the dominant species N. pachyderma (s.) and T. quinqueloba compared to Bé & Tolderlund
(1971). Thisis due to the increase of relative abundace of T. quinqueloba, compared to the
abundances described for the size classes > 200 pum.

3. The changes in the absolute abundance and size distribution of N. pachyderma (s.) and T.
quinqueloba is influenced as well by hydrographic parameters, but primarily by the synchrone
reproduction, which follows the lunar cycle. The occurence of kummerform phenotypes and
secondary calcification in the later development stages are linked to the reproductive cycles as
well. The Labrador Sea data, with sufficient temporal resolution, indicates N. pachyderma (s.)
and T. quinqueloba to respectively show the semi-lunar and lunar periodicity. For a better
understanding of the reproductive behaviour of these species, further investigations (e.g. drifter
experiments with parallel multinet sampling) are however required.

4. The detailed studies of the isotope signal on N. pachyderma (s.) grouped by size and
degree of calcification showed in the Labrador Current that size and weight (or degree of
calcification) are not significant variables in controlling the oxygen isotope composition of non-
encrusted and encrusted N. pachyderma (s.) »140 um, but changes of the life horizon during
ontogeny.

5. The d*®O vital effect is primarily caused by the thermal stratification of the water column,
whereas thed"C vital effect mainly resulted from the ontogenetic development. The d**C values
of N. pachyderma (s.) follow the typical logarithmic growth curve of planktonic foraminifera.
Investigations conducted in the Fram Strait on T. quinguel oba established an additional influen-
ce of the symbiont activity on thed™*C signal of this species.

6. Estimates of the d®®O and d**C disequillibriaresulted in a d"®O vital effect of -0.5t0 -0.7
%o for N. pachyderma (s.) and -0.8 %o for T. quinquel oba relative to eqilibrium precipitation of
inorganic calcite. Thed™C vital effect relativeto d*C, was at -1.7 to -2.1 %o for N. pachy-
derma (s.) and at -2.5 %o for T. quinquel oba.

7. Both examined species calcify within a narrow temperature range. The secondary calcifi-
cation occurs before the sinking into the deeper water layers (as arule into 100-200 m depth)
and may vary between the upper 0-50 m and 50-75 m in response to the reproductive cycles.
The accurate calcification depths should be examined in more detail, using multinet tows with a
higher depth resolution within the reproductive depth.
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8. In the West Spitzbergen Current (80°N) measured isotope values of N. pachyderma (s.)
and T. quingqueloba were out of egilibrium with the surrounding water. The reasons for this
finding could be the non-linearity between salinity and d'*O,, in the WSC and/or advection of
planktonic foraminifera out of warmer areas (ca. 2.5°C higher water temperatures). The influ-
ence of the lateral advection and sainity on the shell d*®O in this part of the Fram Strait requires
further investigations.

9. The isotope signal of N. pachyderma (s.) from the water column reflected the surface
sediments in the Fram Strait, where the d'®0 and d"*C values in the surface sediments were
higher by 0.2 %o and 0.3 %o, respectively.
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7. Appendix

Compl ete data sets (counting lists, stable isotope data, CTD data (Ark XV/2), chlaand SIO,
data (Ark XV/1+2)) are available at http:www.pangaea.de.
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Table 1: Absolute Abundances of Planktonic Foraminifera (Ind<m) in the Labrador Sea (M 39/4).

Station: 352

Depth (m) N. pach. (s.) N. pach. (d.) T. quin. G. bull. G.glu. G. uvul. O. ried. other
63-125 um
0-50 6.24 0.16 2.48 0 7.44 112 0 0
50-100 352 0 9.36 0.16 24 0.08 0 0
100-200 056 0.08 344 0.08 0.04 0.16 0 0
200-300 0.12 0 0 0 0 0.04 0 0
300-500 1.44 0.08 11.68 0.08 03 0.14 0.02 0
125-250 pm
0-50 56 0.16 112 0.08 0 0 0 0
50-100 272 0.16 52 0.16 0 0.16 0.08 0.08
100-200 08 0.08 2 0 0 012 0.04 0
200-300 0.08 0 0.08 0 0 0 0 0
300-500 09 0.18 324 0 0.02 0.04 0 0
250-500 um
0-50 0.72 0 0.16 0 0 0 0 0.08
50-100 0.8 0.08 0.08 0.48 0 0 0.08 0
100-200 0.08 0.04 0.08 0 0 0 0 0
200-300 0 0 0 0 0 0 0 0
300-500 0.12 0 0.08 0.04 0 0 0 0
total
0-50 12.56 0.32 376 0.08 7.44 112 0 08
50-100 7.04 0.24 14.64 08 24 0.24 0.16 112
100-200 144 0.2 552 0.08 0.04 0.28 0.04 02
200-300 0.2 0 0.08 0 0 0.04 0 0.08
300-500 2.46 0.26 15 0.12 0.32 0.18 0.02 0.58
Station: 357
Depth (m) N. pach. (s.) N. pach. (d.) T. quin. G. bull. G.glu. G. uvul. O. ried. other
63-125 um
0-50 4.88 0.24 8.64 376 8.08 0.32 0 0
50-100 0.96 0.32 4 1.68 8.72 1.68 0 0
100-200 116 0.76 2.48 0.28 6.2 0.92 0.08 0.04
200-300 224 112 312 0.16 5.96 112 0.04 0
300-500 1.16 0.18 116 0.22 5.82 0.94 0.06 0
125-250 pm
0-50 48 2.48 16 6.56 0.56 0.16 0 0
50-100 0.88 0.48 3.28 0.96 0 056 0 0
100-200 116 144 32 0.28 1.68 052 056 0.08
200-300 112 104 184 0.2 0.64 0.28 0.36 0
300-500 0.68 0.22 2.06 0.12 0.24 0.18 0.2 0
250-500 m
0-50 0.4 0.32 0.16 152 0 0 0 0
50-100 0.08 0.16 0 0.08 0 0 0 0
100-200 0.24 0.16 0.16 0.68 0.16 0 0.04 0.04
200-300 0 0 0.04 0.2 0 0 0 0
300-500 0.02 0 0.04 0.02 0 0 0 0
total
0-50 10.08 304 24.8 11.84 8.64 0.48 0 08
50-100 192 0.96 7.28 272 8.72 224 0 0.88
100-200 256 236 5.84 124 8.04 144 0.68 564
200-300 3.36 216 5 0.56 6.6 14 0.4 56
300-500 1.86 0.4 137 0.36 6.06 112 0.26 0.88
Station: 361
Depth (m) N. pach. (s.) N. pach. (d.) T. quin. G. bull. G. glu. G. uvul. O. ried. other
63-125 um
0-50 10.16 2 10.83 32 22.32 1.68 0 0
50-100 32 0.56 4 216 8 136 0 0
100-200 0.92 0.12 0.84 0.16 04 0.08 0 0
200-300 0.68 04 072 0.08 0.16 0.08 0 0
300-500 6.22 0.92 9.24 0.38 0.22 0.18 0 0
125-250 pm
0-50 124 336 8.24 5.92 328 0.72 0 0
50-100 10.48 184 56 2.88 0.32 0.24 0 0
100-200 13.04 0.64 2.76 0.24 0.04 0.08 0 0
200-300 0.68 0.24 0.64 0.2 0 0 0 0
300-500 6.78 03 2.86 0.84 0.02 0.12 0 0
250-500 m
0-50 12 0 0 0.88 0 0 0 0
50-100 2 0.08 0.16 056 0 0 0 0
100-200 8.32 0.16 0 0.08 0 0 0 0
200-300 0.28 0 0 0.04 0 0 0 0
300-500 05 0 0.04 0.12 0 0 0 0
total
0-50 23.76 5.36 19.12 10 256 24 0 32
50-100 15.68 2.48 9.76 56 8.32 16 0 0.32
100-200 2228 0.92 36 0.48 0.44 0.16 0 0.04
200-300 164 0.64 136 0.32 0.16 0.08 0 0.28
300-500 135 122 1214 134 0.24 03 0 4.16
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Table 1: Continued.

Station: 366
Depth (m) N. pach. (s.) N. pach. (d.) T. quin. G. bull. G. glu. G. uvul. O. ried. other
63-125 um
0-50 18.64 0.24 1272 1.36 5.92 0.8 0 0
50-100 5.44 0.16 72 0.72 216 0.24 0 0
100-200 2.88 0.04 9.96 0.12 0.48 0.08 0 0
200-300 712 06 20.56 0.4 1.28 0.84 0 0
300-500 0 0 0.04 0 0 0 0 0
125-250 pm
0-50 6.24 0.4 6.32 0 0 0 0 0
50-100 44 0.16 4 0.08 0 0 0 0
100-200 132 0.08 232 0.04 0 0 0 0
200-300 3 112 312 0.24 0 0 0 0
300-500 0.02 0 0.02 0 0 0 0 0
250-500 um
0-50 0.32 0 0 0 0 0 0 0
50-100 0.08 0 0 0 0 0 0 0
100-200 0.12 0 0 0.08 0 0 0 0
200-300 0.04 0 0 0.04 0 0 0 0
300-500 0 0 0 0 0 0 0 0
total
0-50 252 0.64 19.04 1.36 5.92 08 0 0.4
50-100 9.92 0.32 112 08 216 0.24 0 152
100-200 432 0.12 12.28 0.24 0.48 0.08 0 0.28
200-300 10.16 172 23.68 0.68 1.28 0.84 0 332
300-500 0.02 0 0.06 0 0 0 0 0.08
Station: 376
Depth (m) N. pach. (s.) N. pach. (d.) T. quin. G. bull. G. glu. G. uvul. O.ried. other
63-125 um
0-50 2 0.08 4.48 0.32 7.04 0.64 0 0
50-100 08 0 7.68 0.08 7.28 08 0 0
100-200 0.32 0.08 26.08 0.12 452 0.76 0 0
200-300 0.44 0.04 556 0.04 0.76 0.24 0 0
300-500 0.24 0 16.34 0.04 2.02 0.46 0 0
125-250 pm
0-50 28 0.16 7.12 0.72 0.16 0.56 0 0
50-100 0.48 0.08 4.96 0.32 0 0.32 0 0
100-200 0.72 0 6 0.04 0.08 0.2 0 0
200-300 0.04 0 232 0.04 0 0.16 0 0
300-500 0.34 0 7.08 0.04 0.02 0.48 0 0
250-500 m
0-50 0.24 0 0.64 0.32 0 0 0 0
50-100 0.32 0 0 0.24 0 0 0 0
100-200 0.32 0 0.08 0.04 0 0 0 0
200-300 0.2 0 0.12 0 0 0 0 0
300-500 0 0 0.18 0 0 0 0 0
total
0-50 5.04 0.24 12.24 1.36 72 12 0 152
50-100 16 0.08 12.64 0.64 7.28 112 0 2.08
100-200 136 0.08 3216 0.2 46 0.96 0 0.72
200-300 0.68 0.04 8 0.08 0.76 0.4 0 0.36
300-500 058 0 236 0.08 2.04 0.94 0 0.46
Station: 381
Depth (m) N. pach. (s.) N. pach. (d.) T. quin. G. bull. G. glu. G. uvul. O. ried. other
63-125 um
0-50 0.96 0.56 4.88 0.24 84.8 14.8 0.08 0
50-100 0.64 0.32 592 0.56 1352 216 0 0
100-200 0.44 0.12 21.96 0.12 13.64 8.24 0.2 0.12
200-300 0.12 0.04 956 0.08 372 1.08 0 0
300-500 no data
125-250 um
0-50 16 1.68 238 0.24 0.48 824 0.32 0
50-100 0.48 0.08 312 0.32 0.4 232 0 0
100-200 0.24 0.28 4 0.04 08 272 0.12 0.08
200-300 0.12 0.04 14 0 0.12 08 0 0
300-500 no data
250-500 m
0-50 0.16 0.4 0.16 0.48 0 0 0.08 0
50-100 0.16 0.56 0.24 0.24 0.08 0 0 0
100-200 0.32 0.44 0.04 06 0.04 0 0 0
200-300 0 0.2 0.2 0.44 0 0 0 0
300-500 no data
total
0-50 272 264 7.84 0.96 85.28 23.04 0.48 376
50-100 1.28 0.96 9.28 112 14 4.48 0 256
100-200 1 0.84 26 0.76 14.48 10.96 0.32 216
200-300 0.24 0.28 11.16 052 384 1.88 0 0.12
300-500 no data
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Table 1: Continued.

Station: 402
Depth (m) N. pach. (s.) N. pach. (d.) T. quin. G. bull. G. glu. G. uvul. O. ried. other
63-125 um
0-50 33.12 0.4 288 0.56 149.84 6.32 0 0
50-100 no data
100-200 112 0 182 0.04 6.04 16 0 0
200-300 1.96 0.24 38.44 0 4.24 0.48 0 0
300-500 0.54 0.02 24.72 0.02 354 0.36 0 0
125-250 pm
0-50 68.48 264 14.32 2.48 18.64 72 0 0
50-100 no data
100-200 352 0.12 8.48 0.04 26 1.08 0 0
200-300 4.28 0.12 12.64 0.12 0.88 104 0 0
300-500 13 0.14 4.98 0 0.24 0.26 0 0
250-500 m
0-50 19.2 0.56 1.44 128 0 0 0 0
50-100 no data
100-200 12 0.08 0.68 06 0 0 0 0
200-300 136 0.08 0.96 0.24 0 0 0 0
300-500 0.38 0 0.34 0.04 0 0 0 0
total
0-50 1208 36 44.56 4.32 168.48 1352 0 12
50-100 no data
100-200 5.84 0.2 27.36 0.68 8.64 2.68 0 0
200-300 76 0.44 52.04 0.36 512 152 0 0.12
300-500 2.22 0.16 30.04 0.06 3.78 0.62 0 0.2
Station: 404
Depth (m) N. pach. (s.) N. pach. (d.) T. quin. G. bull. G.glu. G. uvul. O. ried. other
63-125 um
0-50 1.28 0.16 125.04 224 732 0.56 0 176
50-100 0.08 0.08 16.96 0.56 76 0.48 0.08 0.96
100-200 0.44 0.04 3036 0.92 128 08 0 0.76
200-300 0.12 0 11.28 0.4 392 0.24 0 0
300-500 0.58 0.18 07 112 26.62 0.4 0 05
125-250 pm
0-50 384 2.32 18.08 32 112 0.64 0 376
50-100 0.56 0.96 592 152 08 0.24 0.16 144
100-200 14 0.76 752 164 1 0.44 0 0.24
200-300 0.28 0.16 36 0.28 0.32 0.16 0 0.04
300-500 0.44 0.2 852 0.86 0.52 0.22 0 0.32
250-500 um
0-50 0.88 176 0.24 0.64 0 0 0 2.88
50-100 0.08 0.96 0 264 0.08 0 0.08 304
100-200 0.24 104 0.08 2.04 0.04 0 0 052
200-300 0.04 0.2 0 0.2 0 0 0 0.8
300-500 0.08 0.08 0.14 0.14 0.02 0 0 0.2
total
0-50 6 4.24 143.36 6.08 74.32 12 0 11.28
50-100 0.72 2 2283 472 8.48 0.72 0.32 9.2
100-200 2.08 184 37.96 46 13.84 124 0 432
200-300 0.44 0.36 14.88 0.88 4.24 0.4 0 18
300-500 11 0.46 50.36 212 27.16 0.62 0 164
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Table 2: Frequency Distribution of N. pachyderma (s.) and T. quinqueloba in the Labrador Sea (M 39/4).
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366

Station

Table 2: Continued.
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Table 2: Continued.

Station 402
N. pach. (s) [ 0-50 m 50-100 m 100-200 m 200-300 m 300-500 m
sizeclass| total  dead kum. cac. | total  dead kum. cac. | total dead kum. cac. | total dead kum. cac. | total dead kum. calc.
70 159 27 3 0 [ nodata 13 6 3 0 18 14 2 1 9 6 1 1
93 143 19 4 0 5 2 0 0 23 19 4 3 7 5 2 0
116 112 8 6 1 1 5 4 1 8 4 1 3 1 10 5 3
139 162 12 8 0 2 9 5 2 18 13 1 12 12 9 0 5
162 197 9 9 1 20 8 1 3 24 13 1 16 1 5 1 10
186 189 7 2 3 16 9 4 7 29 23 0 9 14 9 3 12
209 151 2 1 2 1 5 1 2 23 16 0 1 14 10 2 12
232 158 9 2 12 18 5 0 3 13 9 1 6 14 6 1 1
255 111 0 5 15 12 5 2 7 18 10 1 14 1 8 0 8
278 95 0 6 9 1 3 2 6 10 5 0 8 3 0 0 3
302 23 0 1 5 3 0 0 1 5 2 1 4 1 1 0 1
325 10 1 3 2 1 0 0 0 1 0 0 1 1 1 0 1
348 0 0 0 0 3 0 0 3 0 0 0 0 2 2 1 2
371 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
304 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1
418 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
T.quin. totl  dead kum. cac. | totl dead kum. cac. | totl dead kum. cac. | totll dead kum. cac. | total dead kum. cac.
70 223 79 0 0 [ nodata 208 159 0 0 385 170 0 0 534 393 0 0
93 99 40 0 0 167 134 0 0 447 198 0 0 575 452 0 0
116 39 12 0 0 78 64 0 0 128 91 0 0 126 99 0 0
139 43 13 0 0 e 67 0 0 139 131 3 0 106 104 0 0
162 48 14 0 0 67 63 0 0 79 78 7 0 74 71 0 0
186 23 9 0 0 31 28 0 0 30 27 0 0 36 36 0 0
209 36 5 0 0 19 18 0 0 4 4 1 0 20 19 0 0
232 30 9 0 0 19 19 0 0 27 25 1 0 13 12 0 0
255 8 2 0 0 9 8 0 0 14 14 2 0 14 13 0 0
278 9 0 0 0 8 6 0 0 8 7 0 0 2 2 0 0
302 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
325 0 0 0 0 0 0 0 0 1 1 0 0 2 2 0 0
348 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Station 404
N. pach. (s) [ 0-50 m 50-100 m 100-200 m 200-300 m 300-500 m
sizeclass| total dead kum. cac. | total dead kum. cac. | total dead kum. cac. | total dead kum. cac. | total dead kum. calc.
70 3 ) 0 1 0 0 0 0 0 0 0 0 0 0 0 0 9 6 0 2
93 6 1 0 0 0 0 0 0 6 2 0 2 2 2 0 1 14 10 0 6
116 6 2 0 1 1 0 0 0 5 2 0 2 1 1 0 0 6 5 0 3
139 4 1 0 0 5 0 0 0 5 2 1 3 2 2 0 0 13 1 0 12
162 17 6 1 2 0 0 0 0 12 1 1 9 1 0 0 0 4 3 0 2
186 7 3 0 0 2 0 0 0 9 3 1 5 1 0 0 0 2 0 0 1
209 10 2 0 0 0 0 0 0 3 3 0 1 2 0 0 1 2 0 0 1
232 10 2 0 3 0 0 0 0 6 0 1 3 1 0 0 1 1 1 0 1
255 5 2 0 1 0 0 0 0 3 1 1 1 0 0 0 0 1 0 0 0
278 4 0 0 2 1 0 0 0 1 0 1 1 0 0 0 0 1 1 0 1
302 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 2 0 0 1
325 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0
348 1 0 0 1 0 0 0 0 0 0 0 0 1 0 1 1 0 0 0 0
371 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
304 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
418 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
T.quin. total  dead kum. calc. | total dead kum. calc. | tota dead kum. cac. | total dead kum. calc. | total dead kum. calc.
70 968 739 0 0 94 75 0 0 246 179 0 0 72 a4 0 0 871 707 0 0
93 502 399 0 0 9% 85 0 0 393 305 0 0 158 127 0 0 1053 992 0 0
116 95 58 0 0 23 19 0 0 119 101 0 0 53 a4 0 0 163 155 0 0
139 82 61 0 0 21 17 0 0 64 51 0 0 36 31 0 0 167 167 0 0
162 67 43 0 0 29 21 0 0 84 61 0 0 25 23 0 0 146 142 0 0
186 51 33 0 0 14 9 0 0 8 17 0 0 20 20 0 0 68 65 0 0
209 15 7 0 0 5 0 0 0 8 4 0 0 8 8 0 0 35 35 0 0
232 9 2 0 0 4 2 0 0 4 4 0 0 0 0 7 7 0 0
255 1 1 0 0 0 0 0 0 2 2 0 0 0 0 0 0 5 5 0 0
278 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 0 0
302 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
325 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
348 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Table 3: Stable Isotope Data of N. pachyderma (s.) from the Labrador Sea (M 39/4).

station depth (M) max. Diameter n d“c +s13 d“o +s18 Calc. Group
()

361 0-50 137 40 -0.88 0.01 114 0.02 nonencrusted
361 0-50 171 32 -0.70 0.01 1.28 0.02 nonencrusted
361 0-50 194 19 -0.53 0.02 118 0.04 nonencrusted
361 0-50 205 21 -0.25 0.01 1.24 0.01 nonencrusted
361 0-50 228 17 -0.12 0.02 1.38 0.03 nonencrusted
361 50-100 137 52 -0.83 0.01 149 0.03 nonencrusted
361 50-100 171 20 -0.40 0.02 1.49 0.04 nonencrusted
361 50-100 194 15 -0.24 0.02 1.74 0.04 nonencrusted
361 50-100 205 12 -041 0.02 145 0.06 nonencrusted
361 50-100 228 14 -0.12 0.01 177 0.02 nonencrusted
361 50-100 182 17 -0.02 0.02 212 0.03 heavily+encrusted
361 50-100 228 6 0.29 0.02 2.26 0.02 heavily+encrusted
361 50-100 262 13 0.07 0.01 1.78 0.04 nonencrusted
361 50-100 262 3 0.30 0.02 2.04 0.03 heavily encrusted
361 100-200 137 40 -0.84 0.01 1.50 0.02 nonencrusted
361 100-200 171 29 -0.52 0.01 172 0.02 nonencrusted
361 100-200 194 14 -0.36 0.03 1.75 0.03 nonencrusted
361 100-200 205 13 -0.30 0.01 161 0.03 nonencrusted
361 100-200 205 12 -0.28 0.01 172 0.03 nonencrusted
361 100-200 228 10 -0.24 0.02 141 0.03 nonencrusted
361 100-200 160 12 -0.37 0.01 211 0.04 encrusted
361 100-200 194 11 -0.02 0.01 217 0.03 encrusted
361 100-200 217 8 0.02 0.01 217 0.03 encrusted
361 100-200 228 9 0.05 0.02 2.16 0.05 encrusted
361 100-200 239 5 0.12 0.02 211 0.05 encrusted
361 100-200 239 5 0.15 0.02 223 0.04 encrusted
361 100-200 160 12 -0.33 0.01 2.24 0.01 heavily encrusted
361 100-200 182 6 -0.03 0.05 245 0.06 heavily encrusted
361 100-200 194 10 -0.08 0.02 219 0.03 heavily encrusted
361 100-200 205 7 0.16 0.01 243 0.03 heavily encrusted
361 100-200 205 7 0.20 0.01 227 0.02 heavily encrusted
361 100-200 217 4 017 0.01 221 0.03 heavily encrusted
361 100-200 217 4 0.10 0.01 237 0.02 heavily encrusted
361 100-200 217 4 0.23 0.02 229 0.02 heavily encrusted
361 100-200 217 4 011 0.02 232 0.04 heavily encrusted
361 100-200 217 5 0.40 0.10 254 013 heavily encrusted
361 100-200 228 5 -0.01 0.10 227 0.09 heavily encrusted
361 100-200 228 5 0.16 0.02 2.20 0.02 heavily encrusted
361 100-200 228 5 0.22 0.01 231 0.03 heavily encrusted
361 100-200 228 4 0.30 0.03 249 0.04 heavily encrusted
361 100-200 228 4 037 0.01 227 0.03 heavily encrusted
361 100-200 239 4 0.29 0.02 2.39 0.03 heavily encrusted
361 100-200 239 4 019 0.01 2.30 0.03 heavily encrusted
361 100-200 239 3 0.26 0.02 225 0.04 heavily encrusted
361 100-200 239 3 0.04 0.01 229 0.03 heavily encrusted
361 100-200 251 10 011 0.01 1.93 0.01 nonencrusted
361 100-200 262 6 -0.15 0.01 1.80 0.04 nonencrusted
361 100-200 296 7 0.09 0.01 1.74 0.02 nonencrusted
361 100-200 251 7 021 0.02 2.26 0.04 encrusted
361 100-200 262 3 0.28 0.01 231 0.02 encrusted
361 100-200 262 3 0.27 0.02 211 0.03 encrusted
361 100-200 285 2 0.30 0.01 233 0.03 encrusted
361 100-200 285 3 0.36 0.01 2.26 0.03 encrusted
361 100-200 296 3 0.25 0.01 232 0.02 encrusted
361 100-200 296 3 0.40 0.01 229 0.01 encrusted
361 100-200 296 3 0.28 0.03 234 0.04 encrusted
361 100-200 296 3 0.29 0.02 2.35 0.02 encrusted
361 100-200 296 5 031 0.02 2.09 0.03 encrusted
361 100-200 308 2 0.16 0.02 234 0.04 encrusted
361 100-200 308 2 0.45 0.03 218 0.05 encrusted
361 100-200 308 2 0.34 0.01 231 0.03 encrusted
361 100-200 308 2 0.29 0.07 222 0.10 encrusted
361 100-200 308 2 0.35 0.01 2.16 0.03 encrusted
361 100-200 319 2 041 0.01 232 0.04 encrusted
361 100-200 319 3 0.21 0.01 222 0.02 encrusted
361 100-200 331 3 0.56 0.07 2.38 0.12 encrusted
361 100-200 342 2 0.45 0.02 232 0.03 encrusted
361 100-200 342 3 043 0.01 217 0.02 encrusted
361 100-200 353 2 0.29 0.01 2.10 0.03 encrusted
361 100-200 353 2 0.34 0.02 2.08 0.02 encrusted
361 100-200 353 2 043 0.03 257 0.03 encrusted
361 100-200 353 3 0.35 0.02 219 0.02 encrusted
361 100-200 365 2 0.24 0.02 271 0.04 encrusted
361 100-200 365 2 0.50 0.01 2.38 0.03 encrusted
361 100-200 365 2 0.18 0.02 213 0.04 encrusted
361 100-200 365 2 0.39 0.01 2.16 0.03 encrusted
361 100-200 365 2 0.55 0.01 225 0.01 encrusted
361 100-200 388 2 0.51 0.01 245 0.03 encrusted
361 100-200 388 2 0.49 0.01 2.26 0.02 encrusted
361 100-200 388 3 0.45 0.01 223 0.02 encrusted
361 100-200 399 1 0.42 0.02 212 0.03 encrusted
361 100-200 251 3 0.14 0.01 2.30 0.02 heavily encrusted
361 100-200 251 4 0.17 0.01 227 0.02 heavily encrusted
361 100-200 251 4 0.28 0.01 228 0.02 heavily encrusted
361 100-200 262 3 0.35 0.02 2.40 0.03 heavily encrusted
361 100-200 262 4 0.40 0.01 233 0.02 heavily encrusted
361 100-200 262 4 0.19 0.02 231 0.04 heavily encrusted
361 100-200 274 3 0.25 0.01 2.30 0.03 heavily encrusted
361 100-200 274 4 0.27 0.01 220 0.02 heavily encrusted
361 100-200 285 2 0.31 0.01 217 0.03 heavily encrusted
361 100-200 285 2 0.07 0.02 218 0.03 heavily encrusted

7



Appendix

Table 3: Continued.

station depth (M) max. Diameter n d“c +s13 d“o +s18 Calc. Group
()

361 100-200 285 2 035 0.01 217 0.04 heavily encrusted
361 100-200 296 2 0.16 0.03 214 0.03 heavily encrusted
361 100-200 296 3 0.06 0.02 184 0.01 heavily encrusted
361 100-200 308 3 034 0.01 229 0.03 heavily encrusted
361 200-300 331 2 0.22 0.02 223 0.04 encrusted
361 200-300 262 3 -0.07 0.02 1.95 0.04 encrusted
361 200-300 274 2 -0.05 0.01 1.97 0.03 heavily encrusted
361 300-500 125 59 -1.46 0.01 1.97 0.04 nonencrusted
361 300-500 148 56 -1.36 0.01 191 0.03 nonencrusted
361 300-500 171 33 -1.00 0.02 1.90 0.06 nonencrusted
361 300-500 182 22 -0.89 0.02 1.94 0.02 nonencrusted
361 300-500 182 17 -0.86 0.02 184 0.03 nonencrusted
361 300-500 205 24 -1.32 0.02 1.88 0.05 nonencrusted
361 300-500 228 11 -0.43 0.01 177 0.04 nonencrusted
361 300-500 194 16 -0.43 0.01 2.28 0.02 encrusted
361 300-500 160 8 -0.45 0.01 2.26 0.03 heavily encrusted
361 300-500 217 5 -0.37 0.01 2.39 0.03 heavily encrusted
361 300-500 228 4 0.15 0.01 249 0.03 heavily encrusted
361 300-500 251 7 -1.11 0.01 2.00 0.03 nonencrusted
361 300-500 262 5 -0.19 0.02 212 0.03 encrusted
361 300-500 319 3 0.55 0.02 279 0.07 encrusted
361 300-500 251 4 0.12 0.02 248 0.03 heavily encrusted
361 300-500 342 5 0.41 0.02 248 0.04 heavily encrusted
402 0-50 125 58 -1.05 0.02 0.32 0.02 nonencrusted
402 0-50 137 39 -0.96 0.02 0.40 0.02 nonencrusted
402 0-50 148 34 -0.82 0.02 057 0.02 nonencrusted
402 0-50 148 34 -0.87 0.03 035 0.04 nonencrusted
402 0-50 160 33 -0.66 0.02 0.30 0.03 nonencrusted
402 0-50 160 34 -0.76 0.01 0.48 0.02 nonencrusted
402 0-50 171 30 -0.49 0.01 0.44 0.05 nonencrusted
402 0-50 171 30 -0.52 0.01 0.70 0.02 nonencrusted
402 0-50 171 29 -0.47 0.01 0.36 0.02 nonencrusted
402 0-50 182 23 -0.35 0.02 0.61 0.03 nonencrusted
402 0-50 182 23 -0.40 0.02 0.75 0.04 nonencrusted
402 0-50 182 22 -0.31 0.01 0.79 0.03 nonencrusted
402 0-50 182 26 -0.44 0.02 0.58 0.03 nonencrusted
402 0-50 194 22 -0.23 0.02 0.68 0.02 nonencrusted
402 0-50 194 22 -0.16 0.03 0.95 0.03 nonencrusted
402 0-50 194 22 -0.27 0.01 0.49 0.02 nonencrusted
402 0-50 194 18 -0.25 0.01 0.26 0.04 nonencrusted
402 0-50 205 17 -0.11 0.06 0.63 0.09 nonencrusted
402 0-50 205 17 -0.17 0.01 0.77 0.03 nonencrusted
402 0-50 205 17 -0.15 0.01 0.67 0.03 nonencrusted
402 0-50 205 19 -0.19 0.01 0.95 0.01 nonencrusted
402 0-50 217 12 -0.08 0.01 0.59 0.04 nonencrusted
402 0-50 217 12 -0.15 0.01 0.59 0.02 nonencrusted
402 0-50 217 12 0.02 0.03 0.56 0.03 nonencrusted
402 0-50 217 12 0.06 0.03 0.68 0.02 nonencrusted
402 0-50 217 11 -0.04 0.02 054 0.03 nonencrusted
402 0-50 228 12 0.08 0.05 0.69 0.08 nonencrusted
402 0-50 228 12 -0.01 0.03 071 0.04 nonencrusted
402 0-50 228 12 -0.03 0.01 0.74 0.02 nonencrusted
402 0-50 228 12 -0.02 0.01 0.90 0.03 nonencrusted
402 0-50 228 12 -0.04 0.06 0.72 0.08 nonencrusted
402 0-50 239 13 0.12 0.01 0.80 0.02 nonencrusted
402 0-50 239 13 0.15 0.01 1.01 0.03 nonencrusted
402 0-50 239 13 011 0.03 115 0.03 nonencrusted
402 0-50 239 13 0.06 0.01 0.75 0.02 nonencrusted
402 0-50 239 13 0.14 0.01 0.94 0.03 nonencrusted
402 0-50 189 2 0.08 0.01 121 0.02 heavily+encrusted
402 0-50 239 5 0.27 0.01 1.02 0.04 encrusted
402 0-50 251 9 0.12 0.01 091 0.03 nonencrusted
402 0-50 251 9 0.20 0.03 0.79 0.02 nonencrusted
402 0-50 251 9 021 0.02 0.76 0.04 nonencrusted
402 0-50 251 9 0.23 0.01 0.90 0.03 nonencrusted
402 0-50 251 10 0.11 0.01 0.85 0.03 nonencrusted
402 0-50 262 8 0.24 0.02 0.78 0.03 nonencrusted
402 0-50 262 8 0.30 0.01 0.79 0.03 nonencrusted
402 0-50 262 9 0.35 0.01 0.86 0.02 nonencrusted
402 0-50 262 9 0.19 0.02 119 0.03 nonencrusted
402 0-50 262 9 0.26 0.02 0.86 0.02 nonencrusted
402 0-50 274 8 034 0.02 0.95 0.03 nonencrusted
402 0-50 274 8 0.27 0.02 0.99 0.03 nonencrusted
402 0-50 274 9 0.24 0.03 0.66 0.02 nonencrusted
402 0-50 274 9 0.26 0.01 112 0.02 nonencrusted
402 0-50 274 8 0.25 0.02 0.67 0.04 nonencrusted
402 0-50 285 6 0.25 0.01 0.65 0.02 nonencrusted
402 0-50 285 6 0.36 0.02 119 0.04 nonencrusted
402 0-50 285 6 0.44 0.03 1.05 0.03 nonencrusted
402 0-50 296 7 0.51 0.03 121 0.02 nonencrusted
402 0-50 296 7 0.33 0.02 1.07 0.04 nonencrusted
402 0-50 308 5 0.35 0.01 138 0.03 nonencrusted
402 0-50 314 5 0.49 0.02 0.96 0.05 nonencrusted
402 0-50 262 2 0.37 0.01 155 0.03 encrusted
402 0-50 291 4 0.46 0.01 0.97 0.02 encrusted

78



Appendix

Table 4: Absolute Abundances of Planktonic Foraminifera (Ind«m) in the Greenland Sea (Ark XV/1).

Station: 55/18

Depth (m) N. pach. (s.) N. pach. (d.) T. quin. G. bull. G.glu. G. uvul. O. ried. other
63-125 um
0-50 3.92 0.08 10.08 0 0 0 0 0
50-100 592 0.24 13.04 0 0.16 0 0 0
100-200 12.28 0.32 336 0 012 0.04 0 0
200-300 6.28 0 23.96 0 0 0.04 0 0
300-500 6.86 0.14 23.68 0.02 0 0.06 0 0
125-250 pm
0-50 5.28 0.24 216 0 0 0 0 0
50-100 11.92 0.4 552 0.16 0 0 0 0
100-200 2224 0.68 14.52 0.16 0 0 0 0.04
200-300 10.32 0.44 232 0 0 0 0 0
300-500 6.22 0.18 218 0.06 0 0 0.04 0.02
250-500 um
0-50 0.56 0 0 0 0 0 0 0
50-100 12 0 0 0 0 0 0 0
100-200 136 0 0.04 0.08 0 0 0 0
200-300 052 0.04 0 0 0 0 0 0
300-500 02 0 0.02 0 0 0 0 0
total
0-50 9.76 0.32 12.24 0 0 0 0 0
50-100 19.04 0.64 18.56 0.16 0.16 0 0 0
100-200 35.88 1 48.16 0.24 0.12 0.04 0 0.04
200-300 17.12 0.48 26.28 0 0 0.04 0 0
300-500 13.28 0.32 25.88 0.08 0 0.06 0.04 0.02
Station: 55/19
Depth (m) N. pach. (s.) N. pach. (d.) T. quin. G. bull. G.glu. G. uvul. O. ried. other
63-125 um
0-50 152 0 3.28 0 0.08 0 0 0
50-100 7.44 0.16 17.2 0 0.08 0 0 0
100-200 25.68 0.32 94.28 0 012 0 0 0
200-300 5.28 0 148 0 0 0.04 0 0
300-500 1.88 0.04 5.1 0 0 0 0 0
125-250 pm
0-50 232 0.08 112 0 0 0 0 0
50-100 19.04 0.4 11.76 0.16 0 0 0 0.08
100-200 53.96 1.64 348 0.48 0 0 0 0
200-300 9.72 0.36 464 0.08 0 0 0 0
300-500 4.86 0.1 2.08 0.02 0 0 0 0.02
250-500 m
0-50 0.08 0 0 0 0 0 0 0
50-100 136 0.08 0 0 0 0 0 0
100-200 364 0.24 0.04 0.16 0 0 0 0
200-300 0.36 0.04 0 0 0 0 0 0
300-500 0.26 0.02 0 0 0 0 0 0
total
0-50 3.92 0.08 44 0 0.08 0 0 0
50-100 27.84 0.64 28,96 0.16 0.08 0 0 0.08
100-200 83.28 22 129.12 0.64 0.12 0 0 0
200-300 15.36 0.4 19.44 0.08 0 0.04 0 0
300-500 7 0.16 7.18 0.02 0 0 0 0.02
Station: 55/25
Depth (m) N. pach. (s.) N. pach. (d.) T. quin. G. bull. G. glu. G. uvul. O. ried. other
63-125 um
0-50 26.56 0 44.16 0 0 0 0 0
50-100 7.76 0 1248 0 0.08 0.08 0.08 0
100-200 8.88 0.08 20.36 0 0.08 0 0 0
200-300 464 0.04 13.72 0 0.08 0.04 0 0
300-500 39 0.02 253 0 0.08 0.06 0.02 0
125-250 pm
0-50 76.16 0.32 40.96 0.64 0 0 0 0
50-100 35.76 0.48 9.12 0.16 0 0 0 0
100-200 2283 0.28 8.28 0.2 0 0 0 0
200-300 74 0.12 3 0.08 0 0 0 0
300-500 8.62 0.26 4.16 0.14 0 0.02 0 0
250-500 um
0-50 224 0 1.28 0 0 0 0 0
50-100 224 0 0.08 0.08 0 0 0 0
100-200 176 0.08 0.04 0.16 0 0 0 0
200-300 0.28 0 0 0.04 0 0 0 0
300-500 044 0 0 0.04 0 0 0 0
total
0-50 104.96 0.32 86.4 0.64 0 0 0 0
50-100 45.76 0.48 21.68 0.24 0.08 0.08 0.08 0
100-200 3352 0.44 28,68 0.36 0.08 0 0 0
200-300 12.32 0.16 16.72 0.12 0.08 0.04 0 0
300-500 12.96 0.28 29.46 0.18 0.08 0.08 0.02 0
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Table 4: Continued.

Station: 55/30
Depth (m) N. pach. (s.) N. pach. (d.) T. quin. G. bull. G.glu. G. uvul. O. ried. other
63-125 um
0-50 536 0 116 0 0 0.08 0 0
50-100 45.12 0.64 103.04 0.64 0 0 0 0
100-200 18.24 0.64 100 0.16 0.32 0 0 0
200-300 7.84 0.16 4112 0 0 0 0 0
300-500 372 0.08 29.54 0.1 0 0.02 0 0
125-250 pm
0-50 17.68 0.32 8.48 0.08 0 0 0 0
50-100 124.48 192 496 1.28 0 0 0 0
100-200 33.12 0.96 36.16 0 0 0 0 0
200-300 1248 0.48 20.16 0.32 0 0 0 0
300-500 6.4 0.12 15.22 0.16 0.06 0 0 0.02
250-500 um
0-50 0.48 0.08 0.08 0 0 0 0 0
50-100 4.48 0 0 0.32 0 0 0 0
100-200 2.08 0.16 0 0 0 0 0 0
200-300 0.48 0 0 0 0 0 0 0
300-500 0.08 0 0 0 0 0 0 0
total
0-50 2352 0.4 20.16 0.08 0 0.08 0 0
50-100 174.08 256 152.64 224 0 0 0 0
100-200 53.44 176 136.16 0.16 0.32 0 0 0
200-300 208 0.64 61.28 0.32 0 0 0 0
300-500 10.2 0.2 44.76 0.26 0.06 0.02 0 0.02
Station: 55/37
Depth (m) N. pach. (s.) N. pach. (d.) T. quin. G. bull. G.glu. G. uvul. O. ried. other
63-125 um
0-50 22784 384 469.76 0 0 0 0 128
50-100 110.08 2.56 25856 0 0 0 0 0
100-200 23.68 0.64 187.52 0 0 0 0 0
200-300 10.24 0 131.84 0 0 0 0 0
300-500 13.28 0.24 92.48 0 0 0 0 0
125-250 pm
0-50 291.84 256 1216 128 0 0 0 0
50-100 117.76 256 58.88 0 0 0 0 0
100-200 51.84 0.64 95.36 0 0 0 0 0
200-300 15.04 0.32 624 0.32 0 0 0 0
300-500 15.12 0.4 40.96 0.16 0.08 0 0 0
250-500 m
0-50 256 128 0 0 0 0 0 0
50-100 2.56 0 0 0 0 0 0 0
100-200 256 0 0 0 0 0 0 0
200-300 0.64 0 0 0 0 0 0 0
300-500 04 0.08 0 0 0 0 0 0
total
0-50 522.24 7.68 591.36 1.28 0 0 0 1.28
50-100 2304 512 317.44 0 0 0 0 0
100-200 78.08 1.28 282.88 0 0 0 0 0
200-300 25.92 0.32 194.24 0.32 0 0 0 0
300-500 288 0.72 133.44 0.16 0.08 0 0 0
Station: 55/43
Depth (m) N. pach. (s.) N. pach. (d.) T. quin. G. bull. G. glu. G. uvul. O. ried. other
63-125 um
0-50 212.48 384 576 0 0 0 0 0
50-100 20352 256 1003.52 1.28 0 0 0 0
100-200 14.08 0 231.04 0 0 0 0 0
200-300 8.96 0 816 0 0 0 0 0
300-500 8 0 141.76 0 0 0 0 0
125-250 pm
0-50 510.72 7.68 176.64 2.56 0 0 0 0
50-100 294.4 6.4 275.2 384 0 0 0 0
100-200 512 1.28 316.16 0.64 0 0 0 0
200-300 18.88 0.96 1216 0 0.32 0.32 0 0
300-500 10.24 0.32 42.56 0 0 0 0 0
250-500 um
0-50 30.72 0 1.28 1.28 0 0 0 0
50-100 10.24 0 1.28 0 0 0 0 0
100-200 6.4 0.64 0 0 0 0 0 0
200-300 16 0 0 0 0 0 0 0.32
300-500 0.32 0 0.32 0 0 0 0 0
total
0-50 753.92 1152 753.92 384 0 0 0 0
50-100 508.16 8.96 1280 512 0 0 0 0
100-200 71.68 192 547.2 0.64 0 0 0 0
200-300 29.44 0.96 203.2 0 0.32 0.32 0 0.32
300-500 18.56 0.32 184.64 0 0 0 0 0
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Table 4: Continued.

Station: 55/51
Depth (m) N. pach. (s.) N. pach. (d.) T. quin. G. bull. G.glu. G. uvul. O. ried. other
63-125 um
0-50 97.28 128 500.44 0 7168 10.24 0 0
50-100 113.92 1.28 949.76 0 14.08 512 1.28 0
100-200 36.48 0 231.04 0 14.08 0.64 0 0
200-300 32 0 121.92 0 15.68 304 0 0
300-500 7.76 0.16 29.28 0 4.24 2.96 0 0
125-250 pm
0-50 98.56 2.56 236.8 2.56 0 6.4 0 0
50-100 161.28 6.4 250.84 0 0 6.4 0 0
100-200 6144 4.48 66.56 0 0 0 0 0
200-300 28.32 0.64 15.84 0.16 0 144 0 0
300-500 10.32 0.32 16.8 0 0 0.16 0 0
250-500 um
0-50 10.24 0 128 0 0 0 0 0
50-100 23.04 0 128 0 0 0 0 0
100-200 0.64 0 128 0 0 0 0 0
200-300 112 0.16 0.48 0 0 0 0 0
300-500 0.48 0 12 0 0 0 0 0
total
0-50 206.08 384 759.04 256 71.68 16.64 0 0
50-100 298.24 7.68 12224 0 14.08 1152 1.28 0
100-200 98.56 4.48 298.88 0 14.08 0.64 0 0
200-300 6144 08 138.24 0.16 15.68 4.48 0 0
300-500 18.56 0.48 47.28 0 4.24 3.12 0 0
Station: 55/63
Depth (m) N. pach. (s.) N. pach. (d.) T. quin. G. bull. G.glu. G. uvul. O. ried. other
63-125 um
0-50 1216 0 99.84 0.32 60.48 4.48 0.32 0
50-100 8.96 0 256 0 24.32 512 0 0
100-200 8.96 0 339.84 0 12.16 384 0 0
200-300 352 0 34.56 0 144 16 0.16 0
300-500 352 0.08 28.96 0 4.08 152 0 0
125-250 pm
0-50 29.76 0.64 130.88 0.96 192 4.16 0.64 0
50-100 17.92 1.28 188.16 1.28 0 384 0 0
100-200 7.68 0.64 % 0 0 2.56 064 0
200-300 4 0.16 34.56 0 0.32 0.48 0 0
300-500 2.88 0.24 18.32 0 0 0.4 0 0
250-500 m
0-50 48 0 6.72 0 0 0 0 0
50-100 19.2 1.28 384 0 0 0 0 0
100-200 1.28 0 192 0 0 0 0 0
200-300 0.64 0 0.96 0 0 0 0 0
300-500 112 0 1.04 0 0 0 0 0
total
0-50 46.72 0.64 237.44 1.28 62.4 8.64 0.96 0
50-100 46.08 256 448 1.28 24.32 8.96 0 0
100-200 17.92 0.64 437.76 0 1216 6.4 0.64 0
200-300 8.16 0.16 70.08 0 176 2.08 0.16 0
300-500 752 0.32 48.32 0 4.08 192 0 0
Station: 55/66
Depth (m) N. pach. (s.) N. pach. (d.) T. quin. G. bull. G. glu. G. uvul. O. ried. other
63-125 um
0-50 112 0 216.32 0 50.88 384 0 0
50-100 8.96 0 44384 0 16.96 9.92 0.32 0
100-200 9.92 0 94.72 0 8.48 272 0 0.16
200-300 152 0 464 0 0.72 0.44 0.04 0
300-500 1.76 0 1584 0 2.08 0.64 0 0
125-250 pm
0-50 1152 0.32 122,56 0.64 0.96 224 0.64 0
50-100 33.92 0.32 150.04 0 0.32 6.72 0.64 0
100-200 17.44 0.48 55.04 0.16 0.32 224 0.16 0
200-300 424 0.12 7.32 0.04 0 0.08 0 0
300-500 5.12 0.08 8.8 0.08 0.08 04 0.08 0
250-500 um
0-50 384 0 4.48 0 0 0 0 0
50-100 16 0 4.48 0 0 0 0 0
100-200 4.48 0 112 0.16 0 0 0 0
200-300 052 0 0.48 0 0 0 0 0
300-500 0.64 0 1.28 0 0 0 0 0
total
0-50 26.56 0.32 343.36 0.64 51.84 6.08 0.64 0
50-100 58.88 0.32 607.36 0 17.28 16.64 0.96 0
100-200 31.84 0.48 150.88 0.32 838 4.96 0.16 0.16
200-300 6.28 0.12 1244 0.04 0.72 052 0.04 0
300-500 752 0.08 25.92 0.08 2.16 1.04 0.08 0
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Table5: Frequency Distribution of N. pachyderma (s.) and T. quinqueloba in the Greenland Sea (Ark XV/1).

Station18
N. pach. (s) [ 0-50 m 50-100 m 100-200 m 200-300 m 300-500 m
sizeclass| total dead kum. cac. | total  dead kum. cac. | total dead kum. cac. | total dead kum. cac. | total dead kum. calc.
70 8 6 0 0 13 7 0 0 8 3 0 0 18 12 0 0 8 2 0 0
93 17 8 0 0 26 1 0 0 111 54 2 1 50 38 1 0 155 92 3 3
116 24 12 1 0 35 10 0 0 188 81 0 1 89 61 2 1 180 9 2 6
139 17 7 0 0 31 10 0 0 201 63 3 0 90 39 3 6 119 65 5 3
162 24 9 0 0 38 10 2 0 157 39 5 3 79 33 4 7 75 25 2 1
186 7 1 0 0 £ 6 0 0 112 20 6 7 45 15 1 3 57 17 1 1
209 7 1 0 0 28 3 1 0 51 7 6 7 23 5 1 1 37 2 4 2
232 1 1 0 0 18 3 1 0 35 3 7 1 21 9 5 6 23 4 1 1
255 5 1 1 1 9 2 1 0 18 2 6 9 9 2 2 2 7 1 0 0
278 2 1 0 0 4 0 0 0 1 1 4 4 4 2 2 1 2 0 0 0
302 0 0 0 0 2 0 0 0 4 0 2 3 0 0 0 0 1 0 0 0
325 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0
348 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
371 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
304 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
418 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
T.quin. totl  dead kum. cac. | totl dead kum. cac. | totl dead kum. cac. | totl dead kum. cac. | total dead kum. cac.
70 49 34 0 0 58 37 0 0 225 7 0 0 252 153 0 4 621 248 0 6
93 38 23 0 1 59 18 0 1 327 89 1 5 239 108 4 10 414 182 1 72
116 39 17 0 1 46 13 0 0 288 55 1 5 108 44 0 26 149 87 2 40
139 15 8 0 0 39 14 0 2 197 36 6 8 26 1 3 13 52 36 5 21
162 6 3 1 2 25 5 0 0 107 2 8 13 18 14 0 13 37 27 1 12
186 3 1 0 0 4 3 0 1 38 16 1 7 8 6 0 4 15 1 1 6
209 3 2 0 2 1 0 0 0 19 6 2 7 5 4 0 3 3 2 1 1
232 0 0 0 0 0 0 0 0 2 0 0 0 1 1 0 1 2 2 0 2
255 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
278 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 0 0 0
302 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
325 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
348 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Station 19
N. pach. (s) | 0-50 m 50-100 m 100-200 m 200-300 m 300-500 m
sizeclass| total dead kum. cac. | total dead kum. cac. | total dead kum. cac. | total dead kum. cac. | total dead kum. calc.
70 1 0 0 0 7 6 0 0 10 7 0 0 11 6 0 0 5 3 0 0
93 7 2 0 0 33 15 1 0 219 98 5 0 36 23 0 0 2 21 4 3
116 1 1 0 0 53 30 1 0 413 155 1 0 85 49 1 2 57 40 2 6
139 7 0 0 0 74 30 1 0 402 137 12 2 81 39 4 1 57 2 6 4
162 6 1 0 0 60 17 2 1 372 114 12 13 72 25 1 9 77 45 2 4
186 6 0 1 0 47 10 5 3 29 62 18 22 36 14 6 8 61 35 3 4
209 8 1 1 1 35 13 6 6 172 31 31 28 31 12 6 13 27 9 3 3
232 2 0 1 2 22 3 4 3 107 16 20 29 23 6 9 13 21 10 4 7
255 0 0 0 0 14 2 5 4 53 5 22 30 6 1 2 4 8 7 2 3
278 1 0 1 1 2 0 1 1 22 2 9 16 3 0 2 3 4 0 2 4
302 0 0 0 0 1 1 0 0 14 2 8 9 0 0 0 0 0 0 0 0
325 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 1
348 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
371 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
304 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
418 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
T.quin. total  dead kum. calc. | total dead kum. calc. | total  dead kum. cac. | total dead kum. calc. | total dead kum. calc.
70 12 6 0 0 27 18 0 0 655 360 0 0 118 42 0 3 117 92 0 7
93 19 6 0 1 92 45 0 0 1025 447 0 2 137 64 0 13 75 54 0 26
116 10 2 0 0 9% 25 0 2 677 209 0 9 115 57 3 26 63 a4 1 23
139 5 2 0 0 79 28 0 2 396 138 8 39 52 31 6 28 36 30 2 14
162 5 0 1 2 4 17 1 6 276 9 14 52 43 27 8 28 £ 29 5 21
186 3 1 0 1 20 12 1 3 143 57 13 58 15 10 0 12 27 26 4 21
209 1 1 1 0 6 3 1 1 48 18 9 24 5 2 1 4 5 4 2 4
232 0 0 0 0 1 0 0 0 7 1 1 3 1 1 1 1 2 2 0 2
255 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
278 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
302 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
325 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
348 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Station 25
N. pach. (s) | 0-50 m 50-100 m 100-200 m 200-300 m 300-500 m
sizeclass| total dead kum. cac. | total dead kum. cac. | total dead kum. cac. | total dead kum. cac. | total dead kum. cac.
70 10 1 0 0 13 3 1 0 21 9 0 0 8 3 0 0 10 5 0 0
93 30 3 0 0 18 2 0 0 65 15 0 0 43 13 0 1 65 25 1 8
116 43 6 0 0 66 2 0 1 136 31 1 16 65 18 4 2 120 38 9 1
139 53 3 0 0 78 3 0 1 148 29 23 26 72 20 9 1 146 48 24 38
162 71 10 1 0 92 1 9 9 155 35 29 35 59 17 6 15 113 36 26 45
186 64 5 1 0 17 4 17 16 121 15 23 39 30 12 2 7 79 31 20 33
209 34 4 0 0 100 4 34 29 73 10 31 4 14 4 4 6 60 19 17 29
232 16 4 1 1 60 1 19 19 75 1 27 43 10 1 2 6 33 12 1 19
255 4 0 0 0 2 0 1 8 29 2 14 21 4 0 1 3 13 4 4 8
278 3 0 0 0 5 0 2 2 10 0 9 8 2 1 2 2 7 2 3 7
302 0 0 0 0 1 0 1 1 5 0 3 5 1 0 0 1 2 0 0 1
325 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
348 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
371 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
304 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
418 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
T.quin. total  dead kum. calc. | total dead kum. calc. | total dead kum. cac. | total dead kum. calc. | total dead kum. calc.
70 a4 13 0 0 45 12 0 0 146 46 0 1 57 26 0 0 225 131 0 3
93 a1 8 0 0 48 9 0 3 180 57 0 9 156 74 3 7 574 290 5 112
116 53 20 0 0 63 17 2 8 183 79 7 58 130 66 4 32 436 252 23 189
139 35 1 0 0 38 1 2 6 111 44 13 49 47 36 3 20 151 105 10 84
162 44 12 0 0 43 10 3 16 7 2 10 2 16 14 2 6 40 29 2 19
186 23 14 0 0 15 2 0 5 18 6 3 10 8 7 2 4 8 6 1 3
209 17 5 0 0 14 4 2 7 5 1 0 3 3 1 2 0 8 5 1 7
232 9 2 0 0 4 0 0 1 2 0 1 0 1 1 0 0 1 1 0 1
255 3 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
278 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
302 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
325 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
348 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Table5: Continued.

Station 30
N. pach. (s) [ 0-50 m 50-100 m 100-200 m 200-300 m 300-500 m
sizeclass| total dead kum. cac. | total  dead kum. cac. | total dead kum. cac. | total dead kum. cac. | total dead kum. calc.
70 11 4 0 0 9 4 0 0 2 2 0 0 4 3 0 0 9 7 0 0
93 15 9 0 0 45 8 1 0 4 19 2 1 17 9 0 1 58 26 3 3
116 4 18 0 0 87 8 0 0 71 18 1 2 28 14 3 5 119 55 7 14
139 57 18 0 0 93 12 1 0 73 21 2 3 27 10 1 1 134 58 18 25
162 57 13 1 0 110 13 4 2 38 1 1 2 26 5 5 8 89 27 14 31
186 52 13 1 0 86 9 0 0 4 8 2 3 7 1 1 0 55 13 9 15
209 35 3 0 2 65 8 2 1 35 3 7 12 8 0 1 3 30 7 7 12
232 20 2 1 1 35 5 1 2 20 1 6 8 10 1 3 6 12 2 3 9
255 5 2 1 2 13 1 3 4 1 0 5 7 3 1 2 2 2 1 1 1
278 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 2 1 0 1
302 0 0 0 0 0 0 0 0 2 0 0 2 0 0 0 0 0 0 0 0
325 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
348 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
371 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
304 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
418 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
T.quin. totl  dead kum. cac. | totl dead kum. cac. | totl dead kum. cac. | totl dead kum. cac. | total dead kum. cac.
70 39 17 0 0 81 24 0 0 167 75 0 0 33 20 0 0 263 177 0 0
93 58 33 0 0 136 35 0 0 294 127 0 1 121 57 1 1 594 301 2 46
116 48 2 0 0 105 35 0 0 164 89 0 17 103 59 1 24 620 415 8 151
139 36 22 0 2 80 34 2 5 103 7 6 54 74 49 9 43 451 318 16 278
162 35 20 0 2 43 15 1 2 100 67 10 82 43 33 4 30 242 160 12 173
186 21 9 0 3 21 7 1 1 21 16 1 19 7 5 1 7 58 43 3 54
209 1 4 0 0 6 2 0 0 1 0 0 1 2 1 0 2 9 8 1 8
232 3 0 0 0 5 0 0 0 0 0 1 0 0 0 0 1 1 0 0
255 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
278 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
302 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
325 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
348 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Station 37
N. pach. (s) | 0-50 m 50-100 m 100-200 m 200-300 m 300-500 m
sizeclass| total dead kum. cac. | total dead kum. cac. | total dead kum. cac. | total dead kum. cac. | total dead kum. calc.
70 23 3 0 0 13 9 0 0 4 4 0 0 2 1 0 0 11 7 0 0
93 60 14 0 0 4 14 0 0 12 4 0 0 9 0 2 0 67 27 5 6
116 95 17 0 0 2 8 0 0 21 5 1 1 21 6 3 2 88 27 10 2
139 79 21 0 0 21 5 0 0 26 8 0 1 22 4 5 5 88 30 18 34
162 75 15 1 0 35 9 1 1 19 5 1 1 12 1 8 9 50 19 10 30
186 45 7 1 1 16 3 1 1 16 6 2 3 9 1 5 6 23 12 9 13
209 17 1 0 0 13 2 0 0 7 3 3 4 2 0 0 1 1 3 2 9
232 12 1 0 0 7 3 1 1 13 2 4 6 2 1 1 1 17 7 3 12
255 1 0 0 0 2 0 0 0 2 0 1 2 1 0 1 1 2 2 1 2
278 1 0 0 0 0 0 0 0 2 0 0 2 1 0 0 1 3 3 0 1
302 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
325 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
348 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
371 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
304 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
418 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
T.quin. total  dead kum. calc. | total dead kum. calc. | total  dead kum. cac. | total dead kum. calc. | total dead kum. calc.
70 190 60 0 0 109 48 0 0 97 72 0 0 147 39 0 0 298 153 0 1
93 107 24 0 0 61 21 0 0 116 73 0 0 150 38 0 2 460 226 0 27
116 70 22 1 7 2 15 0 0 80 48 4 9 115 33 2 20 398 223 1 114
139 43 17 0 8 14 6 0 1 64 31 5 19 102 36 12 70 230 134 17 143
162 31 12 1 6 19 6 2 2 54 20 8 36 72 24 9 62 169 123 14 140
186 1 4 0 2 8 2 1 4 28 7 4 24 18 1 2 17 92 83 13 87
209 6 1 0 1 3 0 0 1 3 0 0 3 3 3 1 3 18 17 2 16
232 4 1 0 1 2 0 0 1 0 0 0 0 0 0 0 0 3 3 1 2
255 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
278 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
302 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
325 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
348 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Station 43
N. pach. (s) | 0-50 m 50-100 m 100-200 m 200-300 m 300-500 m
sizeclass| total dead kum. cac. | total dead kum. cac. | total dead kum. cac. | total dead kum. cac. | total dead kum. cac.
70 21 4 0 0 21 8 0 0 3 1 0 0 4 3 0 0 2 2 0 0
93 47 9 1 0 45 14 0 0 8 5 0 0 9 3 0 1 12 8 0 0
116 98 15 0 0 93 26 0 0 1 6 0 1 15 3 1 6 1 8 0 2
139 135 25 0 0 76 27 0 0 24 7 1 4 14 2 2 7 17 10 1 7
162 111 13 0 0 66 18 0 0 14 4 3 4 15 5 0 10 9 8 1 5
186 75 5 1 1 50 1 0 0 18 6 3 9 15 2 3 9 4 4 0 2
209 52 6 0 0 24 2 1 3 15 1 4 10 6 1 0 4 1 1 1 1
232 26 1 1 1 14 2 2 1 9 0 5 7 9 3 3 9 1 1 0 0
255 17 0 1 1 2 0 0 1 8 2 4 8 3 1 2 3 0 0 0 0
278 0 0 0 6 0 2 1 1 0 1 1 2 0 1 2 0 0 0 0
302 2 0 0 0 0 0 0 0 1 0 1 1 0 0 0 0 1 1 0 0
325 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
348 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
371 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
304 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
418 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
T.quin. total  dead kum. calc. | total dead kum. calc. | total dead kum. cac. | total dead kum. calc. | total dead kum. calc.
70 181 43 0 0 273 35 0 0 121 34 0 0 67 32 0 0 247 157 0 1
93 155 35 0 0 333 60 0 0 117 34 0 0 0 40 0 1 119 70 1 4
116 114 £ 1 0 178 47 0 0 123 40 1 0 98 45 1 6 77 53 1 15
139 54 20 0 1 100 30 0 0 169 51 3 1 150 82 5 55 54 45 2 32
162 49 15 1 3 67 2 1 1 164 76 10 44 138 87 8 82 30 26 1 25
186 23 7 0 1 4 10 1 3 140 74 10 84 72 56 4 53 a1 40 0 35
209 8 0 2 7 2 0 1 20 10 4 19 20 15 2 15 8 8 1 5
232 4 2 0 0 7 0 0 0 1 1 0 1 0 0 0 0 0 0 0 0
255 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 1
278 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
302 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
325 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
348 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Table5: Continued.

Station51
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Table 6: Absolute Abundances of Planktonic Foraminifera (Ind«m) in the Fram Strait (Ark XV/2).

Station: B55/77

Depth (m) N. pach. (s.) N. pach. (d.) T. quin. G. bull. G. glu. G. uvul. O. ried. other
63-125 um
0-50 0.08 0 84.48 0 176 0.24 0 0
50-100 0.16 0 93.68 0.08 0.32 0.16 0.08 0
100-200 0.28 0 59.56 0 08 0.28 0.12 0
200-300 0 0 7.96 0 0.24 0.08 0 0
300-500 0.02 0 11.48 0 0.4 0.16 0 0
125-250 pm
0-50 48 0.08 37.76 0.16 0 0 0 0.08
50-100 12.32 0 60.08 0 0 0 0.32 0
100-200 9.36 0.08 29.76 0 0 0 0.32 0
200-300 272 0.04 114 0.08 0 0 0.04 0
300-500 162 0 99 0 0 0 0 0
250-500 um
0-50 0.08 0 0 0 0 0 0 0
50-100 112 0 0.32 0 0 0 0 0
100-200 0.96 0.04 0.16 0 0 0 0 0
200-300 0.16 0 0.16 0 0 0 0 0
300-500 0.12 0 0.06 0 0 0 0 0
total
0-50 4.96 0.08 122.24 0.16 176 0.24 0 0.08
50-100 136 0 154.08 0.08 0.32 0.16 0.4 0
100-200 106 0.12 89.48 0 08 0.28 0.44 0
200-300 2.88 0.04 19.52 0.08 0.24 0.08 0.04 0
300-500 1.76 0 21.44 0 0.4 0.16 0 0
Station: 55/78
Depth (m) N. pach. (s.) N. pach. (d.) T. quin. G. bull. G. glu. G. uvul. O.ried. other
63-125 um
0-50 0.88 0 37.92 0.16 184 0.24 0 0
50-100 384 0 248.88 0.08 1.28 0.48 0.48 0.24
100-200 152 0 39.92 0 0.44 0 0 0
200-300 0.96 0.04 3,68 0 0.16 0.04 0 0.04
300-500 0.34 0 7.36 0.02 0.32 0.04 0 0.06
125-250 pm
0-50 52 0.16 356 0.08 0.08 0 0 0
50-100 15.68 0.24 231.92 0.16 0 0 0.96 0.16
100-200 24.52 0.28 37.44 0.04 0.04 0 0 0.16
200-300 26 0 2.96 0 0 0 0 0
300-500 29 0.02 7.98 0 0.02 0 0.04 0.02
250-500 m
0-50 0.4 0 0.08 0 0 0 0 0
50-100 0.72 0 0.88 0 0 0 0 0.08
100-200 0.84 0 0.48 0 0 0 0 0.04
200-300 0.08 0 0.04 0 0 0 0 0
300-500 0.12 0 0.1 0 0 0 0 0
total
0-50 6.48 0.16 736 0.24 0.08 0.16 0 0
50-100 20.24 0.24 481.68 0.24 1.28 0.48 144 0.48
100-200 26.83 0.28 77.84 0.04 0.48 0 0 0.2
200-300 364 0.04 6.68 0 0.16 0.04 0 0.04
300-500 3.36 0.02 1544 0.02 0.34 0.04 0.04 0.08
Station: 55/79
Depth (m) N. pach. (s.) N. pach. (d.) T. quin. G. bull. G. glu. G. uvul. O. ried. other
63-125 um
0-50 0.88 0 65.04 0.08 0.64 0.4 0 0
50-100 28 0 97.12 0 216 0.4 0 0
100-200 0 0 82.48 0 04 0.08 0 0
200-300 0.28 0 222 0 0.24 0.08 0 0
300-500 0 0 8.36 0 0.08 0.06 0 0
125-250 pm
0-50 1312 0.16 33.36 0.32 0 0 0 0.08
50-100 21.44 0.16 123.12 0.16 0 0.08 0 0
100-200 7 0.16 71.04 0.04 0 0 0 0
200-300 492 0 10.04 0.04 0 0 0 0
300-500 2.86 0 7.72 0 0 0 0.02 0
250-500 m
0-50 3.68 0.08 112 0.08 0 0.08 0 0
50-100 1.84 0 056 0 0 0 0 0
100-200 132 0 0.12 0 0 0 0 0
200-300 056 0.04 0 0 0 0 0 0
300-500 0.12 0 0 0 0 0 0 0
total
0-50 17.68 0.24 99.52 0.48 0.64 0.48 0 0.08
50-100 26.08 0.16 2208 0.16 216 0.48 0 0
100-200 8.32 0.16 15364 0.04 04 0.08 0 0
200-300 5.76 0.04 3224 0.04 0.24 0.08 0 0
300-500 2.98 0 16,08 0 0.08 0.06 0.02 0
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Table 6: Continued.
Station: 55/80
Depth (m) N. pach. (s.) N. pach. (d.) T. quin. G. bull. G. glu. G. uvul. O. ried. other
63-125 um
0-50 0.48 0 79.36 0.08 0.96 0.24 0 0
50-100 264 0 48.16 0.08 0.32 0.08 0 0
100-200 0.12 0 69.4 0.04 0.04 0.04 0.04 0
200-300 112 0 11.44 0 0.04 0.04 0.08 0.08
300-500 0.72 0 6.76 0 0.06 0.06 0.04 0.04
125-250 pm
0-50 10.24 0.24 22.08 0.16 0.08 0.08 0 0
50-100 10.16 0.24 28 0.16 0 0 0 0
100-200 8.12 0.24 48.68 0.28 0 0 0.12 0
200-300 2.44 0.04 436 0 0 0 0 0
300-500 2.26 0.04 2.76 0 0 0 0 0
250-500 pm
0-50 112 0.08 0 0.08 0 0 0 0
50-100 0.72 0 0.16 0.08 0 0 0 0
100-200 124 0 0.16 0 0 0 0 0
200-300 0.36 0 0.04 0 0 0 0 0
300-500 0.22 0 0 0 0 0 0 0
total
0-50 11.84 0.32 101.44 0.32 1.04 0.32 0 0
50-100 1352 0.24 76.32 0.32 0.32 0.08 0 0
100-200 9.48 0.24 118.24 0.32 0.04 0.04 0.16 0
200-300 392 0.04 15.84 0 0.04 0.04 0.08 0.08
300-500 32 0.04 952 0 0.06 0.06 0.04 0.04
Station: 55/81
Depth (m) N. pach. (s.) N. pach. (d.) T. quin. G. bull. G. glu. G. uvul. O.ried. other
63-125 um
0-50 464 0 392 0 0.72 0.16 0.16 0
50-100 10.24 0.08 604.24 0 112 0 0.32 0
100-200 6.32 0.04 193.24 0.08 0.92 0.08 112 0.32
200-300 156 0 2268 0 0.08 0.08 0 0
300-500 0.34 0 10.22 0 0.18 0.04 0 0
125-250 pm
0-50 4.96 0 10.4 0 0 0 0 0
50-100 216 0.48 451.2 0.4 0.16 0 264 0
100-200 11.88 0.32 204.96 0.12 0 0 0.84 0.16
200-300 3.96 0.08 20.72 0 0 0 0.04 0
300-500 3.74 0.1 203 0 0 0.02 0.02 0.04
250-500 pm
0-50 0.4 0 0 0 0 0 0 0
50-100 2.08 0.08 0.96 0 0 0 0 0
100-200 0.92 0 0.32 0 0 0 0 0
200-300 0.12 0 0 0 0 0 0 0
300-500 0.14 0 0.02 0 0 0 0 0
total
0-50 10 0 496 0 0.72 0.16 0.16 0
50-100 33.92 0.64 1056.4 0.4 1.28 0 2.96 0
100-200 19.12 0.36 398.52 0.2 0.92 0.08 1.96 0.48
200-300 564 0.08 434 0 0.08 0.08 0.04 0
300-500 4.22 0.1 3054 0 0.18 0.06 0.02 0.04
Station: 55/82
Depth (m) N. pach. (s.) N. pach. (d.) T. quin. G. bull. G. glu. G. uvul. O. ried. other
63-125 um
0-50 2.32 0.08 5.76 0.08 0 0.16 0 0
50-100 376 0 2552 0.08 0.16 0 0 0.16
100-200 14 0 322 0.04 0.12 0.04 0 0.08
200-300 144 0 7.68 0 0.2 0.04 0 0.04
300-500 0.1 0.02 2.76 0 0 0 0 0.02
125-250 um
0-50 3.92 0.08 2.08 0 0.08 0 0 0
50-100 2048 0.56 29.2 0.4 0 0 0 0.08
100-200 8.12 0.28 34.88 0.24 0 0 0.08 0.12
200-300 256 0.2 7.28 0.08 0 0 0.08 0
300-500 122 0.02 556 0 0 0 0 0
250-500 pm
0-50 0.4 0 0.08 0.08 0 0 0 0
50-100 216 0 0.08 0.16 0 0 0 0
100-200 144 0.04 0.04 0.12 0 0 0 0
200-300 0.12 0 0.04 0.04 0 0 0 0
300-500 0 0 0 0 0 0 0 0
total
0-50 6.64 0.16 7.92 0.16 0.08 0.16 0 0
50-100 264 0.56 54.8 0.64 0.16 0 0 0.24
100-200 10.96 0.32 67.12 0.4 0.12 0.04 0.08 0.2
200-300 412 0.2 15 0.12 0.2 0.04 0.08 0.04
300-500 132 0.04 8.32 0 0 0 0 0.02

86



Appendix

Table 6: Continued.

Station: 55/83
Depth (m) N. pach. (s.) N. pach. (d.) T. quin. G. bull. G. glu. G. uvul. O. ried. other
63-125 um
0-50 2.56 0.08 7.52 0.08 0 0 0 0.16
50-100 4.16 0.16 10 0 0.08 0 0 0.08
100-200 24 0 4.96 0 0 0 0 0
200-300 14 0 312 0 0 0 0 0
300-500 0.62 0 6.82 0.02 0.06 0.04 0
125-250 pm
0-50 12.08 112 8.16 0.48 0 0 0 0
50-100 18.72 0.32 8.08 0.24 0.08 0 0 0
100-200 102 0.32 428 0.36 0 0.04 0 0.04
200-300 256 0.04 176 0 0 0 0 0
300-500 114 0.08 4.46 0.04 0.04 0 0 0
250-500 um
0-50 5.92 0.16 0.48 0 0 0 0 0
50-100 9.76 0.24 0.48 0 0 0 0 0
100-200 5.04 0 0.08 0.08 0 0 0 0.04
200-300 0.16 0 0 0 0 0 0 0
300-500 0.18 0 0.04 0 0 0 0
total
0-50 20.56 136 16.16 0.56 0 0 0 0.16
50-100 3264 0.72 18.56 0.24 0.16 0 0 0.08
100-200 17.64 0.32 9.32 0.44 0 0.04 0 0.08
200-300 412 0.04 4.88 0 0 0 0 0
300-500 194 0.08 11.32 0.06 0.1 0.04 0 0
Station: 55/84
Depth (m) N. pach. (s.) N. pach. (d.) T. quin. G. bull. G. glu. G. uvul. O.ried. other
63-125 um
0-50 6 0.48 92 0 0 0 0 0.56
50-100 328 0 144 0 0 0 0 0.08
100-200 0.28 0 0.96 0 0 0 0 0
200-300 0.48 0 06 0 0 0 0 0
300-500 0.14 0 0.26 0 0 0 0 0
125-250 pm
0-50 8.64 0.56 3.28 0 0 0 0 0
50-100 6.96 0.08 08 0 0.08 0 0 0
100-200 56 0.12 132 0 0 0 0 0
200-300 164 0 0.64 0 0 0 0 0
300-500 0.62 0.02 0.34 0 0 0 0 0
250-500 m
0-50 192 0.16 0.08 0 0 0 0 0
50-100 376 0.16 0 0 0 0 0 0
100-200 352 0.04 0.08 0 0 0 0 0
200-300 04 0 0.04 0 0 0 0 0
300-500 0.12 0 0 0 0 0 0 0
total
0-50 16.56 12 12.56 0 0 0 0 0.56
50-100 14 0.24 224 0 0.08 0 0 0.08
100-200 9.4 0.16 236 0 0 0 0 0
200-300 252 0 128 0 0 0 0 0
300-500 0.88 0.02 06 0 0 0 0 0

Table 7: Frequency Distribution of N. pachyderma (s.) and T. quinqueloba in the Fram Strait (Ark XV/2).

Station77
N. pach. (s) 0-50m 50-100 m 100-200 m 200-300 m 300-500 m
sizeclass| total dead kum. calc. | total dead kum. cac. | total dead kum. cac. | total dead kum. cac. | total dead kum. cac.
70 7 6 0 0 15 3 0 0 33 20 0 2 9 2 0 0 2 1 0 0
93 13 2 1 2 27 8 0 0 69 28 9 1 14 6 5 5 19 19 5 8
116 1 2 1 2 31 6 2 2 63 13 13 27 17 4 6 9 2 18 6 16
139 17 7 3 4 18 1 3 4 65 23 2 35 14 3 3 5 35 34 17 21
162 13 3 4 5 33 9 2 4 80 17 20 30 17 8 5 5 47 4 8 18
186 12 0 2 3 21 2 5 7 50 15 16 19 10 2 3 3 24 15 2 5
209 4 2 0 2 18 1 6 6 15 2 2 4 5 1 1 1 8 5 1 1
232 2 0 1 1 5 1 1 2 14 1 5 7 5 2 3 3 4 3 0 1
255 1 1 0 1 4 0 0 2 2 0 1 2 2 0 0 1 3 2 2 2
278 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0
302 0 0 0 0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0
325 0 0 0 0 2 0 1 2 1 0 1 1 0 0 0 0 0 0 0 0
348 0 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0
371 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
394 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
418 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
T.quin. total  dead kum. calc. | total  dead kum. calc. | total  dead kum. cac. | total dead kum. calc. | total dead kum. calc.
70 335 94 0 2 418 60 0 1 395 176 3 18 97 41 2 24 157 101 2 38
93 189 48 0 3 379 62 1 6 380 141 7 98 99 53 3 42 229 174 5 107
116 108 25 3 5 240 27 1 15 240 50 7 125 66 45 6 28 159 134 1 97
139 130 22 3 5 141 31 0 13 111 35 9 53 47 36 1 25 17 104 7 88
162 118 2 3 7 132 14 4 14 100 31 1 0 48 26 2 23 123 109 15 90
186 52 12 3 7 66 7 8 16 57 1 7 35 18 1 1 8 66 56 12 59
209 10 2 0 2 37 1 5 18 23 2 7 16 4 2 0 2 23 23 4 18
232 9 0 1 3 1 1 1 5 10 1 1 7 4 3 0 2 7 7 1 4
255 0 0 0 0 2 0 0 2 2 0 0 1 1 0 1 1 1 1 0 1
278 0 0 0 0 0 0 0 0 3 0 0 3 0 0 0 0 1 0 0 0
302 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
325 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
348 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Table 7: Continued.
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Table 8: Stable Isotope Data of N. pachyderma (s.) and T. quinqueloba from the Fram Strait (Ark XV/2).

station depth (M) species max. Diameter n d“c +s13 d“o +s18  Living/Dead Calc. Group
()

84 0-50 N.pach. (s.) 290 9 0.56 0.01 246 0.02 living nonencrusted
84 0-50 N.pach. (s.) 255 6 0.46 0.01 219 0.03 living nonencrusted
84 50-100 N.pach. (s.) 314 9 0.64 0.01 261 0.03 living nonencrusted
84 50-100 N.pach. (s.) 267 11 054 0.02 251 0.02 living nonencrusted
84 100-200 N.pach. (s 302 5 0.46 0.09 2.78 011 living encrusted
84 100-200 N.pach. (s.) 255 6 0.40 0.02 3.00 0.03 living encrusted
84 100-200 N.pach. (s.) 278 5 0.55 0.02 2.95 0.02 living encrusted
84 100-200 N.pach. (s.) 255 6 053 0.01 3.01 0.04 living nonencrusted
84 100-200 N.pach. (s.) 278 6 0.56 0.01 3.02 0.03 living nonencrusted
84 100-200 N.pach. (s.) 314 7 0.60 0.01 2.96 0.02 living nonencrusted
84 200-300 N.pach. (s)) 232 10 045 0.01 3.28 0.03 living+dead encrusted
83 0-50 N.pach. (s.) 255 6 0.35 0.02 164 0.03 living nonencrusted
83 0-50 N.pach. (s.) 278 9 0.44 0.02 1.86 0.01 living nonencrusted
83 0-50 N.pach. (s.) 314 5 0.52 0.00 154 0.01 living nonencrusted
83 50-100 N.pach. (s.) 255 9 0.50 0.02 247 0.02 living nonencrusted
83 50-100 N.pach. (s.) 278 7 0.40 0.01 2.26 0.03 living nonencrusted
83 50-100 N.pach. (s.) 302 7 0.61 0.01 2.69 0.02 living nonencrusted
83 50-100 N.pach. (s.) 267 4 0.44 0.01 274 0.01 living encrusted
83 50-100 N.pach. (s.) 302 7 054 0.01 2.68 0.03 living encrusted
83 50-100 N.pach. (s 325 4 0.70 0.01 262 0.02 living encrusted
83 100-200 N.pach. (s.) 267 6 0.46 0.01 2.76 0.04 living nonencrusted
83 100-200 N.pach. (s.) 302 6 0.68 0.02 278 0.03 living nonencrusted
83 100-200 N.pach. (s.) 325 4 0.49 0.01 278 0.03 living nonencrusted
83 100-200 N.pach. (s.) 360 5 0.69 0.02 2.58 0.03 living nonencrusted
83 100-200 N.pach. (s.) 278 4 0.60 0.01 2.95 0.01 living encrusted
83 100-200 N.pach. (s.) 278 5 0.63 0.01 2.95 0.03 living encrusted
83 100-200 N.pach. (s.) 302 4 053 0.01 3.00 0.02 living encrusted
83 100-200 N.pach. (s 325 3 0.76 0.02 294 0.02 living encrusted
83 200-300 N.pach. (s)) 220 5 043 0.01 320 0.03 living+dead encrusted
83 300-500 N.pach. (s)) 221 3 0.55 0.02 3.28 0.03 living+dead encrusted
83 300-500 N.pach. (s)) 278 3 0.60 0.01 2.83 0.04 living+dead encrusted
83 300-500 N.pach. (s)) 302 3 0.65 0.02 2.90 0.03 dead encrusted
83 300-500 N.pach. (s)) 325 3 0.64 0.01 2.70 0.02 dead encrusted
82 0-50 N.pach. (s.) 198 14 -0.29 0.02 2.96 0.05 living+dead nonencrusted
82 0-50 N.pach. (s.) 232 4 -0.01 0.02 2.92 0.05 living nonencrusted
82 0-50 N.pach. (s.) 279 5 035 0.02 314 0.04 living nonencrusted
82 50-100 N.pach. (s.) 255 5 0.10 0.03 291 0.03 living nonencrusted
82 50-100 N.pach. (s.) 278 5 0.10 0.02 320 0.03 living+dead nonencrusted
82 50-100 N.pach. (s.) 302 3 0.52 0.01 330 0.02 living nonencrusted
82 100-200 N.pach. (s.) 255 4 0.27 0.02 327 0.02 living encrusted
82 100-200 N.pach. (s.) 290 4 0.35 0.02 336 0.04 living encrusted
82 100-200 N.pach. (s.) 325 2 0.66 0.01 314 0.03 living encrusted
82 200-300 N.pach. (s.) 244 6 0.25 0.01 329 0.03 living+dead encrusted
81 0-50 N.pach. (s.) 198 12 -0.05 0.02 2.88 0.03 living+dead nonencrusted
81 0-50 N.pach. (s.) 221 6 0.03 0.03 294 0.06 living nonencrusted
81 0-50 N.pach. (s.) 255 2 -1.00 0.08 181 0.09 living nonencrusted
81 50-100 N.pach. (s.) 255 7 013 0.01 2.96 0.05 living nonencrusted
81 50-100 N.pach. (s.) 278 3 0.32 0.04 329 0.08 living nonencrusted
81 50-100 N.pach. (s.) 325 2 031 0.02 334 0.04 living nonencrusted
81 50-100 N.pach. (s.) 232 9 -0.31 0.01 232 0.02 living encrusted
81 100-200 N.pach. (s.) 221 7 -0.01 0.03 271 0.05 living nonencrusted
81 100-200 N.pach. (s.) 255 7 1.25 0.08 240 0.05 living+dead nonencrusted
81 100-200 N.pach. (s.) 232 3 -0.01 0.02 2.62 0.03 living+dead encrusted
81 100-200 N.pach. (s.) 255 6 013 0.02 2.84 0.04 living+dead encrusted
81 100-200 N.pach. (s.) 278 3 0.03 0.01 2.88 0.03 living+dead encrusted
81 100-200 N.pach. (s) 314 2 0.06 0.04 217 0.08 living encrusted
81 200-300 N.pach. (s)) 279 7 0.38 0.01 336 0.01 living+dead encrusted
81 300-500 N.pach. (s.) 209 16 -0.40 0.04 252 0.05 dead encrusted
80 0-50 N.pach. (s.) 255 7 0.15 0.02 348 0.05 living+dead nonencrusted
80 0-50 N.pach. (s.) 278 3 051 0.04 279 011 living nonencrusted
80 0-50 N.pach. (s.) 302 3 035 0.02 318 0.04 living+dead nonencrusted
80 100-200 N.pach. (s.) 255 4 0.26 0.01 328 0.02 living+dead encrusted
80 100-200 N.pach. (s.) 278 6 0.15 0.02 322 0.06 living encrusted
80 100-200 N.pach. (s.) 325 4 037 0.01 336 0.01 living encrusted
80 200-300 N.pach. (s) 244 5 023 0.01 342 0.02 living+dead encrusted
80 300-500 N.pach. (s.) 221 6 -0.19 0.02 291 0.02 living+dead encrusted
79 0-50 N.pach. (s.) 255 6 -0.13 0.02 335 0.02 living nonencrusted
79 0-50 N.pach. (s.) 278 7 0.12 0.06 3.27 0.02 living nonencrusted
79 0-50 N.pach. (s.) 302 2 -0.17 0.03 337 0.06 living nonencrusted
79 50-100 N.pach. (s.) 255 3 -0.28 0.05 245 0.06 living nonencrusted
79 50-100 N.pach. (s.) 278 4 0.27 0.01 2.87 0.03 living+dead nonencrusted
79 50-100 N.pach. (s.) 314 2 0.28 0.02 3.09 0.04 living nonencrusted
79 100-200 N.pach. (s.) 255 9 0.16 0.03 3.09 0.06 living encrusted
79 100-200 N.pach. (s.) 278 2 0.19 0.02 3.28 0.03 living encrusted
79 100-200 N.pach. (s.) 302 5 0.27 0.02 336 0.04 living encrusted
79 100-200 N.pach. (s.) 348 2 0.62 0.03 3.63 0.07 living encrusted
79 100-200 N.pach. (s.) 279 1 0.18 0.07 3.02 0.09 living nonencrusted
79 200-300 N.pach. (s.) 198 5 017 0.01 2.63 0.04 living+dead encrusted
79 200-300 N.pach. (s.) 255 4 0.30 0.01 3.06 0.01 living+dead encrusted
79 300-500 N.pach. (s.) 198 4 0.06 0.02 2.96 0.03 dead encrusted
79 300-500 N.pach. (s.) 232 3 0.19 0.02 261 0.05 living+dead encrusted
79 300-500 N.pach. (s)) 255 2 0.24 0.02 2.98 0.03 dead encrusted
79 300-500 N.pach. (s.) 325 1 033 0.03 312 0.05 dead encrusted
78 50-100 N.pach. (s.) 232 10 -0.24 0.04 228 0.11 living nonencrusted
78 50-100 N.pach. (s.) 278 3 034 0.02 3.04 0.04 living nonencrusted
78 50-100 N.pach. (s.) 209 4 -0.12 0.01 2.68 0.01 living encrusted
78 100-200 N.pach. (s.) 232 5 -0.02 0.02 275 0.05 living+dead nonencrusted
78 100-200 N.pach. (s.) 267 5 0.39 0.02 277 0.02 living+dead nonencrusted
78 100-200 N.pach. (s.) 255 3 0.17 0.06 2.82 0.07 living encrusted
78 100-200 N.pach. (s.) 290 3 0.30 0.01 2.86 0.03 living encrusted
78 300-500 N.pach. (s 255 5 0.49 0.01 2.95 0.03 dead encrusted
77 50-100 N.pach. (s) 290 5 021 0.01 2.39 0.03 living encrusted
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Table 8: Continued.

station depth (M) species max. Diameter n d“c +s13 d“o +s18  Living/Dead Calc. Group
()

v 100-200 N.pach. (s.) 232 3 0.25 0.02 254 0.02 living encrusted
v 100-200 N.pach. (s.) 267 2 0.25 0.03 244 0.03 living encrusted
77 100-200 N.pach. (s 325 1 0.28 0.03 2.29 0.05 living encrusted
77 200-300 N.pach. (s 174 6 027 0.02 2.72 0.05 living+dead encrusted
v 200-300 N.pach. (s.) 221 5 0.23 0.02 313 0.03 living+dead encrusted
v 300-500 N.pach. (s.) 197 12 -0.03 0.01 2.96 0.02 living+dead encrusted
84 0-50 T. quin. 232 12 0.34 0.01 157 0.02 living+dead nonencrusted
84 50-100 T. quin. 244 12 0.01 0.01 2.26 0.02 living nonencrusted
84 100-200 T. quin. 232 16 0.16 0.02 251 0.03 living+dead nonencrusted
83 0-50 T. quin. 232 21 0.10 0.02 149 0.03 living+dead nonencrusted
83 50-100 T. quin. 267 16 0.39 0.01 264 0.02 living+dead nonencrusted
83 100-200 T. quin. 197 20 -0.99 0.01 2.68 0.02 living+dead non+encrusted
83 200-300 T. quin. 163 13 -1.07 0.01 225 0.04 living+dead non+encrusted
83 300-500 T. quin. 209 24 -1.35 0.01 253 0.04 living+dead encrusted
82 50-100 T. quin. 186 17 -0.98 0.08 1.56 0.16 living nonencrusted
82 50-100 T. quin. 209 9 -1.17 0.01 2.63 0.03 living non+encrusted
82 100-200 T. quin. 198 20 -1.14 0.01 271 0.02 living+dead encrusted
82 100-200 T. quin. 244 9 -1.09 0.05 2.58 0.07 living+dead encrusted
82 200-300 T. quin. 209 21 -1.25 0.01 257 0.01 living+dead encrusted
82 300-500 T. quin. 209 20 -1.27 0.01 2.62 0.02 dead encrusted
82 300-500 T. quin. 186 18 -1.24 0.01 272 0.03 dead encrusted
81 0-50 T. quin. 209 30 -1.06 0.01 254 0.01 living+dead encrusted
81 50-100 T. quin. 186 30 -1.42 0.02 234 0.04 living nonencrusted
81 50-100 T. quin. 209 30 -1.46 0.02 222 0.04 living nonencrusted
81 50-100 T. quin. 232 11 -1.25 0.02 2.50 0.04 living nonencrusted
81 50-100 T. quin. 209 26 -1.22 0.01 253 0.03 living encrusted
81 50-100 T. quin. 232 15 -1.31 0.02 227 0.02 living encrusted
81 100-200 T. quin. 209 24 -1.40 0.05 231 0.07 living encrusted
81 100-200 T. quin. 232 12 -1.35 0.01 2.38 0.03 living encrusted
81 200-300 T. quin. 209 24 -1.13 0.08 2.61 0.10 dead encrusted
81 200-300 T. quin. 232 12 -1.26 0.01 251 0.03 dead encrusted
81 200-300 T. quin. 186 11 -1.33 0.02 251 0.03 dead encrusted
81 300-500 T. quin. 209 21 -1.42 0.02 2.36 0.02 dead encrusted
81 300-500 T. quin. 232 20 -1.24 0.02 242 0.02 dead encrusted
80 100-200 T. quin. 162 19 -1.22 0.02 2.94 0.03 living encrusted
80 100-200 T. quin. 186 20 -1.17 0.02 278 0.03 living encrusted
80 100-200 T. quin. 221 9 -1.09 0.02 2.95 0.04 living encrusted
80 200-300 T. quin. 162 13 -1.21 0.01 2.85 0.02 dead encrusted
80 200-300 T. quin. 198 13 -1.16 0.02 272 0.02 living+dead encrusted
80 300-500 T. quin. 186 10 -117 0.01 279 0.02 dead encrusted
80 300-500 T. quin. 151 14 -1.25 0.02 2.76 0.03 living+dead encrusted
79 0-50 T. quin. 186 14 -151 0.01 232 0.02 living+dead nonencrusted
79 0-50 T. quin. 209 21 -0.92 0.01 277 0.02 living+dead non+encrusted
79 0-50 T. quin. 162 12 -141 0.03 253 0.03 living+dead nonencrusted
79 50-100 T. quin. 209 15 -1.55 0.02 225 0.03 living nonencrusted
79 50-100 T. quin. 244 21 -1.40 0.02 228 0.04 living nonencrusted
79 50-100 T. quin. 186 12 -1.66 0.02 218 0.02 living+dead nonencrusted
79 100-200 T. quin. 186 22 -1.42 0.01 248 0.03 living+dead nonencrusted
79 100-200 T. quin. 221 23 -1.40 0.01 245 0.02 living+dead encrusted
79 100-200 T. quin. 209 20 -1.18 0.03 2.83 0.04 living+dead encrusted
79 100-200 T. quin. 186 18 -1.12 0.03 2.96 0.02 living+dead encrusted
79 200-300 T. quin. 198 30 -1.05 0.02 297 0.03 living+dead encrusted
79 200-300 T. quin. 162 13 -1.08 0.03 2.88 0.06 living+dead encrusted
79 300-500 T. quin. 186 11 -1.18 0.02 291 0.03 dead encrusted
79 300-500 T. quin. 221 24 -1.04 0.02 2.86 0.03 dead encrusted
79 300-500 T. quin. 162 13 -1.24 0.02 2.80 0.05 dead encrusted
78 0-50 T. quin. 186 11 -1.73 0.02 207 0.03 living+dead nonencrusted
78 0-50 T. quin. 221 24 -1.64 0.02 213 0.04 living+dead nonencrusted
78 50-100 T. quin. 209 23 -1.37 0.02 242 0.04 living encrusted
78 50-100 T. quin. 232 20 -1.19 0.01 271 0.04 living encrusted
78 100-200 T. quin. 209 25 -1.08 0.02 2.82 0.03 living encrusted
78 100-200 T. quin. 232 24 -1.25 0.01 2.67 0.02 living encrusted
78 300-500 T. quin. 209 22 -1.30 0.02 2.63 0.04 living+dead encrusted
78 300-500 T. quin. 232 18 -1.16 0.01 264 0.03 living+dead encrusted
v 0-50 T. quin. 209 22 -1.44 0.01 2.24 0.03 living+dead nonencrusted
7 0-50 T. quin. 197 14 -1.01 0.03 281 0.04 living+dead encrusted
7 50-100 T. quin. 209 10 -118 0.02 254 0.03 living+dead encrusted
7 50-100 T. quin. 232 14 -1.28 0.01 247 0.03 living+dead encrusted
7 50-100 T. quin. 174 10 -1.22 0.02 2.62 0.02 living+dead encrusted
7 100-200 T. quin. 209 16 -1.46 0.02 2.49 0.04 living+dead encrusted
7 100-200 T. quin. 174 14 -1.29 0.01 261 0.02 living+dead encrusted
7 100-200 T. quin. 244 23 -1.08 0.02 243 0.05 living+dead encrusted
7 200-300 T. quin. 163 6 -1.23 0.01 275 0.03 living+dead encrusted
7 200-300 T. quin. 221 15 -0.94 0.02 241 0.05 living+dead encrusted
7 300-500 T. quin. 232 6 -1.25 0.02 229 0.04 dead encrusted
7 300-500 T. quin. 209 6 -1.21 0.02 252 0.05 dead encrusted
77 300-500 T. quin. 186 13 -1.33 0.01 2.50 0.03 dead encrusted
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