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Research paper

Ontogenetic effects on stable carbon and oxygen isotopes in tests of live
(Rose Bengal stained) benthic foraminifera from the Pakistan continental margin

Stefanie Schumacher ***, Frans J. Jorissen *°, Andreas Mackensen ¢, Andrew J. Gooday ¢, Olivier Pays ©

* Laboratory of Recent and Fossil Bio-Indicators (BIAF), Angers University, 2 Bd Lavoisier, 49045 Angers Cedex 01, France

® Lab ry of Marine Bio-Indi (LEBIM), lle d'Yeu, Ker Chalon, France
© Alfred Wegener Institute for Polar and Marine Research, Am Alten Hafen 26, 27568 Bremerhaven, Germany
4 National Oceanography Centre, South E Way, thampton SO14 3ZH, United Kingdom

P .
© LEESA, Ecology and Conservation Biology group, Angers University, 2 Bd Lavoisier, 49045 Angers Cedex 01, France

ARTICLE INFO ABSTRACT

Artide history: We determined the stable oxygen and carbon isotopic composition of live (Rose Bengal stained) tests belonging
Received 11 December 2008 to different size classes of two benthic foraminiferal species from the Pakistan continental margin. Samples were
Received in revised form 10 June 2010 taken at two sites, with water depths of about 135 and 275 m, corresponding to the upper boundary and upper
Accepied 17 june 2010 part of the core region of the oxygen minimum zone (OMZ). For Uvigerina ex gr. Uvigerina semiomataand Bolivina
aff. Bolivina dilatata, 5'C and 60 values increased significantly with increasing test size. In the case of Uvigerina

gyew;e':;ic foraminifera exgr. U.semiornata, 5'*Cincreased linearly by about 0.105%. foreach 100-um increment intest size, whereas 6'%0
Oxygen and carbon stable isotopes increased by 0.02 to 0.06%. per 100 um increment. For Bolivina aff. B. dilatata the relationship between test size
Arabian Sea and stable isotopic composition is better described by logarithmic equations. A strong positive linear correlationis
Oxygen minimum zone observedbetween &'®0 and 6'C values ofboth taxa, with aconstant ratio of 5'*0 and 6'*C valuesclose to2:1. This
Ontogenetic effect suggests that the strong ontogenetic effect is mainly caused by kinetic isotope fractionation during CO2 uptake.
Test size Our data underline the necessity to base longer 50 and §'*Cisotope records derived from benthic foraminifera
on size windows of 100 um or less. This is already common practice in down-core isotopic studies of planktonic

foraminifera.
© 2010 Elsevier BV. All rights reserved.

1. Introduction carbon cycle (e.g., Grossmann, 1984; McCorkle et al., 1985; Zahn et al,
1986; Curry et al,, 1988; Mackensen, 2008). Therefore, the 5'*C signal is

Stable oxygen and carbon isotope records of calcareous tests of
benthic foraminifera are widely used as proxies for paleoceanographic
and paleoclimatic reconstruction (eg. McCorkle and Keigwin, 1990;
Mackensen et al, 1993, 2001; Fontanier et al, 2006; Schmiedl and
Mackensen, 2006). The Late Quaternary %0 signal of deep-sea benthic
foraminifera mainly reflects fluctuations in global ice volume, whereas
temperature plays a subsidiary role (e.g., Shackleton and Opdyke, 1973).
Therefore, benthic §'®0 signals are widely used for establishing the
stratigraphyof sediment cores and reconstructing past sealevel changes
(e.g.Shackleton and Opdyke, 1973; Imbrie et al., 1984, 1992; Martinson
et al, 1987; Waelbroeck et al., 2002). The 8"C signal of benthic
foraminifera gives information about the dissolved inorganic carbon
(DIC) of bottom and interstitial waters, and provides information on the

* Corresponding author. Present address: Alfred Wegener Institute for Polar and
Marine Research, Am Alten Hafen 26, 27568 Bremerhaven, Germany. Fax: +49 471
4831 1923.

E-mail addresses: stefanieschumacher@awide (S. Schumacher),
frans. jorisse n@univ-angers. fr (FJ. Jorissen), andreas.mackensen@awide
(A Mackensen), ang@noc.soton.ac.uk (AJ. Gooday), olivier.pays@univ-angers.fr
(0. Pays).

used for paleo-reconstructions of deep-water properties and organic
matter fluxes (e.g. Shackleton, 1977; Curry et al, 1988; Duplessy et al,
1988; Mackensen et al,, 2001; Bickert and Mackensen, 2004; Curry and
Oppo, 2005).

Several studies of the isotopic composition of deep-sea benthic
foraminifera have shown that there is an offset in the isotopic signal
between the foraminiferal test and the theoretical composition of calcite
formed in equilibium with the ambient sea water (review in Rohling
and Cooke, 1999). Such offsets are present in the "0 as well as in the
§'*C signal and may be caused by several poorly known factors, such as
the concentration of the various carbonate spedes (carbonate ion effect,
affecting both 5'®0 and §'*C), the episodic introduction of isotopically
light detritus (Mackensen effect, concerning 6'°C), or changing
metabolic rates during the foraminiferal life history (ontogenetic effect)
(Grossmann, 1987; Mackensen et al., 1993 ; Ravelo and Fairbanks, 1995;

Speroetal, 1991, 1997; Rohling and Cooke, 1999). Even less understood
are the constant offsets with respect to equilibrium clcite (“vital
effects”), which are found in most species. Possible explanations for
deviations due to biological processes (growth effect and vital effect)
include a contribution of metabolically derived CO, to test calcification
and/or kinetic fractionation around the calcification site (Grossmann,
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Data Description 1S | BsTex
Citation: Loizumi. |: Yamamoto. H (2010): Vertical distribution of diatoms in North Pacific sediments.

doi:10.1594/PANGAEA.776366,

Supplement to: Konzuml, Itaru Yamamoto, Hirofumi (2010): Paleoceanographic evolution of North Pacific
ater-off-dape : sast 150,000 years. Marine Micropaleontology, 74(3-4), 108-118,

dou 10 1016/1 marmicro. 2010 01 003

Abstract: Hydrographic vanability in the Mixed Water Region of the Northwest Pacific Ocean at latitudes 35°-40°N, between the Kuroshio
Extension and Oyashio Front, causes complex upwelling, leading to large primary productivity and thus great fishery resources. We

reconstructed the periodicity of the variability in North Pacific Intermediate Water upwelling and surface ocean hydrography based
on the high-resolution analysis of diatom assemblages in seven cores, representing the last 150,000 years. We derived annual sea
surface temperatures (SSTs) through a diatom-based proxy (Td'). The Td'-derived annual SSTs (°C) are controlled by orbital forcing,

and show a reversed saw-tooth in southern cores, in contrast to a normal saw-tooth pattern in the northern cores. Oceanic diatom
abundances along the northern margin of the Mixed Water Region are twice times as high as beneath the axis of the Kuroshio

Extension, and fluctuated in a revised saw-tooth pattern with higher overall abundances interglacials. After the last deglaciation,
annual SSTs declined markedly during Heinrich and Bond events in the northern North Atlantic, when ice-rafted detnitus transported

by icebergs was abundant. Wavelet analyses of the record of oceanic diatom abundances show significant variability at 2.0-kyr, 2 to RIS
5.6-kyr and 3.2 to 9.6-kyr periods. Wavelet analyses of the annual SST records show significant periodicity at 1.4 to 2.6-kyr, 3.3 to

4.0-kyr, 7.2 to 12.8-kyr cycles.
Project(s): Ocean Drilling Program (ODP) &

Coverage: Median Latitude: 38.477916 * Median Longitude: 146.055987 * South-bound Laftitude: 36.000000 * West-bound Longitude: 141.780000 * North-bound Latitude: 40.560000 * East-bound Longitude:
152.000000

Minimum Age: 0.000 ka BP * Maximum Age: 152.580 ka BP

Event(s): 186-1150A < * Latitude: 39.181910 * Longitude: 143.331910 * Date/Time Start: 1999-06-22T18:30:00 * Date/Time End: 1999-06-261722:15:00 * Elevation: -2680.8 m * Recovery: 566.40 m *
Penetration: 722.60 m * Location: North Pacific Ocean < * Campaign: Leg186 < * Basis: Joides Resolution & * Device: Dnlling @ * Comment: 76 cores; 722.6 m cored; O m drilled; 78.4 %

recovery

MDO01-2421 (MD012421) @ * Latitude: 36.023500 * Longitude: 141.780000 * Date/Time: 2001-06-16T04:33:00 * Elevation: -2286.0 m * Recovery: 45.84 m * Location: Japan Trench & * Campaign:
MD122 (IMAGES VII - WEPAMA) @ * Basis: Marion Dufresne @ * Device: Giant piston corer <

MR00-05-2PC < * Lafitude: 40.000000 * Longitude: 146.000000 * Elevation: -5177.0 m * Location: Northwest Pacific & * Device: Piston corer &
o7
License: Creative Commons Attribution 3.0 Unported

Size: 7/ datasets

Kartendaten | 1000 km ——1 | Nutzungsbedingungen

Download Data

Download ZIP file containing all datasets as tab-delimited text (use the following character encoding: | 1S0-8859-1: 1SO Western (PANGAEA default) : )

Datasets listed in this Collection

1. Koizumi, |; Yamamoto, H (2010): (Table A1) Diatom abundance in sediment core MD01-2421. doi:10.1594/PANGAEA.775547
2. Koizumi, |I; Yamamoto, H (2010): (Table A2) Diatom abundance in sediment core MR02-03-2. doi:10.1584/PANGAEA.776118
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Marine Micropaleontology

Volume 74, Issues 3-4, April 2010, Pages 108-118

Paleoceanographic evolution of North Pacific surface water off Japan
during the past 150,000 years
ltaru Koizumia. & . & Hirofumi Yamamoto®

Show more

DOI: 10.1016/j.marmicro.2010.01.003 ¢ Get rights and content

Abstract

Hydrographic variability in the Mixed Water Region of the Northwest Pacific Ocean at latitudes 35°-40°N,
between the Kuroshio Extension and Oyashio Front, causes complex upwelling, leading to large primary
productivity and thus great fishery resources. We reconstructed the periodicity of the variability in North
Pacific Intermediate Water upwelling and surface ocean hydrography based on the high-resolution
analysis of diatom assemblages in seven cores, representing the last 150,000 years. We derived annual
sea surface temperatures (SSTs) through a diatom-based proxy ( 7d"). The Td-derived annual SSTs (°C)
are controlled by orbital forcing, and show a reversed saw-tooth in southern cores, in contrast to a normal
saw-tooth pattern in the northern cores. Oceanic diatom abundances along the northern margin of the
Mixed Water Region are twice times as high as beneath the axis of the Kuroshio Extension, and fluctuated
In a revised saw-tooth pattern with higher overall abundances interglacials. After the last deglaciation,
annual SSTs declined markedly during Heinrich and Bond events in the northern North Atlantic, when
ice-rafted detritus transported by icebergs was abundant. Wavelet analyses of the record of oceanic
diatom abundances show significant variability at 2.0-kyr, 2 to 5.6-kyr and 3.2 to 9.6-kyr periods. Wavelet
analyses of the annual SST records show significant periodicity at 1.4 to 2.6-kyr, 3.3 to 4.0-kyr, 7.2 to

Acknowledgements:
For supplementary data see: doi:10.1594/PANGAEA.776366
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PANGAEA®

Data Publisher for Earth & Environmental Science

Always quote citation when using data!

'Show Map | Google Earth |

: Data Description

Citation: Koizumi, |; Yamamoto, H (2010): (Table A1) Diatom abundance in
sediment core MD01-2421. doi:10.1594/PANGAEA.775547,
In Supplement to: Koizumi, ltaru; Yamamoto, Hirofumi (2010):
Paleoceanographic evolution of North Pacific surface water off
Japan during the past 150,000 years. Marine Micropaleontology,

74(3-4), 108-118, doi:10.1016/j.marmicro.2010.01.003

Coverage: Latitude: 36.023500 * Longitude: 141.780000
Minimum Age: 0.240 ka BP * Maximum Age: 143.780 ka BP
Minimum DEPTH, sediment/rock: 0.0 m * Maximum DEPTH, sediment/rock:
45.2 m
Event(s): MDO01-2421 (MD012421) < * Lafitude: 36.023500 * Longitude: 141.780000 *
Date/Time: 2001-06-16T04:33:00 * Elevation: -2286.0 m * Recovery: 45.84 m *
Location: Japan Trench < * Campaign: MD122 (IMAGES VII - WEPAMA) < *
Basis: Marion Dufresne < * Device: Giant piston corer (GPC) <
B P ( ) b GOOSIQ Map Data | 1000 km L——————1 | Terms of Use
Comment: Total count of 200 specimens per sample.
Parameter(s): # Name Short Name Unit Principal Investigator Method Comment
1 DEPTH, sediment/rock A Depth m Geocode
2 AGE 4 Age ka BP Geocode
3 Diatoms, total abundance per unit sediment mass 4« TDA/sed 10° #/g Koizumi. Itaru < Countina. diatoms
4 Diatoms, oceanic < Data
5 Actinocyclus ellipticus 4
6 Actinocyclus elongatus & Download dataset as tab-delimited text (use the following character encoding: UTF-8: Unicode (PANGAEA default) w2 )
7|Alveus marinus X 1 3 2 1 3 [ 4 ] 5 [ 6 [ 7 g [ 9 [ 10 L 11 & 12 [

? Aetarnlamnra mandandica ¢ Depth [m] Age [ka BP] TDA/sed [10° #/g] Diatom oceanic [10° #/g] A. ellipticus [#] A. elongatus [#] A. marinus [#] A. marylandica [#] A. arachne [#] A. flabellatus [#] A. sarcophagus [#] A. africa

0.01 0.24 31.6 23.9 0 0 1 0 0 0 0
0.06 0.29 31.5 22.0 0 0 1 0 0 1 0
0.16 0.38 23.6 15.7 0 0 2 0 0 0 0
0.35 0.58 31.5 22.8 0 0 2 0 0 0 0
0.55 0.77 23.6 14.6 0 0 2 0 0 1 0
0.75 0.96 31.5 21.3 0 0 1 0 0 0 0
0.94 1.16 27.7 20.7 0 0 0 0 0 1 0
1.14 1.35 28.3 18.8 0 0 0 0 0 0 0
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Ontogenetic effects on stable carbon and oxygen isotopes in tests of live
(Rose Bengal stained) benthic foraminifera from the Pakistan continental margin

Stefanie Schumacher ***, Frans J. Jorissen *°, Andreas Mackensen <, Andrew ]. Gooday ¢, Olivier Pays ®

* Laboratory of Recent and Fossil Bio-ndicators ( BIAF), Angers University, 2 Bd Lavoisier, 49045 Angers Cedex 01, France
® laboratory of Marine Bio-Indicators (LEBIM), lle d'Yeu, Ker Chalon, France

€ Alfred Wegener Institute for Polar and Marine Research, Am Alten Hafen 26, 27568 Bremerhaven, Germany

9 National Oceanography Centre, Southampton, European Way, Southampton SO14 3ZH, United Kinglom

© LEESA, Ecology and Conservation Biology group, Angers University, 2 Bd Lavoisier, 49045 Angers Cedex 01, France

ARTICLE INFO ABSTRACT
/‘J’D'df-’ history: We determined the stable oxygen and carbon isotopic composition of live (Rose Bengal stained ) tests belonging
Received 11 December 2008 to different size classes of two benthic foraminiferal species from the Pakistan continental margin. Samples were

Received in revised form 10 june 2010

Accepted 17 June 2010 taken at two sites, with water depths of about 135 and 275 m, corresponding to the upper boundary and upper

partofthe core region of the oxygen minimum zone (OMZ). For Uvigerinaex gr. Uvigerina semiomataand Bolivina
aff. Bolivina dilatata, 6™ C and 60 values increased significantly with increasing test size. In the case of Uvigerina
ex gr. U. semiomata, 6'*Cincreased linearly by about 0.105% for each 100-um increment in testsize, whereas 6'%0
increased by 0.02 to 0.06%. per 100 um increment. For Bolivina aff. B. dilatata the relationship between test size

Keywords:
Live benthic foraminifera
Oxygen and carbon stable isotopes

Arabian Sea and stable isotopic composition is better described by logarithmicequations. Astrong positive linear correlationis

Oxygen minimum zone observed between &'*0and 6'*Cvaluesof both taxa, with aconstant ratio of 5'*0and 6 *Cvaluescloseto 2:1. This

Ontogenetic effect suggests that the strong ontogenetic effect is mainly caused by kinetic isotope fracionation during CO, uptake.

Test size Our data underline the necessity to base longer 60 and 6'C isotope records derived from benthic foraminifera
on size windows of 100 um or less. This is already common practice in down-core isotopic studies of planktonic
foraminifera.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Stable oxygen and carbon isotope records of calcareous tests of
benthic foraminifera are widely used as proxies for paleoceanographic
and paleoclimatic reconstruction (e.g. McCorkle and Keigwin, 1990;
Mackensen et al, 1993, 2001; Fontanier et al, 2006; Schmiedl and
Mackensen, 2006). The Late Quaternary &' %0 signal of deep-sea benthic
foraminifera mainly reflects fluctuations in global ice volume, whereas
temperature playsa subsidiaryrole (e.g., Shackleton and Opdyke, 1973).
Therefore, benthic 5'®0 signals are widely used for establishing the
stratigraphy of sediment cores and reconstructing past sea level changes
(e.g. Shackleton and Opdyke, 1973; Imbrieet al., 1984, 1992; Martinson
et al, 1987; Waelbroeck et al, 2002). The 5"C signal of benthic
foraminifera gives information about the dissolved inorganic carbon
(DIC) of bottom and interstitial waters, and provides information on the

* Comesponding author. Present address: Alfred Wegener Institute for Polar and
Marine Research, Am Alten Hafen 26, 27568 Bremerhaven, Germany. Fax: +49 471
48311923,

E-mail addresses: stefanieschumacher@awide (S. Schumacher),
frans jorissen@univ-angers.fr (EJ. Jorissen), andreasmackensen@awi.de
(A. Mackensen), ang@nocsoton.ac.uk (AJ. Gooday), olivier.pays@univ-angers.fr
(0. Pays).

0377-8398/% - see front matter © 2010 Elsevier B.V. All rights reserved.
doi:10.1016/j.marmicro.2010.06.002

carbon cycle (e.g., Grossmann, 1984; McCorkle et al, 1985; Zahn et al,,
1986; Curry et al., 1988; Mackensen, 2008). Therefore, the 5'*Csignal is
used for paleo-reconstructions of deep-water properties and organic
matter fluxes (e.g Shackleton, 1977; Curry et al, 1988; Duplessy et al.,
1988; Mackensen et al,, 2001; Bickert and Mackensen, 2004; Curry and
Oppo, 2005).

Several studies of the isotopic composition of deep-sea benthic
foraminifera have shown that there is an offset in the isotopic signal
between the foraminiferal testand the theoretical composition of calcite
formed in equilibrium with the ambient sea water (review in Rohling
and Cooke, 1999). Such offsets are present in the 5'%0 as well as in the
8'*C signal and may be caused by several poorly known factors, such as
the concentration of the various carbonate species (carbonate ion effect,
affecting both 5'%0 and §'*C), the episodic introd uction of isotopically
light detritus (Mackensen effect, concerning §'*C), or changing
metabolic rates during the foraminiferal life history (ontogenetic effect)
(Grossmann, 1987; Mackensenetal., 1993; Ravelo and Fairbanks, 1995;
Speroetal, 1991, 1997; Rohling and Cooke, 1999). Even less understood
are the constant offsets with respect to equilibrium calcite (“vital
effects”), which are found in most species. Possible explanations for
deviations due to biological processes (growth effect and vital effect)
include a contribution of metabolically derived CO, to test calcification
and/or kinetic fractionation around the calcification site (Grossmann,
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