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We will talk 
about . . . 

Foraminifers:

• What? Where? How?

What kind of ocean-climate information can be 
extracted from fossil foraminifera remains? 

Where do we find foraminifera proxies and how 
do we get to them? 

Available analytical methods? 



Ocean division of marine life

Floating/suspended

Style of life

Active swimmers

The seafloor 
community 

PLANKTON

NEKTON

BENTHOS



Plankton

Mega- 20-200 cm  
Macro- 2-20 cm 
Meso- 0.2-20 mm 
Micro- 20-200 μm 

Micro- 20-200 μm                          
Nanno- 2-20 μm 
Pico- 0.2-2 μm 
Femto-0.02-0.2 μm

Plankton has a crucial place at the base of aquatic food chains. 

The types of plankton highly sensitive to environmental 
conditions. 

Plankton size classes 

Phytoplankton

Zooplankton



Foraminifera

Single-celled heterotrophic protists
part of the eukaryotic domain. 

Tests are composed of secreted 
calcium carbonate (CaCO3). 

They eat unicellular algae, especially 
diatoms, other protozoans and small 
metazoans (crustaceans such as 
copepods).



Living foraminifers

• Uni-cellular organism
• The cytoplasm contains 

typical eukaryotic cellular 
organelles: RIBOSOMES, 
FOOD VACUOLES, 
MITOCHONDRIA…
• Outside the cytoplasm in 

stretched into strands-
RHIZOPODIA-are used to 
collect food particles and 
transport them to the 
APERTURE

Haynes, 1981

Cytoplasm



Basic soft part morphology

Haynes, 1981 Komosinski et al., 2016



Aperture

Foraminifera test

Keel

Lip

Coiling: sinistral

Chambers

Sutures

umbilical view
dorsal viewperipheral view



Reproduction

Kucera, 2007; Kimoto, 2015

Sexual reproduction

1. The cytoplasm is divided into 
hundreds of thousands of 
biflagellate isogametes;

2. To maximize the chances of the 
gametes from different 
individuals to find each other, the 
reproduction is synchronized in 
space and time;

3. Most shallow water species 
appear to reproduce in pace with 
the lunar cycle or half cycle;

4. Following gamete fusion, shell 
growth is facilitated by the 
sequential addition of chambers, 
gradually increasing the 
dimensions of the shell.



Molphology-based 
classification

• Trochospiral
• Planispiral
• Streptospiral
• Biserial
• Globular
• Triserial
• Multiserial

TYPE OF CHAMBER ARRANGMENT

Loeblic and Tappan, 1964



Chambers

Biserial
Globular

Trochospiral

Planispiral
Triserial Multispiral



Molphology-based 
classification

• Umbelical
• Extraumbelical
• Equatorial
• Spiroumbelical
• Dorsal apertures
• Intralaminal
• Relict apertures
• With phialine lip
• With umbelical teeth
• With umbelical bulla

Loeblic and Tappan, 1964

APERTURE



Apertures

Dorsal apertures Equatorial Extraumbelical

UmbelicalWith phialine lip With umbelical bullaWith umbelical teeth



Foraminifers as 
proxies

• 5 main components of the 
climate system and they all 
interact with each other on 
different time scales;
• OCEANS: largest reservoir of 

heat derived from solar 
insolation
• Surface ocean in direct 

contact with the Sun’s energy 
is of particular importance for 
understanding the climate 
system.

OCEANS = mayority
of the Hydrosphere

71% of the globe



Planktonic foraminifers as proxies

Sigman & Hain, 2012 

UPPER OCEAN 

High preservation in the deep-sea 
sedimentary record. 

Carbonate sediments rich in the
calcitic shells of foraminifera are 
abundant in both space and time, 
which allows their use in different
time scales. 

The mineralized shells of foraminifera preserve a record of the ocean’s chemical and physical properties that can 
be utilized for evolutionary, paleobiological, and geochemical analyses of global environmental change. 

https://www.whoi.edu/science/AOPE/dept/CBLASTmain.html

CARBON CYCLE

https://www.whoi.edu/science/AOPE/dept/CBLASTmain.html


Application of planktonic forams as proxies

Geochemical-based

1. Paleotemperature

2. Paleoproductivity

4. Physical properties

5. Biostratigraphy 

1. Oxygen isotopic composition (δ18O) 

2. Nutrient availability: Carbon isotopic 

composition (δ 13C) 
3. Continental weathering and oceanic 

circulation: Nd isotopic composition (εNd )

4. Paleotemperature: Mg/Ca ratio

5. Meltwater: Ba/Ca ratio

6. Paleoproductivity: Cd/Ca

7. pH: boron isotopic composition (δ11B)

Assemblage-based



Census data (assemblages)

Determination foraminiferal assemblage:

• Counting of 300-500 specimen in 

random sub samples of >0.150 mm 

fraction

• It relies on correct identification of the 

counted taxonomical units



Temperature estimates
Five main assemblages of Planktonic foraminifera



Temperature
reconstruction

1. Proportion between warm- and cold- water 
species could be used to track thermal history of 
the ocean’s surface on geological time scales.

2. Transfer fuctions: absolute value estimate

proportion of 
the species i

optimal
temperatura 
for species i

Kucera, 2007



Productivity in the Surface ocean
The production of organic matter by phytoplankton: photoautotrophs - harvesting light to convert inorganic to
organic carbon, and they supply this organic carbon to diverse heterotrophs, organisms that obtain their energy
solely from the respiration of organic matter (oxidation of organic carbon back to carbon dioxide).

Sigman and Hain, 2012

GPP-gross primary production
NPP-net primary production
NEP-net ecosystem production 

Conan et al., 2002

phosphate
nitrate

G. bulloides/G. ruber ratio



Biostratigraphy

Jones, 2014

Foraminifera speciesRock units/
Time slices BIOZONES

Gradstain, 2012



How do we know the age of 
a foraminiferal event?

• Previously established age on other sections:
1. Chemiostratigraphy: isotope geochemistry

of marine carbonates (Foraminifers);
2. Cyclostratigraphy: search other cyclical

patterns (Gamma ray, Sonic Log, 
Resistivity)

3. Event Stratigraphy: anoxic events, ice 
ages, large vulcanic events (tefra leyers) 
are additional tie points;

4. Radioisotopic dating: U-Pb, 40Ar/39Ar;
5. Magnetostratigraphy: sequence of 

geomagnetic field polarity;

Ochoa et al., 2018



Reasons of uncertanty in Biostratigraphy

Gradstain, 2012



Phisical properties

Kucera, 2007

All organisms are affected during growth by the state of their physical
environment.



Phisical properties

Kucera, 2007

All organisms are affected during growth by the state of their physical
environment.

Kennett (1976) and Hecht (1976) 



Phisical properties

Kucera, 2007

All organisms are affected during growth by the state of their physical
environment.

Darling et al., 2006



Phisical properties

Kucera, 2007

All organisms are affected during growth by the state of their physical
environment.



Phisical properties

Kucera, 2007

All organisms are affected during growth by the state of their physical
environment.

Important in order to estimate the 
Calcite dissolution, when using 
geochemical proxies from shells.





Mg/Ca ratio - Paleotemperature

https://foramsetal.wordpress.com/research/mgca-paleothermometry/

https://foramsetal.wordpress.com/research/mgca-paleothermometry/


Mg/Ca ratio - Paleotemperature

• Fundamental to robust SST 
reconstruction is accurate 
knowledge of the relationship 
between foraminiferal Mg/Ca and 
temperature.
• Use of regression equation to 

calculate foraminifera Mg/Ca ratio 
dependency on calcification 
temperature:

Gray and Evans, 2019

LABORATORY CULTURE

Cleroux et al., 2008

Mg/Ca = B exp (A x T) 





Ba/Ca ratio - Meltwater discharge

• The main source of Barium to 
the ocean are rivers, bedrock 
weathering in drainage 
basins. 
• Ba incorporation into 

foraminifera tests occurs in 
direct proportion to seawater 
concentration.
• A combination of Ba/Ca and 

d18O in the planktonic 
foraminifer N. pachyderma
sin. can be used as a proxy for 
continental meltwater 
discharge. Hall and Chan, 2004

MWP-IA





Cd/Ca ratio - Paleoproductivity
• Cd is a micronutrient. 

• Cd is partitioned into planktonic 
foraminiferal calcite in direct 
proportion to the Cd concentration of 
surface water
Ø then planktonic Cd/Ca offers great 

potential as an alternative tracer of 
surface water paleoproductivity.

Nonlinear relationship between dissolved cadmium
and phosphate in the modern global ocean.

Cullen et al., 2006



pH: boron isotopic composition (δ11B)

• Carbonates forming in marine 
environments incorporate trace 
amounts of boron into their structures
during growth through incorporation
of the charged borate B(OH)4

− .
• Theoretical model of carbonate δ11B 

assumes that measurement of the
isotopic composition of boron trapped
in ancient carbonate shells, give the
boron isotopic composition of only
borate, could conceivably be used to 
estimate the pH of ancient seawater.

δ11Bcarb = δ11Bborate
Mortyn and Martinez-Botí, 2007Pagani et al., 2004

BORIC ACID

BORATE

Dissolved boron in seawater



Since the pH of seawater is directly
related to atmospheric pCO2

δ11B measured in foraminiferal tests have 
been used to derive pH values and 
consequently pCO2

Mortyn and Martinez-Botí, 2007Pagani et al., 2004

pH: boron isotopic composition (δ11B)



Nd isotopic composition (εNd )

Tachikawa et al., 2017

• The variability of εNd can be used to infer past changes in both 
continental weathering processes and oceanic circulation.



ForCenS coretop
database











WHY?



WOA 1998
SST











?



BASIC IDEA OF QUANTITATIVE ENVIRONMENTAL RECONSTRUCTION

The modern relationships
between Y and X are
modelled statically and the
resulting function is the used
as a transfer function to
transform the fossil data Y0
into quantitative estimates of
the past environmental
variable X0.



-MAT / RAM
-WA
-ARTIFICIAL NEURAL NETWORKS





Messinian SST?



Messinian SST?



BASIC IDEA OF QUANTITATIVE ENVIRONMENTAL RECONSTRUCTION

The modern relationships
between Y and X are
modelled statically and the
resulting function is the used
as a transfer function to
transform the fossil data Y0
into quantitative estimates of
the past environmental
variable X0.



BASIC IDEA OF QUANTITATIVE ENVIRONMENTAL RECONSTRUCTION

The modern relationships
between Y and X are
modelled statically and the
resulting function is the used
as a transfer function to
transform the fossil data Y0
into quantitative estimates of
the past environmental
variable X0.

Extinct spp.?
~ 400-500 ky



Qualitative reconstruction based on 
assemblages: Tropical / Subtropical / 

Transitional / Subpolar / Polar



Just SST?



Monthly SST

66.86 % variability of PF assemblages



Monthly SST

66.86 % variability of PF assemblages

Monthly SST/[Chl]/TG

81.02 %
(14.16 %)



Thank you for the attention!


