














Appendix

Figure A.2: n-Alkane patterns of surface samples and the top sample of sediment core
PG1790 from Lake Donggi Cona and their respective depths and location
in the lake. X-axes of histograms indicate carbon number of n-alkanes, y-
axes show concentrations in pg/g d.w. Arrows in the map indicate inflows
and outflows. The single perennial inflow enters the lake from the northwest.
Distances between isobaths are 10 meters.

of long-chain n-alkanes nC,y and nCs, can be seen in all samples, except sample 84, which is
situated in a depth of 0.6m close to the outflow and dominated by mid-chain n-alkanes nC,4
and nC,;. The concentrations of n-alkanes range from 0.12 - 5.55 pg/g TOC (median: 1.37
ng/g d.w.). The n-alkane pattern probably reflects the vegetation around the lake which is
dominated by alpine meadows. It is rather surprising that no higher concentrations of mid-
chain m-alkanes were found, at least in samples from the shallower parts of the lakes, since
aquatic macrophytes can be found in depths up to 30 meters (observations at field-trip in the
year 2006). The submerged macrophyte vegetation consists mainly of Chara sp., and in the
more shallow parts additionally of Potamogeton pectinatus. Samples of Chara sp. analysed for
n-alkane concentrations contain very little concentrations of n-alkanes (manuscript I) and it is
known that terrestrial plants and also emergent macrophytes produce 5 to 10 fold higher amounts
of lipids than submerged macrophytes (manuscript I). Considering the very low concentrations
of all n-alkanes in the lake, concentrations of terrestrial lipids might therefore easily exceed the
concentrations of aquatic lipids. It has to be clarified by means of other proxies (e.g. organic
petrology, pollen data or evaluation of other biomarker fractions of the sediment extract) whether
the long-chain n-alkanes actually derived from terrestrial vegetation or from other sources such

as Botryococcus braunii A race (Metzger and Largeau, 2005). The results indicate that lakes
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as large as Donggi Cona can show similar n-alkane patterns throughout their sediment surface.
This gives evidence that core PG1790 is representative for the whole lake with respect to the

distribution pattern of n-alkanes and possibly of other biomarker groups.

Bulk proxies and n-alkanes in sediment core PG1790

Determined bulk parameter and n-alkane concentrations of samples from Lake Donggi Cona
were presented in Fig. A.3. TOC and TN contents and n-alkane concentrations were low before
ca. 13 cal ka BP, afterwards they gradually increased. Maximum TOC contents of ca 2% were
reached at ca 10 cal ka BP and 8.2 cal ka BP. After the second maximum, the values dropped
and especially after 6 cal ka BP gradually decreased to values below 1%. Total nitrogen contents
show a more or less steady increase from values below the detection limit up to ca 0.2% at core
top, only interrupted by a shift to slightly lower contents between ca. 4.5 and 2.0 cal ka BP.
The concentration curve of the n-alkanes follows a similar trend. The n-alkane pattern is mostly
dominated by long-chain homologues throughout the core. Only in two samples from the late
glacial (ca 13 to 12 cal ka BP) mid-chain n-alkanes show higher abundances than long-chain
homologues (Pqq > 0.5). The steady increase of long-chain n-alkanes while mid-chain n-alkanes
dropped to lower concentrations after 10 cal ka BP, consequently leaded to a constant decrease
of Paq since the early Holocene until ca 4.5 cal ka BP. The concentration curves of TOC and
mid-chain n-alkanes with high values during the late glacial and early Holocene, possibly reflect
the climate optimum during the early Holocene monsoon maximum. However, a TOC maximum
during the 8.2 ka event is surprising. Evidence for this event comes from 6'3Croc, which showed
a drop of ca. 3% at ca. 8.5 cal ka BP. Generally, §*3Croc varied within a relatively small
range (-26 to -22%0) throughout the whole core and especially from ca 8 cal ka BP on, the values

remained more or less stable at ca. -25%o.

It is not clear from the composition of the aliphatic fraction what the main factors influencing
the TOC content from the late glacial to the present are. Significant amounts of short-chain
n-alkanes, isoprenoid or hopanoid compounds, which could provide information about algal or
microbial contributors to the organic matter, were not discovered. However, relatively high
amounts of unsaturated nC,5 and nC,; compounds (discussed below) were found in almost all
samples in the core. The TOC content in Lake Donggi Cona might be controlled by biomass
derived from aquatic macrophytes and other unknown contributors. Possibly, allochthonous lipids
from the terrestrial realm are washed into the lake and therefore only enhance the lipid pool but
not the bulk organic matter pool. However, as mentioned above, it has to be clarified, whether
the increasing concentration of long-chain m-alkanes towards the top of the core represents a
terrestrial signal. The low TOC/TN ratios in the upper part of the core would indicate the
predominance of algae (Meyers, 2003), but TOC/TN ratios of the alga Botryococcos braunii,
which are a possible source of long-chain n-alkanes have been reported to show relatively high
TOC/TN ratios (Huang et al., 1999). Emergent macrophytes are also likely contributors to the
sediments. Those have been shown to contain high concentrations of lipids while their TOC/TN

ratio is relatively low (manuscript I). Nevertheless, due to the very low concentrations and the
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more or less constant decrease of TN, the TOC/TN ratio reflects the TOC curve throughout the

core and therefore should not been overvalued.
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Figure A.3: Depth plot of bulk parameter, n-alkane and n-alkene concentrations and -
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ratios in sediment core PG1790 from Lake Donggi Cona. Note the different
scales of concentrations of mid- and long-chain n-alkanes. Ages result from
1C-AMS dating of TOC (except *: NaOH-soluble fraction). The ages were
corrected for a potential reservoir effect of 1983 years (deduced from 4C AMS
dating of the uppermost sample of a short core). Shaded areas indicate timing
of the Younger Dryas period and of the 8.2 ka event.
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Figure A.4: (a) GC-FID chromatogram of a surface sample from location PG1790 showing
the dominating n-alkanes and the highly abundant unsaturated compounds
in the mid-chain range (C,; and C,; n-alkenes). (b) Ratios of unsaturated
(nCag.) to saturated (nC,;) compound vs. sample depths

Unsaturated mid-chain compounds in lake Donggi Cona

All surface sediment and almost all sediment core samples show high abundances of unsaturated
compounds, especially nC,; and nC,; n-alkenes (Fig. A.4a). The source of these compounds
is unclear. In all known cases, higher abundances of unsaturated compounds in lakes were at-
tributed to reeds and peats (Giger and Schaffner, 1977; Cardoso et al., 1983; Cranwell et al., 1987;
Duan and Ma, 2001), sources which can be excluded for Lake Donggi Cona. Recently, Scherf
and Rullkétter (2009) found odd-numbered unsaturated mid-chain compounds in microbial mats.
Some algal species are also known to synthesize n-alkenes in the range C,, to C,; (Gelpi et al.,
1970), which could be a possible source for these compounds in Donggi Cona sediments. Sub-
merged macrophyte sources must also be taken into consideration. Potamogeton turned out to
be a potential source of long-chain n-alkenes; however, the latter have never been detected in
one of the corresponding sediments (manuscript I). It cannot be excluded that Chara sp., which
are dominant in Donggi Cona, also synthesize unsaturated compounds under some circumstances
but the Chara samples analysed from 0.8 and 2.8m water depths (manuscript I) did not show
significant n-alkene concentrations. The ratio between the unsaturated and corresponding satu-
rated compound (as shown for nC,,.; / (nCsy + nCay.) in Fig. A.4b) is higher in surface samples
derived from deeper parts of the lake. This does not necessarily imply that this ratio could be
applied to assess lake level fluctuations when plotted for samples of a sediment core, especially as
long as the source of the unsaturated compounds is not known. In Fig. A.3, this ratio is plotted
versus age for the PG1790 sediment core and it can be seen that higher ratios were obtained
during the late glacial and early Holocene. A higher lake level during the monsoonal maximum,
when precipitation amounts were probably higher might be plausible. Nevertheless, the curve of
this potential proxy should be compared with established proxies for lake level fluctuations such
as ostracods (Mischke et al., 2009), and early results from these proxies do not seem to be in

agreement with our data (Mischke, S., FU Berlin, personal communication). Further information

137



Appendix

about previous lake level highstands is expected from dating results of terraces above the present

day lake level.

Conclusion

First results from Lake Donggi Cona indicate a connection between the late glacial/early Holocene
monsoon maximum and TOC contents as well as concentrations of mid-chain n-alkanes. A drop
of TOC contents during the early Holocene might be attributed to a decrease of effective mois-
ture, similar to Lake Koucha. This could be evaluated by the determination of D values of
nC,y. However, low concentrations of mid-chain compounds probably will make it difficult to
obtain reliable D values throughout the core and fatty acids might be a good alternative, since
these compounds usually are higher concentrated in sediments than n-alkanes. Concentrations
of long-chain n-alkanes, which are the dominating homologues in almost all analysed samples,
steadily increase from ca 13.0 cal ka until present days and it has to be clarified using other
proxies, whether this rise can be attributed to an aquatic or a terrestrial source. A higher sample
resolution of biomarker data is necessary to monitor short-term fluctuations. Further, the po-
tential applicability of unsaturated compounds in the mid-chain range as a proxy for lake level

fluctuations has to be tested by a comparison with inferences from established proxies.
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A.3 Parameter of lakes sampled for surface sediments

limnologic

location parameter parameter sediment parameter plant parameter
= 7 5
= z - = = z o
- =z £ 2 5 F 8§ § § @ ¢
E £ 9| % 5~ - € 9%]sF 25 £§ £ %
$ 3§ |z 5 EE § SH3f333% 3t 3%
2 | £ £ 2|5 z S0|8 8 E & %5PfLSELE PR Do
= © & o o s SE|F F < o C ®28 WS og F 0§
CTP-02 | 4607 3023 9063 | 05 107 036 | 47 173 015 056 76 -207|-138 na na na n.a.
CTP15 | 4637 3199 9035 | 05 96 906 | 12 88 010 015 64 -235| Na na na na n.a
CTP-19 | 4616 3215  91.44 06 104 035 06 42 016 008 83 -249| Na& na na na n.a
CTP-20 | 4724 3210 8953 | 04 104 023 | 52 165 013 039 125 -160| -79 n& na na n.a.
CTP25 | 5133 3257 9186 | 04 85 020 | 68 168 020 067 67 -21.4| Na na na na n.a.
CTP-35 | 4701 3416 9598 | 21 91 065 | 91 117 007 034 86 -200/|'81 na na na n.a.
CTP-39 | 4545 3404 9722 | 03 84 035 | 33 130 007 041 54 -258| ha na na na n.a.
Koucha | 4541 3402 9722 | 60 91 050 |125 73 032 048 65 -221|-88 na na -2565 na
Donggi | 4095 3523 9865 | 350 79 070 | 08 47 007 020 88 -247| 58 na na na 131
GA-01 3485 3424 10233 | 08 97 014 |122 359 022 062 40 -215|Na& na na na n.a.
LC-02 5001 2979 9239 | 49 73 0.04 80 53 015 047 66 -213|"a na gg Na -19.3
LC-05 4050  29.81 9443 | 380 80  0.01 14 58 006 040 61 -270| N& na na  na n.a.
LC-06 4132 2983 9446 | 230 7.0  0.01 49 104 006 041 79 -271|Na& na na  na n.a.
LC-10 4431 2965  96.72 05 7.7 011 12 66 014 064 41 -208|-154 -169 Na na n.a.
MiY-21 4332 3504  97.39 0.1 99 391 41 124 021 045 92 -194|-124 nNa na  na n.a.
MiY-22 4341 3505  97.39 04 99 280 37 100 011 028 47 -185|-83 na na na n.a.
MiY-28 4257 3503  98.05 05 95 061 14 92 035 055 72 -180(-121 N& na - na n.a.
MiY-29 4256 34.99  98.08 03 101 360 09 78 025 032 68 -206]-147 Ma& na na n.a.
MiY-30 4247 3497  98.10 04 99 896 09 80 011 033 87 -204]-108 "Na& na na n.a.
MiY-35 4241 3474  98.11 02 102 181 | 131 279 020 066 54 -184| 60 "& na  na n.a.
MiY-38 4240  34.87  98.17 0.2 94 2272 | 11 75 010 020 76 -21.3|-136 Na& na na n.a.
MiY-39 | 4581 3399 9746 | 04 105 185 | 104 224 004 105 66 -193| -74 na na na na.
MiY-40 4581 34.00 97.47 10 102 021 |119 208 034 059 57 -196]|-123 na na na n.a.
MiY-42 | 4617 3403 9755 | 05 104 021 | 132 233 007 050 51 -21.8|-161 -167 -17.7 -265 Na
MiY-44 | 4740 3425 9785 | 04 93 040 | 109 115 003 063 81 -246|-120 "a .20 na n.a.
MiY-46 | 4233 3468 9806 | 05 108 059 | 29 98 035 039 46 -216|-11.3 na na na n.a.
MiY-53 | 4267 3492 9852 | 12 106 214 | 14 84 033 034 44 -214|-124 nNa na na n.a.
NB-01 4030 3338 10110 | 450 81 004 | 41 58 011 040 44 -246| M@ na na na n.a.
Qai-02 3205 37.04 10058 | 70 92 4130 | 115 171 031 012 113 -259| na na na  na n.a.
Qai-06 2812 37.29  96.89 68 85 1.05 73 126 022 065 126 -202| "a na na  na n.a.
$-10 4066 3323 101.02 | 289 78 005 | 3.0 87 005 039 80 -262| Na& na na na n.a.
S-13 4307 3322 10112 | 399 80 003 | 28 85 008 032 43 -281|Na na na na n.a.
S-16 4220 3111 99.76 | 367 841 0.05 50 85 009 052 47 -279| Ma& na na na n.a.
s-22 4610 3335 9607 | 28 99 019 | 61 128 009 047 49 -200|-142 97 na na  -168
$-26 2668 3618 10011 | 03 98 197 | 11 81 012 038 55 -21.8|-166 -143 na 264 na
SET 15 2189 2649  99.92 32 86 024 |153 140 025 035 58 -219| M& na na na n.a.
SET 16 1967 2592 10012 | 50 90 021 |237 166 052 060 65 -182| na na na na n.a.
SET 19 1620 2568 10065 | 9.7 93 024 05 50 035 032 70 -245|Ma na na na n.a.
SET 21 2746 27.73 10074 | 05 7.3 0.11 59 136 015 057 45 -253| "a na na na n.a.
SET 25 1500  27.82 10229 | 127 84  0.25 14 65 018 037 64 -277| N& na na na n-a.

Appendix 3: Location, limnologic, sediment and plant parameter of sampled lakes. n.a. = no

sample available
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A.4 n-Alkane concentrations in plants
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Appendix 4: Concentrations of n-alkanes [pg/g d.w.] in macrophyte and macroalgae samples
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A.5 n-Alkane concentrations in

surface sediments

n-alkane
lake Ci5 C16 Cq7 C43 C19 Cyp Cay Cp Cy3 Cpy Cys Cy Cyy Cpz Cy9 C3p Ciy Caz Caz [ sum
CTP-02 0.02 003 005 003 004 003 014 005 043 005 035 005 026 005 033 003 029 002 009 23
CTP-15 0.01 002 008 003 002 001 002 002 005 005 013 005 020 005 043 005 061 002 020 21
CTP-19 0.05 0.09 0.19 0.09 008 004 005 004 007 004 009 004 021 007 056 006 116 005 054 35
CTP-20 0.04 007 013 007 006 005 017 008 050 004 046 003 028 004 053 005 100 005 0.31 39
CTP-25 007 006 0.18 007 012 018 074 056 174 027 131 013 075 009 074 007 078 005 019 8.1
CTP-35 035 034 085 037 053 053 212 127 605 142 653 091 440 079 914 081 1507 049 362 55.6
CTP-39 0.02 003 010 005 007 009 031 027 09 027 095 027 106 024 159 012 116 007 033 8.0
Koucha 000 077 3.12 082 096 071 130 077 422 083 375 057 245 083 378 039 48 000 1.31 315
Donggi 006 0.10 0.08 004 006 005 026 010 033 011 034 010 051 010 110 009 164 000 049 56
GA-01 0.03 0.06 008 009 008 006 014 008 049 011 060 014 046 015 034 008 034 009 014 36
LC-02 0.08 017 117 029 055 047 247 079 430 078 496 082 456 074 544 059 500 066 201 358
LC-05 005 008 012 010 016 019 066 046 129 055 252 049 247 034 254 024 310 021 144 17.0
LC-06 015 026 044 026 058 085 313 099 549 106 723 106 771 104 825 088 973 072 4.01 53.8
LC-10 0.00 0.01 0.06 004 0.06 007 013 015 053 019 074 016 053 013 036 005 036 005 016 38
MiY-21 0.05 013 0.14 0.09 0.04 006 008 003 034 005 037 003 020 003 036 005 050 004 017 27
MiY-22 0.09 020 026 017 014 026 023 016 068 030 090 046 088 029 167 020 246 016 1.12 10.6
MiY-28 0.04 023 014 023 0.04 007 007 007 023 005 025 004 018 002 020 001 019 001 003 2.1
MiY-29 0.05 0.08 012 013 0.05 006 008 003 015 003 016 003 018 005 028 003 036 002 012 20
MiY-30 0.06 0.08 010 0.10 0.06 0.06 013 008 037 006 045 006 044 007 074 007 093 006 028 42
MiY-35 006 0.12 039 012 013 007 038 020 239 040 224 052 115 030 131 014 104 010 027 113
MiY-38 0.00 0.12 0.10 0.08 0.04 004 005 003 014 004 019 004 021 007 053 006 079 003 025 28
MiY-39 0.01 0.03 004 002 006 004 037 020 108 019 094 020 077 016 103 011 146 009 047 7.2
MiY-40 0.33 040 080 087 032 033 047 036 149 042 259 034 126 021 138 020 145 019 057 14.0
MiY-42 019 029 040 029 034 040 186 153 587 146 626 144 377 091 469 064 752 060 241 40.9
MiY-44 0.00 0.00 0.02 0.00 0.00 001 009 007 041 009 052 005 019 002 020 001 035 000 004 2.1
MiY-46 022 068 039 085 023 029 022 015 046 012 054 009 039 009 062 024 092 005 028 6.8
MiY-53 0.09 056 021 049 0.08 012 008 005 018 006 024 007 019 008 033 006 046 005 0.16 36
NB-01 007 012 013 015 014 011 034 025 076 028 099 029 117 031 118 018 147 019 054 8.7
Qai-02 040 071 136 028 022 011 012 011 023 010 038 003 083 016 204 014 236 007 047 10.1
Qai-06 012 029 057 041 036 025 049 033 371 022 329 019 181 028 232 014 147 005 031 16.6
s-10 0.02 0.03 002 003 003 006 014 008 035 008 057 009 072 007 063 007 079 006 028 41
$-13 012 015 012 012 015 014 045 032 091 047 127 054 139 039 201 025 261 016 085 12.4
S-16 0.06 009 012 010 019 027 091 049 180 062 226 056 214 034 191 026 183 020 066 14.8
S-22 0.06 012 035 012 014 016 064 053 236 072 257 062 19 062 232 029 327 009 103 18.0
S-26 0.04 009 016 0.09 0.07 004 014 006 045 018 073 022 071 015 111 009 082 004 023 5.4
SET 15 0.06 0.06 012 005 0.08 003 010 004 028 004 015 005 023 006 038 006 041 005 018 24
SET 16 0.10 0.05 031 0.16 034 009 011 005 035 007 071 008 051 008 047 004 023 012 010 39
SET 19 0.04 0.04 010 004 0.04 002 010 002 011 001 004 001 006 002 013 002 018 002 0.10 1.1
SET 21 0.05 0.06 014 007 0.09 008 023 019 090 034 114 024 111 018 08 012 067 011 035 7.0
SET 25 0.03 0.03 0.01 002 0.04 002 005 002 012 002 006 002 010 002 016 002 016 000 0.08 1.0

Appendix 5: Concentrations of n-alkanes [ng/g d.w.] in sediment samples
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Appendix 6a) GC-MS spectra of C,, HBI and C,; HBI
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Appendix 6¢) GC-MS spectra of diploptene and moretene
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