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Species from the diatom genus Proboscia are weakly silicified. They can adjust their

buoyancy and migrate to deeper levels below the euphotic zone to obtain nutrients that are not

available to other algae. In seasonal upwelling regions, this migration often enables them to

reach nutrient-rich water layers before mixing in the photic zone takes place, resulting in a

high contribution to the primary production by these diatoms. Therefore, remnants of

Proboscia species may serve as biomarkers for upwelling conditions. Diatom silica tests are

commonly used for palaeoenvironmental reconstruction but are prone to dissolution. Recently,

we have identified a unique suite of lipid biomarkers in Proboscia diatoms: saturated and

unsaturated C28 and C30 1,14-diols and C27 and C29 12-hydroxy methyl alkanoates (Sinninghe

Damsté et al., 2003). Eustigmatophyceae algae are the only other marine organisms known to

produce similar compounds, but they mainly produce 1,13- and 1,15-diols with C28 to C34

carbon chain lengths and long-chain mid-chain hydroxy methyl alkanoates with different

homologues than those found in Proboscia diatoms. Thus, long-chain 1,14-diols and 12-

hydroxy methyl alkanoates (Proboscia lipids) can be used as indicators for seasonal

upwelling. Indeed, sediment trap samples from the Arabian Sea showed high fluxes of

Proboscia lipids during the upwelling season (Rampen et al., in press).

In this study, we analyzed long-chain diols and mid-chain hydroxy methyl alkanoates

in time series of 2 sediment traps in an upwelling area in the north-western Indian Ocean off

Somalia. Our results show that high fluxes of Proboscia lipids coincided with high fluxes of

Proboscia frustules during the second half of June, just at the onset of the upwelling season.

Diatom frustules in the sediment traps show that other diatoms proliferated when the mixing

took place. C30 1,15-diol fluxes followed neither Proboscia frustule fluxes nor organic carbon

fluxes. We suggest that a ratio of Proboscia diols relative to C30 1,15 diols can be used as a

proxy for upwelling and applied this new proxy on a piston core covering 34 ky, taken below

the position of one of the sediment traps. Low diol ratio values were found during the last

glacial, and values increased in the period after the Younger Dryas (Fig. 1a) when rapid

warming took place. This is in agreement with the idea that, in this area, upwelling was

subdued during the glacial period. Organic carbon content and the barium/aluminium ratio,
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which are well known indicators for marine palaeo-productivity, show an increase after the

Younger Dryas, but, unlike the diol ratio, also show relatively high values during the glacial

period (Fig. 1b, from Ivanochko et al., 2005). Our new results indicate that this glacial

productivity is not caused by upwelling.

Sediment cores from other upwelling areas, like the northern part of the Arabian Sea,

the north-western Indian Ocean off Somalia, the South-East Atlantic region and the Santa

Barbara Basin, are currently analyzed for this new proxy.

Figure 1. Data from a piston core from the Somali Basin, north-western Indian Ocean off
Somalia. (a) Diol ratio [Proboscia diols / (Proboscia diols + C30 1,15 diols)] and biogenic

silica content (the latter from Koning, 2002). (b) Organic carbon content and
barium/aluminium ratio, both well known indicators for marine palaeo-productivity (both

from Ivanochko et al., 2005).
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Compound-class and compound-specific radiocarbon analyses of biomarkers have

revealed systematic differences in the radiocarbon age of the lipids preserved in marine

sediments. These differences in radiocarbon content, and the deduced radiocarbon age,

appear to reflect differences in their resistance to degradation during lateral and vertical

transport of the lipids to the sediments and within the upper cm to dm in the sediment

(Mollenhauer & Eglinton, 2007).

We analysed the radiocarbon concentration of crenarchaeol, a glycol dialkyl glycerol

tetraether (GDGTs) derived primarily from marine crenarchaeota. These organisms also

produce the GDGTs whose concentration ratios are used in the TEX86 proxy for sea surface

temperature (SST) (Schouten et al., 2002). Radiocarbon concentrations of crenarchaeol were

compared to existing data on radiocarbon concentrations of total organic carbon, planktic

foraminifera, and alkenones (Mollenhauer et al., 2005). The latter also serve for the

calculation of the widely applied UK’
37-index also used for reconstruction of SST.

Samples were chosen from two continental margin sites with contrasting age

relationships between foraminifera and alkenones. Off Southern Chile, alkenones were

consistently depleted in radiocarbon with respect to foraminifera, implying substantial lateral

supply of pre-aged organic matter to the core site. Radiocarbon concentrations of

crenarchaeol samples from this core were identical within analytical error to those of the

foraminifera. Off NW Africa, the age relationship of alkenones and foraminifera does not

imply significant supply of pre-aged material, and crenarchaeol radiocarbon concentrations

were similar to those of the other sediment constituents.

The results imply differences in the relative proportions of alkenones and crenarchaeol

supplied by in-situ production vs. lateral advection. They have important implications

regarding the resistance of the two types of compounds to degradation. Crenarchaeol being

systematically enriched in radiocarbon with respect to alkenones, and its similarity to the

radiocarbon concentrations of planktic foraminifera, implies that the preserved fraction of this

compound derives primarily from the upper water column, even though crenarchaeol is also

produced in deeper water. In this context, we will discuss export efficiency of crenarchaeol
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from different water depths, and the potential biases associated with the SST reconstruction

based on the two lipid-based indices TEX86 and UK’
37.
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Figure 1. Radiocarbon age (top panel) of co-occurring sediment constituents, and age
differences between lipid biomarkers and planktic foraminifera (bottom panel) in core
GeoB3313-1 (41.00°S, 74.75°W, 852 m). Radiocarbon data for foraminifera, TOC and

alkenones are from Mollenhauer et al. (2005).

REFERENCES
Ingalls, A., et al. (2006), Quantifying archaeal community autotrophy in the mesopleagic

ocean using natural radiocarbon, Proceedings of the National Academy of Science, 103,
6442-6447.

Mollenhauer, G., and T. I. Eglinton (2007, in press), Diagenetic and sedimentological controls
on the composition of organic matter preserved in California Borderland Basin sediments,
Limnology and Oceanography 52(2).

Mollenhauer, G., et al. (2005), An evaluation of 14C age relationships between co-occurring
foraminifera, alkenones, and total organic carbon in continental margin sediments,
Paleoceanography, 20, PA1016; doi:1010.1029/2004PA001103.

Schouten, S., et al. (2002), Distributional variations in marine crenarchaeotal membrane
lipids: a new tool for reconstructing ancient sea water temperatures? Earth and Planetary
Science Letters, 204, 265-274.



P413-TH

CRENARCHEOTAL ECOLOGY AND LIPID FLUXES IN LAKE SUPERIOR:
IMPLICATIONS FOR THE TEX86 TEMPERATURE PROXY

Martijn WOLTERING1, Josef P. WERNE1, Jason KISH2, Randall HICKS2,
Stefan SCHOUTEN3 and Jaap S. SINNINGHE DAMSTÉ3,4

1.Large Lakes Observatory and Department of Chemistry & Biochemistry, University of Minnesota Duluth, 10
University Dr., 109 RLB, Duluth, MN 55812, USA

2.Department of Biology, University of Minnesota Duluth, 1035 Kirby Drive, Duluth, MN 55812, USA
3. Royal Netherlands Institute for Sea Research (NIOZ), Department of Marine Biogeochemistry and

Toxicology, PO Box 59, 1790 AB, Den Burg, Texel, The Netherlands
4. Department of Earth Sciences, Utrecht University, Budapestlaan 4, 3584 CD Utrecht, The Netherlands

The TEX86 is a proxy for reconstructing past surface water temperatures by analyzing

the relative ratio of cyclopentane rings in the lipids of aquatic Crenarcheaota. The higher the

surface water temperature, the higher the relative ratio of cyclopentane rings in the membrane

lipids of the aquatic Crenarcheaota. Initially developed for marine systems, the TEX86 was

adapted for use in lacustrine systems (Powers et al., 2004). A study analyzing a suite of 50

globally distributed lakes for TEX86 determined that the proxy does not work in all lake

systems, and that the degree to which the proxy correlates to seasonal vs. annual mean surface

water temperatures seems to vary with latitude. (Powers et al. unpublished)

Besides the empirical relationship between TEX86 values and lake surface

temperatures (LST), little is known about the ecology of the organisms that produce these

lipids in the lacustrine environment. Crenarchaeotal abundance can be seasonal with highest

concentration in the winter months for the Dutch coastal North Sea (Wuchter et al., 2005),

which is supported to some extent by the lake calibration, which shows a high correlation to

both mean annual lake surface temperature and to mean winter lake surface temperature. In

addition, in the marine environment these organisms are aerobic ammonium oxidizers

(Wuchter et al., 2006). To accurately use the TEX86 in lacustrine systems, it is important to

comprehend where in the water column, and at which time of year the lipids are being

produced that are incorporated into the sediment record. This knowledge will give a better

understanding about what temperature the TEX86 actually reflects.

To resolve these questions we initiated a study in Lake Superior combining sediment

trap collection of settling particulate materials over the annual cycle and filtration of

suspended particulate matter from lake water to create vertical profiles of crenarchaeotal and

lipid abundance. Lipid and molecular biological analyses were applied to both suites of

samples to correlate the lipids present with the archaea producing them. Initial results show

that the Crenarchaeota live throughout the water column of the lake when it is not stratified,
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but seem to migrate below the thermocline during stratification. In addition, identification of

the archaeal ammonium monooxygenase gene suggests that they are likely oxidizing

ammonium aerobically in this system, confirming a role in Lake Superior nitrogen cycling

that was previously unknown. Furthermore, the sediment trap data show the seasonality of the

flux of TEX86 lipids, allowing us to calculate a flux weighted temperature for comparison to

sediment core top data and onsite water-column temperature records from various depths. The

information from this study should be applied when interpreting TEX86 temperatures from

sediment cores.

Figure 1. A: Crenarchaeotal and branched GDGT flux data from the Lake Superior sediment
trap at 65m depth showing, seven months of data. B: vertical profile of water column in Lake

Superior on September 2005. + = AMO gene detected – = AMO gene not detected
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One of the most important tools for the reconstruction of past climatic changes is the

analysis of geological records that result from sediment deposition in lakes and oceans. These

sediments contain fossils derived from the climate dependant lifeforms that thrived in the

water system at the time of the deposition. In the frame of a multiproxy study, we aim to

develop novel proxies for lake surface temperatures. The TetraEther indeX of lipids with 86

carbon atoms, or TEX86, is one of the relatively new palaeotemperature proxies developed and

successfully applied in the marine environments (Schouten et al. 2002) and also shows

potential for application in lakes (Powers et al. 2004). This proxy is based on the distribution

of pelagic crenarchaeotal membrane lipids found as chemical fossils in sediments. In the

current study we tested this proxy in a large series of European lakes in order to further

extend its use into lacustrine environments.

For the assessment of glycerol dialkyl glycerol tetraether (GDGT) distributions in

sediments, the top 5 cm sediment from a series of 43 lakes, situated along a transect from

south Italy to the northern part of Scandinavia was collected and analysed. After analysis of

the polar fraction of the organic matter extracted from the sediment with HPLC-MS the

relative distribution of GDGTs was determined. Our results show that both archaea-derived

isoprenoid and bacteria-derived branched GDGTs were present in all lake sediments and both

relative distribution and concentration varied between the different lakes (Fig.1). Branched

GDGTs, produced by an unknown group of anaerobic soil bacteria, dominate especially in the

northern lakes. Crenarchaeotal GDGTs (including crenarchaeol VI) were found in varying

concentrations, being more dominant in the lakes from the Alps and in some of the lakes from

the more southern part of the transect. In some lakes, usually of a smaller size, a relatively

high amount of GDGT-0 (I) compared with a very low amount of crenarchaeol is observed.

As methanogenic Euryarchaeota are known to biosynthesise this compound, they may be

responsible for the presence of GDGT-0 in these lakes rather than crenarchaeota.

The large input of soil-derived branched GDGTs (Fig.1) indicates a related input of

terrestrial isoprenoid GDGTs in most lakes (cf. Weijers et al. 2006). This input affects the

distribution of in-situ produced crenarchaeotal GDGTs and prevents application of the TEX86
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proxy. Furthermore, it was observed that in the lakes where in-situ production of

crenarchaeota is sufficient, the crenarchaeol regio-isomer, which plays an important role in

determining TEX86 values (Schouten et al. 2002), has an anomalously low concentration. This

biases the TEX86 and thus leads to an altered reconstructed lake surface temperature. We are

currently working on improving the temperature calibration for lake-GDGT distributions.
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Figure 1. Molecular structures of the glycerol dialkyl glycerol tetraethers (GDGTs) and their
relative distribution in different lakes.
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