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Neogloboquadrina pachyderma
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Anthropogenic warming is currently causing a pole-ward retreat of the global 
sea ice distribution (Stocker et al., 2013). Reduced summer sea ice allows for solar 
irradiation and wind mixing that promote ocean productivity and atmospheric 
CO2 drawdown at elevated temperatures. Here we show that the past natural 
deglaciation was accompanied by punctuated shi�s in the seasonal succession 
and species productivity of planktonic foraminifera now found in the modern 
polar, subpolar and temperate North Atlantic, respectively. We identify a 
similar succession in a single sediment core during the last glacial-interglacial 
transition using single shell oxygen isotopes of “polar” Neogloboquadrina 
pachyderma (le� coiling) and “subpolar” Globigerina bulloides. Glacial 
productivity is limited to a single maximum in late summer and dominated by 
N. pachyderma, followed by melting icebergs and winter sea ice. Deglaciation 
shi�ed the main plankton bloom towards early summer, adding a second 
“warm” population of N. pachyderma with G. bulloides in between. At the end 
of the last deglaciation �rst “cold” then “warm” N. pachyderma become extinct 
by exceeding threshold temperatures while G. bulloides persists at the core 
location. We conclude that polar shi�s in seasonal timing and productivity 
structure, resuming in response to the current Anthropogenic warming, are 
resolved by single shell �18O of planktonic foraminifera.

Deglaciation changes the North Atlantic seasonality.

W. Feldmeijer, G.-J. A. Brummer, M. A. Prins, J. van ‘t Ho� and 
G. M. Ganssen
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Chapter 5

Deglaciation by global warming has strongly a�ected North Atlantic 
ventilation and overturning circulation which, in turn, impacted productivity 
and CO2 exchange with the atmosphere. Decreasing sea ice cover enhances the 
nutrient supply to the photic zone that spurs primary productivity and thus the 
drawdown of atmospheric CO2. Modern, Interglacial times exhibit stronger 
seasonality by increased solar insolation and foremost by deep, wind-driven 
winter mixing bringing nutrients to the surface before summer strati�cation sets 
in [Gruber et al., 2002]. How ocean seasonality changed in time, however, has 
remained unresolved. With the North Atlantic being the largest ocean carbon sink 
in the northern hemisphere [Gruber et al., 2002] changes in seasonal productivity 
have a global e�ect on anthropogenic CO2 sequestration [Sabine et al., 2004].

	 Stable oxygen isotopes (�18O) of marine carbonates allow for tracing 
water masses, sea level �uctuations and changes in productivity through glacial-
interglacial cycles and are at the roots of international climate conventions (IPCC; 
Stocker et al. [2013]). �e �18O of foraminifera is mainly governed by that of the 
seawater and the temperature at which the carbonate shell is formed. Recent 
technical advances have facilitated routine isotope analysis of microgram amounts 
of calcium carbonate, i.e. single shells of foraminifera. Single Shell Analysis (SSA) 
allows for resolving seasonal conditions, whereas pooled specimens capture an 
averaged state of the system on longer time scales (e.g. Ganssen et al. [2011]). 
Insight into seasonal climate development during the last glacial-interglacial 
transition over the northern North Atlantic permits tracing the dynamical 
movement of the polar front (the boundary between Arctic and Atlantic water 
masses; Orvik and Niiler [2002]), estimated to have a retreat velocity of ~2 km/
yr [Bard et al., 1987], which is strongly linked to the formation of North Atlantic 
Deep Water [Sarnthein et al., 2003], a major driver of the global ocean circulation 
[Broecker, 1987]. 

In order to resolve seasonal changes in the northern North Atlantic 
during the past deglaciation, we analysed single shells of the planktonic 
foraminifera Neogloboquadrina pachyderma (le� coiling) and Globigerina 
bulloides in sediment core T88-3P from the Iceland Basin (56°N, 27°W) (Figs. 
5.1 and 5.2 and suppl. info). In glacial times, both species show a clear unimodal 
distribution in �18O (Figs. S5.1 and S5.2) until about 21 ka BP. Whilst G. bulloides 
remains unimodal throughout the entire record, �18O values in N. pachyderma 
spread as a striking bimodality develops (Fig. 5.3) into a population high in �18O 
persisting from the Glacial (P1) and a population low in �18O appearing during 
the deglaciation (P2). All species show the typical decrease in �18O during the 
glacial-interglacial transition, caused by the melting of land ice rich in 16O into 
a glacial ocean enriched in 18O. Subtraction of this ice volume e�ect [Bintanja et 
al., 2008] straightens out the long term isotope trend during deglaciation, but 
preserves the statistic bimodality in N. pachyderma with 0.9 – 0.4 � di�erence 
in �18O between population P1 and P2 that persists for about 10 ka (Fig. 5.3 
and S5.3). At the end of the last deglaciation by 11 ka BP, P1 disappears and N. 
pachyderma becomes unimodal again, now for P2, shortly before full extinction 
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Figure 5.1. Map of North Atlantic study area. Core T88-3P (red dot) and the sediment 
trap locations (orange dots) of (a) and (c) Wol�eich [1994] and (b) Jonkers et al. [2010, 
2013]. Modern maximum extent of sea ice cover (green line; March 2014, from http://
nsidc.org/news/newsroom/2014_maximum_MA.html) and maximum winter sea ice 
extent for the LGM (dashed green line; Kucera et al. [2005].

at the core site. Since bimodality is only seen in N. pachyderma but not in coeval 
G. bulloides abounding to the present day, bimodality does not result from 
sediment bioturbation mixing Holocene and Glacial shells. Rather, our �ndings 
down core equate with seasonal successions known from the modern North 
Atlantic in sediment traps deployed at three sites from polar 68°N [Wol�eich, 
1994] to subpolar 59°N [Jonkers et al., 2010, 2013] to temperate 48°N [Wol�eich, 
1994] (Fig. 5.1). 

	 Modern conditions closest to glacial ones at our core site are found in 
the Greenland-Norwegian Sea where winter productivity is limited by low light 
conditions and occasional sea ice cover [Kucera et al., 2005]. At 68°N late summer 


























