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Foraminifera are abundant in the marine sediment in all of the worlds’s oceans and offer a valuable proxy method
to reconstruct water depth, circulation, productivity and deep water aeration. The choice of size fraction used when
studying benthic foraminifera in upwelling areas are important. A review of 15 earlier studies where benthic fora-
minifera has been analysed, has shown that there are different size fractions used and this may in some cases cause
problems. The aim of the study will have to decide what method that is most appropriate in each case. Deep water,
depleted of oxygen with high fluxes of carbon seem to favor some species. Amongst them FE. exilis, C. laevigata
and Epistominella sp. Through this study it is shown that Epistominella sp. And C. crassa are not abundant, or very
rarely abundant if sieves of >125 um is used. The explanation is that foraminifera species tolerant of low oxygen
conditions are high in number and small in sizes and will fall out if the sieve is >125. To secure a correct scientific
result, and to perceive correct faunal assemblages, the 63-125 um size fraction together with the larger fraction
should always be used in regions characterized by deep water upwelling.
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En jamforelse av storleksfraktioner vid faunasammansattning av
bentiska djuphavsforaminiferer—en fallstudie fran SW-Afrikas
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Sammanfattning: Foraminiferer forekommer i marina sediment i vérldens hav och utgér en vérdefull proxymetod
for att rekonstruera vattendjup, strommar, produktivitet och syrenivén vid djuphavsmassor. Valet av storleksfrakt-
ion som anvénds ndr studier pa bentiska djuphavs-foraminiferer utfors har visat sig ha betydelse nir ekologisk
fauna vid upvillningsregioner studeras. En genomgang av tidigare studier har visat att valet av storleksfraktion skil-
jer sig at, och detta kan i vissa fall skapa komplikationer. Syrefattigt djupvatten dar mycket organiskt material till-
fors havsbotten verkar vara fordelaktigt for vissa arter. Bland dem E. exilis, C. laevigata och Epistominella sp. Ge-
nom denna studie har det visat att Epistominella sp och C. crassa inte dr forekommande 6verhuvudtaget om stor-
leksfraktionen 63-125 pum inte har inkluderats. Forklaringen till detta tolkas vara att foraminiferarterna vid syrefat-
tiga forhéllanden ofta dr sma till storleken och ménga till antalet. Dessa opportunistiska arter kommer att sillas bort
om silen som anvinds vid framtagandet av fraktionerna &r storre dn 125 pm. For att fa ett sa korrekt vetenskapligt
resultat vad géller ekologisk fauna sa bor alltid storleksfraktionen 63-125 um tillsammans med storre fraktioner
analyseras.
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1 Aim

The aim of this study is to understand the importance
of size fractions used for faunal assemblage studies
based on benthic foraminifera. There has been, and
there still is, difference in opinion about the methods
that are used when sampling and analyzing foramini-
fera faunal assemblages. (Schroder et al. 1987) al-
ready suggested in a paper from 1987 that the way of
handling samples and data should be standardised.

This study is divided in to two parts. A completed
literature review aims to shed light on the most com-
mon used size fractions and whether there are any dif-
ference in size fractions used when paleoecological,
paleoceanografic and stable isotope studies are perfor-
med.

A quantitative study of a core that originates from

the coast of SW-Africa has been performed (Romero
2003). The 63-125 pum fraction has been studied and
compared to larger fractions (125-250, 250-500, >500
um) that has been analyzed earlier.
It is assumed that there will be a change in abundance
and faunal assemblages when the 63-125 um fraction
is studied and compared with the larger fractions. The
conditions where the core has been collected (See
study site and Fig 1) are highly ideal for small oxygen-
tolerant and opportunistic species, and it is therefore
likely that these species will be more abundant in >63
um, because they will be washed out from the >125
pm

However, because of the unclearness about the best
use of size fractions, this analysis will together with
already existing data from the larger size fractions
provide direct information if there are differences in
abundance and faunal assemblages, in an environment
characterized by deep water and intense upwelling,
when the 63-125 pm fraction is analyzed for faunal
assemblages.

2 Scientific questions and hy

pothesis
. What is the most common sieve size used, and
are there a wide spread of fraction sizes used?
. When counting and identifying species of the

63-125 pm fraction a larger number of fora-
minifera will be found — that have been washed
out when analyzing the larger fractions.

. Different species, associated with oxygen-poor
conditions and high organic fluxes to the sea
floor will be more abundant. Foraminifera asso-
ciated with oxygen-poor conditions (upwelling
areas) are known to be small and will not be
fairly presented when looking at larger fract-
ions because they will be washed out when the
samples are prepared.

3 Introduction

There is no doubt about the oceans great importance
when it comes to climate and the developing of life on

earth. The thermohaline circulation and the interaction
between oceans and some of the most fundamental
cycles, like carbon and nitrogen cycle are both clear
examples of that. The oceans also function as an ar-
chive that is letting us study past geological, biological
and ecological activities. The marine sediments are
providing us with fossils that can tell us a lot about the
past. One of those fossils faunas are foraminifera
(Bleil 1996).

Benthic foraminifera are simple one celled organ-
ism, protozoans that exist in and on sediments
throughout the deep sea environment. They are organ-
isms that form a shell of calcareous material (apatite or
calcite) or cemented sediment particles (agglutinated)
(Gupta 2002). The organic cement of agglutinated
species normally degrades when buried in the deep sea
sediment and can therefore be underrepresented in the
fossil archives (Gupta 2002). The calcareous species
have a high preservation potential and are well preser-
ved in sediments. An exception is at abyssal depth,
where the carbonate is dissolved because of under
saturation from the bottom waters. The benthic fora-
minifera are represented in the fossil archives from
Cambrian to today (Gupta 2002).

Benthic foraminifera are amongst the most exten-
sively distributed marine organism existing in the oce-
ans. The abundance and diversity of foraminifera are
known to be affected by many factors, including the
most significantly properties of the oceans such as,
temperature and salinity (Sengupta & Machaincastillo
1993).

Benthic foraminifera have been used for a long
time to reconstruct deposition depth. Their abundance,
diversity and species composition show a distinct trend
with depth of water (Berger & Diesterhaass 1988).
They are also very valuable as a proxy for recon-
structing productivity and deep water aeration
(Filipsson et al. 2011). Depth may be an important
factor controlling the distribution but also factors like
presence of organic matter, deep water masses, influx
of terrigenous mud and redeposition are controlling the
distribution (Berger & Diesterhaass 1988).

Understanding the ecology of foraminifera is one
of the key factors to be able to use them in scientific
studies. The fact that foraminifera are small, abundant
in the fossil archive since 500 ma years ago and that
they are forming a test that often is preserved in the
sediment, makes them invaluable as paleoenvironmen-
tal proxy. Foraminifera are used in sequence stra-
tigraphy, as biomarkers, to interpret past environ-
ments, as indicators for productivity, low oxygen, and
seasonal stratification — both in the past and to monitor
changes and current conditions.

They are also frequently used in isotopic studies of
stable oxygen- and carbon isotopes (Murray 2006).

3.1 Study site

Upwelling regions are associated with nutrient rich,
oxygen depleted water and high primary productivity
in the surface water, see figure 1. (Kuypers et al. 2005)



As can be seen in Fig. 2, The Oxygen Minimum Zone,
(OMZ) characterized by low dissolved oxygen is de-
pendent on global ocean currents, geography and pri-
mary production. Old water masses that have not been
aerated for a long time is depleted of oxygen. If they
are upwelled or situated under areas with high primary
production in the surface water, the consumption of
organic debris in the water column will deplete the
water even more of oxygen. (Gupta 2002)

Upwelling occurs at the Benguela current system
(White box in Fig. 1).

The shelf adjacent to the coast of Namibia is a part of
this system, and is characterized by an upwelling zone
with high primary production, oxygen depleted water
with following anoxic conditions and sulfidic bottom
waters. (Bruchert 2003)

Southeasterly trade winds in the region are causing
upwelling of cold nutrient rich water that origins from
south atlantic central water. (Romero 2010)

Romero (2010) has with studies of diatom
assemblages and bulk biogenic components described
the intensity of the upwelling at the region trough the
last 70 ka. There has been up welling occurring during
the whole period but with variety in intensity and cli

mate. Several gravity cores have been collected from
RV METEOR cruises. This study uses the sediment
core GeoB3606-1 from Cruise 34/1. The core was
brought up from a water depth of 1795 meters. It is
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Fig 1. Global map showing the annual primary production.
The white box are showing the Benguela current system,
within the core GeoB3606-1 has been brough up (Kuypers et
al. 2005)

kept at the University Of Bremen, Germany. (Romero
2010 & Bleil 1996)

3.2 Distribution of deep water benthic

foraminifera
Salinity affects the foraminifera through osmosis. Dif-
ferent species have different preferences when it
comes to salinity, but the majority of foraminifera
thrive at salinity between 32-37 ppm. The salinity
range from foraminifera are from 0-70. (Murray 2006)
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Fig 2. Global map showing the OMZ (oxygen minimum
zone) The red square is showing the region where the core
used in this study has been sampled . (Max planck institute
for marine microbiology 2014)

Temperature is also an important factor controlling the
distribution of foraminifera assemblages. Species have
their own preferences and the variability amongst them
is wide spread. (Murray 2006)

Biotic factors as competition and predation and food
supply are also factors that strongly control the distri-
bution of foraminifera.

The samples that have been analyzed in this study ori-
gins from an upwelling region. The upwelling zone is
associated with low oxygen conditions and high dis-
solved organic carbon input to the sea floor. These two
factors will therefore be more comprehensive in this
study.

3.3 Oxygen

Oxygen is a known factor limiting organisms on the
earth. It has been shown through earlier studies that
some hard shelled foraminifera can survive in anoxia
conditions up to two month or in some cases, even
longer (Gupta 2002). Oxygen is only important when
it is near the lower tolerance level for species. Above
that level it is not limiting and can be ignored. (Gupta
2002)

The top surface of the sediment is normally a low

oxygen area because organisms in the sediment consu-
mes the oxygen. (Gupta 2002)
Several studies confirm that smaller foraminifera
survive low oxygen conditions better than larger spe-
cies. In many cases smaller foraminifera species are
dominated in low oxygen regions. (Santa Barbara ba-
sin dominated by Nonionella stella) Epistominella spp
are common as dominant specie of Low oxygen reg-
ions. (Gupta 2002)



Deep infaunal species that are tolerant to low oxygen
conditions seem to develop large population, and it
seems like the organic input is the main controlling
factor. (Gooday 2003) A high abundance and domi-
nance and low species richness is common at the low
oxygen regions. (Gooday 2003)

3.4 Microhabitat

Benthic foraminifera are believed to a large extent be
controlled by depth and the large overlying water mas-
ses. Corliss (1985) showed in a study that a number of
in faunal benthic foraminifera species are more con-
trolled by the physiochemical conditions within the
sediment than earlier believed. This is something that
is important to consider when faunal assemblages are
looked upon. (Corliss 1985)

Several studies have shown the importance of the
microhabitat in sediment affecting the diversity and
abundance of foraminifera. Even if oxygen levels and
organic input of foraminifera assemblages are well
examined, the microhabitat’s chemical composition
can vary from one place to another. (Gooday 2003)

3.5 Carbon fluxes

It is known that some taxa can take advantage of pul-
ses of organic matter better than others. There are dif-
ferent ecological niches when it comes to benthic fora-
minifera. There are those who feed on detritus materi-
al, those who feed on bacteria that thrive in the detritus
and those who feed on bacteria that degrades the
organic matter in the sediment mixed zone. (Gupta
2002)

According to (Murray 2006) there is evidence that
benthic foraminifera feed in a non-competitive way.
The common view is that carbon organic matter is
considered to be a single variable when the truth is that
C organic matter should be viewed as a complex
factor. (Murray 2006)

Some foraminifera live in the phytodetrius, and
favors directly from the input. Small species, including
Epistominella sp are one of those species. C. crassa
feeds on fresh organic matter from phytoplankton’s in
the surface water. (Suhr & Pond 2006)

Species that feed directly on the phytodetrius are only
representing a small part of the total assemblage.
(Murray 2006)

3.5.1 Diatoms

Diatoms are primary producers that in upwelling reg-
ions strongly attributes to the organic material re-
aching the sea floor. The organic chains in diatoms are
one of the main feeding sources for deep water bent-
hic foraminifera in upwelling regions. (Romero 2010)

3.6 Species expected to be found

Families Bolivina, Bulimina, Fursenkoina, Uvigerina,
Cassidulina, Chilostonella, Epistominella, Lenticulina
and Nonionella are all common at organic rich and

oxygen depleted areas and are believed to be found.
(Gooday 2003)

4 Literature study

The sieve used when washing the samples has the
simple function of removing unwanted inorganic
compounds and remain the foraminifera so it is
possible to count and indentify them. According to
Schroder et al (1987) a sieve opening of 20 um is ne-
cessary if all foraminifera tests, including some num-
bers of unidentified juveniles should be preserved.
Here we also need to take in consideration that the
analyzing of the samples will be very time consuming
and the juvenile foraminifera may be a problem
because they are too small to identify.

If a major part of the unwanted inorganic fractions
wish to be excluded the sieve needs to be 200 pm.
However, in these fraction small foraminifera, both
adults and juvenile will be lost. In some cases, the loss
of the smaller foraminifera will affect the result of the
study. Schroder et al (1987) therefore suggests that the
63 um fraction is used, as a lower limit for the finest
fraction, in scientific studies including benthic fora-
minifera because it will provide a better range of indi-
cator species and produces larger assemblages.

Also (Sengupta & Machaincastillo 1993) are obser-
vant on the fact that laboratory procedures are not
standardized in foraminifera ecology. Therefore
should data concerning dominance and abundance be
viewed with some caution, and if possible look at
which size fractions that have been studied. (Sengupta
& Machaincastillo 1993)

In the cases where different size fractions are used
in low oxygen regions, the studies can not really tell if
smaller species have an advantage over larger species
in oxygen depleated region, because the result will
simply be different depending on the chosen size
fraction. However, larger species are not well
documented in low oxygen regions (dyoxic, microxic,
anoxic) conditions. (Gupta 2002)

In a study reviewed in (Gupta 2002) the conclusion
regarding foraminifera and low oxygen conditions was
that survival of foraminifera in anoxic environments
was different in two separate size fractions. They the-
refore suggest that when sampling from low oxygen
areas small size fractions are used when analyzing.

Abundance of foraminifera is in some oxygen dep-
leted regions very high. Because of low predation
pressure and opportunistic species that can use the
high amount of dissolved organic material. (Gupta
2002)

Under the top heading you may have lower level he-
adings. The second level may look like this:

5 Method



3.1 Literature study

In this project previous studies have been reviewed.
The direction has been to look at studies that somehow
are related to the work with benthic foraminifera and
where the same methods have been used.

In the data base Web of Knowledge three different
search terms were made with the aim of going trough
different studies to see what size fractions that are nor-
mally used in studies with benthic foraminifera.

1-4a: Search terms: Benthic foraminifera — Title, pa-
leoceanography — topic (Highest citated)

1-5b: Search terms: Benthic foraminifera — Title, pa-
leoecology — topic (Highest citated)

1-5¢: Search terms: Benthic foraminifera isotopes* -
Title (Newest to oldest)

The hits from each search were then systematically
worked through from top to bottom. The search terms
helped to pick out relevant studies where benthic fora-
minifera are used. The results were put in to a table
and are presented in the results below, see (table 2)

3.2 Laboratory analysis

Prepared samples from 10 cm® of the core Ge-
0B3606-1 within the fraction 63-125 um has been ana-
lyzed according to species and number of species wit-
hin the samples. Foraminifera have been counted and
identified in the fraction 63—125 um. Earlier, McKay
(in prep.) 125-250 um, 250-500 pm and >500 pm.

The samples were picked out with regards to peaks
and troughs in the other fractions that were analyzed.
The samples were prepared for microscope by evenly
distribute them over a microfossil tray containing 45
squares. In some cases, when the samples contained
much material, the sample was divided by using a se-
diment splitter. Some samples were even split twice.
The foraminifera were then identified and counted up
to a total of >300. After counting up to 300, for
method see (Murray 2006), individuals the foramini-
fera were multiplied up to an average value for the
whole sample. This was done with help of the squares
of the tray 45 for one tray 90 for two trays etc.

A total of 15 samples was analyzed. The data were
put in to excel. The data were compared to earlier un-
published data done by McKay. A comparison
between Individual occurrence and relative abundance
in percentage in the different size fractions were made.
In the McKay (In prep.) work, the samples represen-
ting the same depth as written below were picked out
for the study.

The fifteen samples and their depth are shown in
table 1.

Table 1. The fifteen analyzed samples in depths, meter.

Samp]e 1 2 3 4 5 6
Depth 4.23 4.78 5.08 5.23 5.48 8.18
(Meter)

Data from both individual species assemblages and
abundance data were also put in to the program Tilia
and excel to get illustrative charts.

Diatom data from Romero (2010) was used to plot
against foraminifera abundance and total foraminifera

concentration.
4 Results
4.1 Literature study

In five of the examined earlier studies, see (Table 2),
>63 pum fraction is used. In two studies 4a and 5b in
(table 1) they are using a mix of three different size
fractions. Three uses the >150 pm fraction and 2 the
>125 um fraction. In one they use >200 um fraction
and in one >250 pum fraction.

4.2 Paleoecological analysis of fora-
minifera of the 63-125 um fraction

4.2.1 Abundant foraminifera in the 63-125 pm
fraction

Photos of all abundant species in the 63-125 pum
fraction (Fig 4)

Fig. 3 shows relative percentage of all abundant
foraminifera in the 63-125 pum fraction. It also show
the total concentration of foraminifera per sample and
the diatom concentration. The diatom concentration
has been analyzed in (Romero 2010)

4.2.2 Comparasion of benthic foraminifera
assemblages between different size fract-
ions

The graphs (Fig. 6-13) are representing individual
abundance of species from fractions 63-125, 125-250,
250-500 and >500 um fractions.

The graphs are representing species that are in
some way different in abundance or total individual
species abundance in the 63-125 um fraction compa-
red to the 125-250, 250-500 and >500 um fractions.
Graphs and raw data for all species from all size fract-
ions are attached in appendix 1.

In the 15 samples used in this study the total number

10 11 12 13 14 15

833 853 858 863 878 898 9.3 933 958

10



Table 2. Fifteen reviewed studies. Title and field of research is included in every box 1-4a, 1-6b, 1-5¢ was found with different

search methods. (See methods) The size fraction used is plotte din the box to the right.

1a. A low extinction rate of intermediate-water benthic foraminifera at the cretaceous/
tertiary boundary. (Kaiho 1992)

Field: paleontology/paleoecology/paleoceanography

2a. Paleocene to Neogene deep-sea paleoceanography in the eastern Indian Ocean: benthic
foraminifera from ODP Sites 747, 757 and 758. (Nomura 1995)

Field: Paleontology/paleoceanography
3a. Late Quaternary benthic foraminifera and deep-water paleoceanography in the South
China Sea. (Jian & Wang 1997)

Field: paleontology/paleocanography
4a. Relevance of specimen size in distribution studies of deep-sea benthic foraminifera.
(Gupta et al. 1987)

Field: Paleoceanography
1b. Paleocirculation of the Deep North Atlantic: 150, 000- Year Record of benthic Foramini-
fera and Oxygen-18. (Streeter & Shackleton 1979)

Field: Paleoceanagraphy
2b. The distribution of benthic foraminifera in the Adriatic sea. (Jorissen 1987)
Field: Paleontology/paleoecology

3b. Natural dissolution of modern shallow water benthic faoraminifera: taphonmic effects on
the paleoecological record. (Murray & Alve 1999)

Field: Paleoecology

4b. Benthic foraminifera as indicators of changing Mediterranean-Atlantic water exchange in
the late Miocene. (Seidenkrantz et al. 2000)

Field: Paleoecology
5b. Deep-water changes: the near-synchronous disappearance of a group of benthic fora-
minifera from the Late Miocene Mediterranean. (Kouwenhoven et al. 1999)

Field: Paleoecology
6b. Sea-level history, 45,000 of 30,000 yr B.P., inferred from Benthic foraminifera, Gulf St.
Vincent, South Australia. (Cann et al. 1988)

Field: paleoceanography
1c. Improved oxygen isotope temperature calibrations for cosmopolitan benthic foramini-
fera. (Marchitto et al. 2014)

Field: Oxygen isotope study
2c. Sub-arctic Holocene climatic and oceanographic variability in Stjernsund, northern Nor-

way: evidence from benthic foraminifera and stable isotopes. (Joseph et al. 2013)

Field: Holocene climate/isotope

>63 um

>63 or >149

um

>150 pm

63+125+250

um

>150 um

>150 pm

>63 um

>125 pum

63+125+595

um

>63 um

>250 pm

>125 um
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Table 2 continued. Fifteen reviewed studies. Title and field of research is included in every box 1-4a, 1-6b, 1-5¢ was found with
different search methods. (See methods) In the left coulumn number, title and field of study. In the right coulumn, the used size

fraction.
3c. Variation in stable carbon and oxygen isotopes of individual benthic foraminifera: tracers ' >63 um
for quantifying the magnitude of isotopic disequilibrium. (Ishimura et al. 2012)
Field: carbon and oxygen isotopes
4c. Benthic foraminifera and their stable isotope composition in sediment cores from lake >63 um
garun, Egypt: changes in water salinity during the past 500 years. (Abu-Zied et al. 2011)
Field: Stable isotopes
5c. Boron isotopes and B/Ca in benthic foraminifera: Proxies for the deep ocean carbonate >200 pm
system. (Rae et al. 2011)
Field: Boron isotopes
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Fig 3. Abundance in percentage. All of the species abundant in 63-125 fraction. Total foraminifera concentration and
diatom concentration. of
spe-

cies found was 11. 8 of those species are shown in

graphs in Fig. 6-13.

Overall are the 63-125 um fractions showing simi-

12


file:///G:/Exjobb%20i%20elfte%20timmen/ARBETE%20TILL%20PUBLISHERB.docx#_ENREF_9#_ENREF_9
file:///G:/Exjobb%20i%20elfte%20timmen/ARBETE%20TILL%20PUBLISHERB.docx#_ENREF_1#_ENREF_1
file:///G:/Exjobb%20i%20elfte%20timmen/ARBETE%20TILL%20PUBLISHERB.docx#_ENREF_20#_ENREF_20

Fig 4. Abundant species in the 63-125 pm size fraction stu-
died. : Epistominella sp, D: N.
iridea, . B. mexicana, G: B. pseudopunctata,
: C. crassa.

: B. aculeata, B: E. exilis,
: C. laevigata,

: F. rotundata, 1: B. spathulata,

lar trends with the larger 125-250 um fraction. Species
C. crassa, N. iridea and Epistominella sp. show in the
graphs, see (Fig. 6, 7 and 8) that they are more abun-
dant in the 63-125 pm fractions then in the other
fraction. B. pseudopunctata (Fig. 9) shows a little less
abundance in the 63-125 um fractions when compared
to 125-250 um. B. Mexicana is more abundant at cer-
tain depth (Fig. 10)

C. laevigata (Fig. 8) is showing the same pattern of
abundance as in the larger fraction (125-250 pm) but it
is less abundant in 63-125 um fraction. The same goes
for E. exilis, (Fig. 13) which is the most abundant spe-
cie in the 125-250 pm, 250-500 pm and >500 pm
fraction together.

Some of the species found in 63-125 fraction were not

13

found in the 250-500 pm and >500 um. Amongst them

family Epitominella sp and species C. crassa. (Fig. 7
and 11)

4.2.3 Comparison of abundance in percentage
between >63 um and >125 um fraction

The graphs (Fig. 14-24) are showing abundance in
percentage. The blue line is abundance in >125 pm.
(125-250 pm +250-500 pm +>500 pm) The red line is
the abundance in percentage in >63 pm. (63-125 pm
+125-250 pm +250-500 pm +>500 pm)

C. crassa and Epistominella sp. (Fig. 15 and 16) are
more abundant in all of the 15 depth when the 63-125
pum fraction is included in the calculation. N. Iridea
(Fig. 14) is more abundant in almost all of the samples
when 63-125 pum fractions are included. F. rotundata
(Fig. 22) is more abundant in the samples representing
the depth: 4.23, 4.78, 5.08, 5.23 and 9.58. But at the
other depth it is the same.
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Fig. 14-24. Abundance in percentage. The dark blue line is representing >125 pm (125-250 pm, 250-500 pm, >500 um) The
light blue is representing the >63 um (63-125 pm, 125-250 pm, 250-500 pm, >500 um fraction). Plotted against each other.

C. laevigata, E. exilis and B. aculeata (Fig. 17, 18
and 19) are all less abundant when the 63-125 um
fraction is included.

C. bradyi (Fig. 20) is less abundant in all of
thefractions including 63-125 um except at 8.63 m. B.
spathula (Fig. 23) is less abundant at 5.08 m, 5.23 m,
8.63 m, 8.98 m, 9.33 m. (Much less abundant at 5.23
rest is pretty much alike)

B. mexicana (Fig. 24) is less abundant at 8.78 m,
8.98 mand 9.03 m.

5 Discussion
The literature study shows that different size fractions
are used when research is performed with benthic fora-
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minifera. The approach in the literature study that was
performed was to get a perception of the different
sieve sizes that are used. In general the aim of studies
with benthic foraminifera is affecting the size fraction
used. When paleoceanographic studies and in particu-
lar when benthic foraminifera are used in isotopic stu-
dies, the sieve size is less important, and therefore a
larger fraction is often chosen. But, when the faunal
assemblages are important in the study, it is obvious
that if the finer fraction is being ignored, the abun-
dance and faunal assemblage will not be presented in a
correct way.

When the diatom concentration is plotted against
the abundance in the 63-125 um fraction there is a
high correlation between high diatom concentration



and species Epistominella sp., N. iridea, E. exilis and
B. Pseudopunctata, (Fig. 3).

It is shown in the results that the abundance and
faunal assemblage is affected when a fraction of 63-
125 um is analyzed and plotted versus the larger fract-
ions. The species that are found in higher number are
all small sized, e.g Epistominella sp, C. crassa and N.
iridea. (Fig. 6,7, 11)

This is explained by two reasons. This region is
located at an upwelling zone where the primary pro-
duction, organic input to the sea floor and oxygen dep-
leted water are characterizing the environmental con-
ditions. The species that can take advantage of the
high organic input to the sea floor and tolerate the low
oxygen conditions will thrive. Epistominella sp. is a
good example of a family with small species that can
feed from the detritus and because of its small size is
very tolerate against low oxygen conditions. This fa-
mily is significantly unrepresented in the larger
fraction and show an opportunistic life cycle in the
deep sea. E. Exilis grows larger than Epistominella sp.
and is abundant in all fractions between 63-500 um. In
this case this might be because of the spiral-like shape
of E. Exilis and B. Pseudopunctata (Fig. 4) and why
they are abundant in the both the finer fractions and
the larger ones. The are simply thin and long and will
therefor slide through the finer sieve sizes. Another
explanation might be that their size will be directly
dependant on the amount of oxygen, and they will
grow large only if the oxygen level will allow them.

Highly abundance of E. exilis and Epistominella
sp. (Fig. 3) where high diatom abundance is appearing.
Both these species can take advantage of the organic
fluxes that are reaching the sea floor, and that is why
there are peaks of the species where there are high
concentrations of diatoms. C. crassa is feeding on
fresh input of organic matter from the surface water.
The species is not very abundant if compared to
Epistominella sp., and E. exilis. But, the abundance of
it is much higher if the 63-125 um is analyzed. When
studying the results from the relative percentage in
abundance between the >125 fractions the >63 fract-
ions it is easy notable that there are differences. The
family Epistominella sp. and the specie C. crassa are
both more abundant in all of the comparable sample
depth. N. iredea is more abundant in almost all. C.
laevigata and E. exilis are showing the opposite trend
which means that they are all less abundant at all of
the sample depth when the 63-125 um fraction is in-
cluded. This means that we have a result that is diffe-
rent in both ways, some species are more abundant and
some are less abundant. Because of the highly abun-
dance of Epistominella sp. And C. crassa in the size
fraction 63-125 pum the result in relative abundance
for some species, like E. exilis will be less abundant.
The small low oxygen tolerate species that are oppor-
tunistic will not be represented if the finer fractions are
not used. The abundance of the dominant species in
the fractions without the 63-125 um fraction is risking
not only to show less species abundance and lower
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foraminifera individual richness but also to give misle-
ading information when it comes to ecology and ocean
conditions like productivity, organic fluxes and oxy-
gen levels.

Even if oxygen level and high organic fluxes to the
sea floor most likely are the main factors controlling
the distribution and faunal assemblage at this region,
one should not disregard the importance of microhabi-
tats affecting the foraminifera. It has been showed that
the chemical conditions can differ a lot in sediment
within the same region, and the explanation of high
abundance of opportunistic species at sites can in some
cases be explained by microhabitats. However, any
interpretations or conclusions regarding the effect of
microhabitat influencing can not be made from or wit-
hin this study.

When the planning for this thesis was done, 20
samples were decided to be analyzed. Because of the
limited time of this project and the time consuming lab
work 15 samples were analyzed. To get a overall more
trustworthy result, all the samples from the core that
are analyzed for the larger fractions should also be
analyzed within the 63-125 pm fraction. By doing that
it would be possible not only to distinguish the large
scale trends like carbon fluxes and ecological features,
but also to see minor fluctuations and patterns and
secure them with a stronger scientific support.

6 Conclusion

When studying foraminifera from upwelling areas like
the ones in this study, the 63-125 pm fraction should
definitely be included in the analysis. Without looking
at the finer fraction, the faunal assemblages and total
number of foraminifera can and will change the total
number and relative abundance because species like
Epistominella sp, C. crassa and N. iridea that are
small sized will be washed out if >125 fraction is used.
But if the study is more orientated towards paleocea-
nography or isotope studies, it may not make a diffe-
rence if the 63-125 pum fraction is ignored in the study
because the ecological assemblage of species are not
as important in those cases.

Of course the aim of the study and the use of the
data should decide and assess which size fraction that
is best used in each case. If the study is focusing on the
faunal assemblages it needs to be accurate and present
all species. If the aim of work with foraminifera is
more comprehensive and large-scale studies the
courser fractions can give enough information. The
comparison between studies is also problematic when
different size fractions are used and also favors for a
lower sieve size so that studies easily can be compa-
red.

C. crassa and Epistominella sp. are more abundant
if the 63-125 um than in size fractions >125 um. High
diatom concentration correlates with species that favor
high organic input Epistominella sp. and E. exilis. C.
crassa is more abundant in the 63-125 um fraction
than in >125. These species will be underrepresented



and important indicator species of organic carbon
fluxes will not be included unless this fraction is ana-
lyzed.
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