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Suplementary Notel: The influence of microhabit preferences on foraminiferal *C
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bottom water oxygenation and diminiseewith decreasing oxygen penetration depth into the
sediment$®, Since the Peruvian upwelling system is one of the most oxygen depleted regions in
today’s ocean this gradient is supposed to be rather low at our sampling location. This might explain

why there is no significant difference in the intercept between the downcore correlation of JANO

Iy R3Gdravand[NGsT Iy R3Goein the recent water masses caused by vital effeisvertheless,

Virgulinella fragilisfrom the anoxic Namibian diatomaceous mud belt show an extreme carbon
fractionation of-12.5: probably derived from a mixture of carbon sources by anaerobic methane
oxidation and enhanced incorporation of metabolic.@@rived from organic matter decompition

under oxygen depleted conditiohs For a comprehensive approach to reconstruct interrized

[NG;®  dza A Yy 3 BCGakwitisHodldbe considered to focus on epifaunal species or to do a local
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SupplementaryNote 2: Local fluctuations of [N&|sw

Local [@] fluctuations are directly influencing N@bss processes at the Peruvian ODZ. As discussed in
the main text, elevated [g) during the LGM probably contributed to an increase in globakNiOring

the LGM. Since sediment cdw¥7/2 52-2 is located in intermediate water depths well below the most
oxygen depleted center of the ODZ a change in water column denitrification probably did not directly
influence NGs]sw at this site. Benthic denification at depths below the Peruvia®DZis negligible

due to the lack of bacterial activity and low abundances of denitrifying foramififgoaobably related

to the reduced Gy supply compared to the shelf sediments. The decrease in water column
denitrification might locally lead to an increase Mds] but cannot explain a decreasetif®Gyicwhich
should be decoupled from denitrification. AlthoughJ@as probably increased during the L@Mhe
M77/2 52-2 site?®, a local decrease in denitrifiton cannot alone explain the tendencies observed in
our sediment record, which follo¥o a major part the global changes in the oceanic{Ni@ventory.

Not all [NQJswfluctuations in the record of core M77/2 82can be explained by changes in thebal
reactive N reservoirghough The most welmarked offset to the global model predictions appears
during H1, when [Ngew depletes distinctively for ~4 kyrs (fig. 1B). The most important sources of
nutrients in the Eastern Tropical Pacific arehHigitude intermediate and deep waters. In the modern
North Pacific deep waters are highly enriched inzN®ee fig. 2A). During H1 a breakdown in
stratification in the shallower North Pacific water masses has lodeserved®. This probably led to
mixing2 ¥y dzii NR& S y°@ enicBedIsuifacdaker into intermediate and deep waters. Both,
[NOs]ewR S LI S (i #32 ghrichngeRt, can be observed in the record of M77/25@n the contrary,

there is evidence that Southern Ocean water masses were tratespturther northwards during this

time interval than in the modern ocean, even towards the Né&t#rifié>. Thus, it remains speculative

if there was still a strong influence of North Pacific intermediate to deep water masses on the location
of M77/2 522 in the Eastern Tropical South Pacific during H1. Nevertheless, the main nutrient supply
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at this location remains the mixing between high latitude intermediate to deep waters. North Pacific
water masses in the recent ocean show both highers[Ndd loweNJ*@cthan the water masses in

the Southern Ocean. Thus, both processes, a higher influence of Southern Ocean water masses and a
depletion in nutrients in North Pacific intermediate waters by a breakdown in stratification, would lead

to a depletion ofnutrients in intermediate waters of the Eastern Tropical South Pacific.

Supplementary Note3: The influence of anthropogenic GOn + 13C

Penetration of athropogenic Ceinto the modernPacific is already deeper than 2006%4. Thet 1°C
values ofanthropogenic C&from the burning of fossil fuels, coal or natural gas are very low with a
range from about23.8: to -44.2: 4 At some stations in the modern Pacifie 1 1*Goicsignature is
relatively low and shows a distinctive offset from the corrielatbetweent 13C andNO;] which has
been found in the modern Pacific as well as downcore over the last deglaciation. The deglacial
correlation betweent *G-oramand reconstructed NOsJsw is not influenced by anthropogenic €0
Since both linear regressions, for the modern Pacific and the downcore data-iges2C and
Supplementary FiguréB), do not differ significantly from each other, the influence of anthropogenic
CQ onto the correlation in eq.1 seems to be only of mindftuence, yet. Offsets from the downcore
correlation (Eg. S1), e.g. the distribution of stations wighylow 1 3Gy might indeed be used to trace
anthropogenic Cg@n the modern Pacific.

Supplementangqg. 1: 113C =-0.115(x0.015) [NOs] + 4.520(+£0.634)

We calculated offsets from modern*Gyc and 1 Gy c predicted by the downcore correlation
Supplementaryeq.1 for the NO;] measured at the same station. The distribution of these offsets
(M B0 at 700 m water depth of the modern Pacific shown inSupplementary Figuré. The
distribution and quantity of negativpt 1*Cis directly reflection the distribution of anthropogenic £0
which has been found by previous modeling stutfi€’s This indicates thaupplementangg. 1 might
indeed ke used to trace anthropogenic G@nd shows that a correlation which was even stable on
glacial/interglacial timescales, although still consistent in most parts of the modern Pacific, already
begins to break down at several locations which are stronglyented by anthropogenic GO

Supplementary Note4: Offsets between measurements and modeling of the modefiCoic[NOs]-
coupling

The model reproduces the modern observations in the intermediate Pacific Geaaonably well
(R=0.638, see Supplementarffigure 7). However, he model predicted *Gyc[NOs] slope ¢0.066) is
slightlylower than observed-0.093) Supplementary Figure)2Thisunderestimated slope is due to
the too hight 13Gycvalues in the deep North Pacific, the most notable bias in the modern nuzdel
comparison $upplementary Figure 7). This is caused bynderestimated organic matter
remineralizationin the deep North Pacifithat would further decrease *Gyicin the deg ocean.This
slight systematic model bidiely applies to all time priods, which explainghy the model predicts
virtually no change to the*Gyc[NQs] slopebetween the modern and glacial ocegrarticularlyin
the [NGs] range A0uM where our cordocation exist{SupplementaryFigure 2b). This model result
supports that the different environmental condition of the glacial ocean did not significantly change
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the 1 3Gy c-[NQs] slope and thathe observedmodern ocean relationship is applicable hetglacial
ocean.

SupplementaryTable3 shows the modeNGOs sensitivity simulations when changing the amount of
iron deposition to the Southern Ocean (LGM_lowSOFe, LGM_high&GRké&)control simulates the
Southern Ocean *Nseq.0rg Changes the best, suggesting it simulates the most realistic changes of
enhanced remineralizefNGs] in the deep ocean and reduced preformpdOs] in AAIW that affect
our core location bottom waterThe low and high Southern Ocean Fe simulation perfworse than
the control simulation with respect to observatignisut are within a reasonable uncertainty level
consideringhe complexity oforocesses not directly tested here (sederencel5s for full discussion).
These sensitivity simulations altered bottom wafBiOs] at our core location by an additional +0.7
UM in addition to thechange to globalNG;], which can be considered as the uncertainty range of
changes to our bottom watefNGQ;s] related to Southern €ean iron fertilization that may not be
reflecting globa[NGO;] changes.



Supplementary Figures
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SupplementarnyFigure 1
Modekdata comparison of LGM minus piredustrial global observations ©#°Nseqwith LGM_control
and Prelndustrial model simulations.
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SupplementaryFigure 2
Modelt 3Gyc[NQs] relationship in the (A) modern ocean (192010 average including
anthropogenic effect of decreasing atmosphertéCQ) and the (B) glacial ocean thagplies model
boundary conditions (i.e. greenhouse gases, insolation, ice sheets, iron deposition) from 21,000 years
before present®.
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Supplementary Figure 3
Regional reconstruction of the difference between the mean{Né@tween theLGM (1% 23 kyrs
bp) andthe Late Holocene (@ kyrs bp)Relative [N@] changswere calculated after equation 1
using the offset of mean*C measured ofibicidoides spfpetweenthese two time intervals.
Downcorel *Chas been taken frorsupplementaryreferencesl6, 17 and 18. The station for which
NINGs] has been reconstructed from the pore densityBuailivina spisseé marked with an arrowl'he
Ocean Data View software has been used to compitgptbt®®.



Supplementary Figure: 4
A: Overview map of alitations in the GLODAPv2 datab®s€he Ocean Data View software has
been used to compile thplot!®.The red rectangular represents the boundaries of all stations
included into the dataset which has beereddor fig. 2C, fig. S2B anddalculate eq.1.B:

Correlation between [N€] and+ 13C in intermediate water depths (7€0D00m) of the recent Pacific
(red, N =4779) and downcore of sediment core M77/25black, N = 44). Both linear regressions
neither differ significantly in slope (P = 0.15) noinitercept (P = 0.13). It is the same plot as shown

in fig. 2C but not cut at &*C of-1: ®



