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Abstract

Long-chain n-alkanols and n-alkanes in core sediments from the northern South China Sea (SCS) were measured
to make a comparison during terrestrial vegetation reconstruction from ~42 ka to ~7 ka. The results showed that
terrestrial vegetation record from long-chain n-alkanes matched well with previous studies in nearby cores,
showing that more C4 plants developed during the Last Glacial Maximum (LGM) and C3 plants dominated in the
interglacial period. However, these scenarios were not revealed by terrestrial vegetation reconstruction using
long-chain n-alkanols, which showed C3 plant expansion during the LGM. The discrepancy during the interglacial
period could be attributed to the aerobic degradation of functionalized long-chain n-alkanols in the oxygen-rich
bottom water, resulting in poor preservation of terrestrial vegetation signals. On the other hand, the different
advantages of functionalized n-alkanols and non-functional n-alkanes to record local and distal  vegetation
signals, respectively, may offer a potential explanation for the contradiction during the LGM when the SCS was
characterized by low-oxygen deep water. Nevertheless, large variations on n-alkyl lipid compositions in C3/C4
plants  could play  a  part  in  modulating sedimentary  long-chain n-alkanols  and n-alkanes  toward different
vegetation  signals,  thereby  suggesting  that  caution  must  be  taken  in  respect  to  the  terrestrial  vegetation
reconstruction using long-chain n-alkanes and long-chain n-alkanols.

Key words: South China Sea, long-chain n-alkanols, long-chain n-alkanes, Last Glacial Maximum, terrestrial
vegetation record

Citation: Mao Shengyi, Jia Guodong, Zhu Xiaowei, Wu Nengyou, Wu Daidai, Guan Hongxiang, Liu Lihua. 2022. Last glacial terrestrial
vegetation record of  leaf  wax n-alkanols  in the northern South China Sea:  Contrast  to  scenarios  from long-chain n-alkanes.  Acta
Oceanologica Sinica, 41(8): 22–30, doi: 10.1007/s13131-021-1917-9

1  Introduction
Long-chain (>C24) n-alkyl compound classes, i.e., C27–31 odd

carbon-numbered n-alkanes and C28–32 even carbon-numbered

n-alkanols and n-fatty acids (FAs), are major components of epi-

cuticular waxes of vascular higher plant leaves (Eglinton and

Hamilton, 1967). Different photosynthetic plant types generally

possess diverse chain length distributions and contain variable

carbon isotopes (δ13C) in long-chain n-alkyl lipids (e.g., Diefen-

dorf and Freimuth, 2017, and references therein). Therefore,

chain length-dependent proxies such as carbon preference in-

dex (CPI) and average chain length (ACL), together with δ13C

compositions have been widely applied to the terrestrial, atmo-

spheric and aquatic environments for terrestrial vegetation re-

construction (e.g., Diefendorf and Freimuth, 2017, and refer-

ences therein). However, few studies were reported for the ap-

plication of long-chain n-alkanols and/or n-FAs. This is surpris-  
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ing since these three n-alkyl lipid classes are produced from a
common precursor (Cheesbrough and Kolattukudy, 1984; Post-
Beittenmiller, 1996). It could be, at least in part, attributed to that
long-chain n-alkanols and n-FAs containing functional groups
(i.e., hydroxyl and carboxyl, respectively) are more vulnerable to
diagenetic degradation (Cranwell, 1981; Meyers and Eadie, 1993;
Meyers and Ishiwatari, 1993; Hoefs et al., 2002; Damsté et al.,
2002; van Dongen et al., 2008), thereby obscuring their fidelity to
original vegetation signals in certain environments. Previous sed-
iment measurements (Hoefs et al., 2002; Damsté et al., 2002)
have demonstrated variable degradation rates and rate con-
stants among long-chain n-alkyl compound classes with n-al-
kanes more resistance to aerobic degradation than n-FAs and n-
alkanols, implying certain alternation on sedimentary n-FA and
n-alkanol records under oxic conditions. This occurrence may in
turn complicate the applicability of long-chain n-alkanes to trace
original vegetation signals, as decarboxylation and dehydration
of functionalized n-FAs and n-alkanols has been found to occur
rapidly in sediments (Cranwell, 1981; Sun and Wakeham, 1994;
Sun et al., 1997; Hoefs et al., 2002), thus likely resulting in diagen-
esis-induced enhancement of their respective n-alkanes counter-
parts (i.e., carbon number minus one). Nonetheless, the aerobic
degradation may also lead to significant and even complete re-
mineralization loss of labile n-FAs and n-alkanols (e.g., Wake-
ham et al., 2007, and references therein), implying the reliability
of long-chain n-alkanes to reflect original terrestrial signals due
to minimal diagenetic contribution of corresponding n-FAs and
n-alkanols.

As one of the largest marginal seas in the western Pacific, the
South China Sea (SCS) has received extensive attention on long-
chain n-alkanes, especially chain length proxies for terrestrial ve-
getation reconstruction and related climate change (Hu et al.,
2003; Pelejero, 2003; He et al., 2008, 2017; Shintani et al., 2011;
Huang and Tian, 2012; Zhou et al., 2012; Li et al., 2013, 2015; Xu
et al., 2016; Lin et al., 2017; Wang et al., 2018b; Liu et al., 2019). Al-
though some studies have demonstrated the application of long-
chain n-alkanols and/or n-FAs (Hu et al., 2009; Shintani et al.,
2011; Strong et al., 2012, 2013; Zhu et al., 2014, 2016; He et al., 2017;
Guo et al., 2019), these studies mostly focus on the Zhujiang River
Estuary (ZRE). To our best knowledge, two case studies have
presented detailed data of chain length distributions and δ13C
compositions of long-chain n-FAs, one from the ZRE (Strong et al.,
2013) and another from the open northern SCS (Zhu et al., 2014).
The molecular distributions of long-chain n-alkanols were also
reported in suspended particulate material (SPM) and/or sur-
face sediments from the ZRE (Hu et al., 2009; Strong et al., 2012,
2013; Guo et al., 2019), while δ13C records of long-chain n-alkan-
ols were only presented in sediment cores from the open north-
ern SCS (Zhu et al., 2016; He et al., 2017). Consequently, it is still
ambiguous in terms of the application of molecular distributions
and δ13C compositions of long-chain n-alkanols into the terrestri-
al vegetation reconstruction in the SCS. In this study, sediment-
ary records of long-chain n-alkanols in a core from the northern
SCS were investigated to revisit this issue. Long-chain n-alkanes
were also analyzed for a parallel comparison with long-chain n-
alcohol records to avoid problems and limitations using a single
n-alkyl compound class.

2  Regional setting
The vegetation on the mainland adjacent to the northern SCS

is mainly composed of subtropical coniferous forest, subtropical/
tropical evergreen broadleaf forest and deciduous shrub, and
their distributions are largely controlled by latitude and altitude

variations (China Vegetation Editorial Committee, 1980). Natur-
al subtropical evergreen broadleaf forest is mostly common in
low hills (i.e., 600–1 500 m elevation) in southern China, i.e., Ji-
angxi and Fujian. In contrast, tropical evergreen broadleaf forest
is generally predominant in the lowlands (i.e., <600 m elevation)
of Hainan and Taiwan Islands (China Vegetation Editorial Com-
mittee, 1980). Temperate deciduous broadleaf forest and cold-
temperate coniferous forest (i.e., Abies and Picea) are substan-
tially dominant in higher mountains, i.e., the Yushan Mountains in
central Taiwan Island, the highest range (3 925 m elevation) in the
region (China Vegetation Editorial Committee, 1980). The local
evergreen broadleaf forest, especially along the coastal plain, has
been mostly destroyed by anthropogenic activities since the 1960s
and is rapidly colonized by cultivated vegetation, i.e., subtropical
coniferous forest (i.e., Pinus massoniana) and tropical/subtropic-
al grassland (China Vegetation Editorial Committee, 1980).

The different vegetation communities on the mainland dir-
ectly result in remarkable spatial variations of modern pollen dis-
tributions in proximate marine surface sediments. For example,
Pinus is the major pollen taxa with extremely high contents in the
coastal area as a consequence of extensively planting along the
coastal region (Dai et al., 2014; Yu et al., 2017). In contrast, high-
altitude conifers, such as Picea and Abies, are almost exclusively
present in southwest of Taiwan Island (Dai et al., 2014) as higher
mountains in the region can favor their massive development.
Moreover, relatively higher pollen contents are found around the
ZRE than in other inshore areas (Dai et al., 2014). The result sug-
gests that the key influence on modern pollen distribution in the
northern SCS is related to the Zhujiang River, with this catch-
ment providing the main fluvial transport of pollen to the north-
ern SCS (Dai et al., 2014; Yu et al., 2017). Therefore, it shows a
generally decreased trend in pollen contents along the gradient
from coastal to open regions (Dai et al., 2014; Yu et al., 2017).

3  Materials and methods

3.1  Sample information
In this study, one sediment core (Site 4B) from the continent-

al slope of the northern SCS (20.14°N, 116.52°E; Fig. 1) was stud-
ied. The core Site 4B was located adjacent to several other cores
(Fig. 1), which have been well studied for fossil pollen (Sun and
Li, 1999; Sun et al., 2000, 2003; Chang et al., 2013; Dai et al., 2015,
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Fig. 1.   Locations of sediment cores of Sites 4B (this study), ODP
1144 (Sun et al., 2003; He et al., 2017), 17940 (Sun and Li, 1999;
Sun et al., 2000), STD235 (Yu et al., 2017; Liu et al., 2019), MD97-
2146 (Shintani et al., 2011; Lin et al., 2017), MD05-2904 (He et al.,
2008;  Chang et  al.,  2013),  MD05-2905 (Zhou et  al.,  2012)  and
MD05-2906 (Dai and Weng, 2015; Dai et al., 2015, 2018).
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2018; Dai and Weng, 2015; Yu et al., 2017; Liu et al., 2019) and/or
terrestrial n-alkyl lipid biomarkers (He et al., 2008, 2017; Shintani
et al., 2011; Zhou et al., 2012; Lin et al., 2017; Liu et al., 2019).
These published data can provide a general frame of dynamics
on paleovegetation and paleoclimate in this region, and thus can
be utilized for a general comparison with our sedimentary re-
cords of long-chain n-alkanols and n-alkanes as a clue to evalu-
ate their implications in the northern SCS. The Site 4B of the core
has been reported for molecular distributions and/or δ13C com-
positions of alkane and alcohol fractions in our previous studies
(Zhu et al., 2016, 2018, 2019), in which detailed information of
core collection, separation, preservation and age dating, and ex-
periments of lipid extraction and separation for different frac-
tions, as well as instrumental analysis, identification and quantit-
ation of alkane and alcohol compounds can be found.

Briefly, the freeze-dried and powdered samples were extrac-
ted with dichloromethane (DCM)/MeOH (9:1, v/v) for 72 h in a
Soxhlet apparatus, followed by saponification with KOH/MeOH
(1 mol/L) and extraction with hexane. The neutral lipids were
purified using silica gel chromatography to isolate alkane, aro-
matic and alcohol fractions by elution with n-hexane, benzene
and MeOH, respectively. The alcohol fraction was converted to
trimethylsilyl derivatives with bis(trimethylsilyl)trifluoroacetam-
ide (BSTFA) prior to gas chromatography-mass spectrometry
(GC-MS) and gas chromatography-isotope ratio-mass spectro-
metry (GC-IR-MS) analyses at the State Key Laboratory of Organ-
ic Geochemistry, Guangzhou Institute of Geochemistry, Chinese
Academy of Sciences. The alkane fraction was performed only for
GC-MS analysis, thereby leading to a lack of a parallel comparis-
on between δ13C records of long-chain n-alkanols and n-alkanes.
Nevertheless, the applicability of long-chain n-alkane records,
i.e., CPI and ACL in the study core could be roughly assesed by
comparing with published data in nearby cores (He et al., 2008;
Shintani et al., 2011; Zhou et al., 2012; Lin et al., 2017; Liu et al.,
2019). Therefore, the long-chain n-alkanes without δ13C records
were still useful for an effective comparison with long-chain n-al-
kanols to evaluate their relationships and implications. Seven
sedimentary intervals were chosen for accelerator mass spectro-
metry (AMS) 14C measurements based on Globigerinoides ruber
and/or Globigerinoides sacculifer at the State Key Laboratory of
Isotope Geochemistry, Guangzhou Institute of Geochemistry,
Chinese Academy of Sciences. After correction and conversion
into calendar ages, the topmost measured sample has an age of
1.954 ka, and the bottommost sample has an age of 41.596 ka
(Zhu et al., 2019). The age-depth relationship based on the seven
age control point is near linear, and the age of each sample was
determined through linear interpolation between age control
points (Zhu et al., 2019).

3.2  Proxy calculation
The CPI and ACL proxies contents of long-chain n-alkanes

were calculated by following equations (Bray and Evans, 1961):

CPI− =.× [ΣOdd(C − C)/ΣEven(C − C)+

ΣOdd(C − C)/ΣEven(C − C)], (1)

ACL− =(C × + C × + C × + C × +

C × )/[ΣOdd(C − C)]. (2)

The even carbon-numbered long-chain n-alkanols are gener-
ally biosynthesized correspondingly to (–1) odd carbon-numbe-

red n-alkanes from the common precursor (Cheesbrough and
Kolattukudy, 1984; Post-Beittenmiller, 1996). Accordingly, CPI
and ACL proxies contents of long-chain n-alkanols were calcu-
lated by following equations:

CPI− =.× [ΣEven(C − C)/ΣOdd(C − C)+

ΣOdd(C − C)/ΣOdd(C − C)], (3)

ACL− =(C × + C × + C × + C × +

C × )/[ΣEven(C − C)]. (4)

Previous study showed that the C26, C28 and C30 n-alkanols
had a reasonably coherent stratigraphic trend of δ13C variations
(Zhu et al., 2016), indicating their common source of higher
plants. Hence, we here use the weighted mean average δ13C of
C26, C28 and C30 n-alkanols to provide a general view of the δ13C
variations of each individual n-alcohol, as the case for long-chain
n-alkanes in nearby cores (Zhou et al., 2012; Liu et al., 2019). The
weighted mean δ13C of C26–30 n-alkanols was calculated by fol-
lowing equation:

δC− =(δC × C + δC × C+

δC × C)/[ΣEven(C − C)]. (5)

4  Results and discussion

4.1  Contrast between long-chain n-alkanols and n-alkanes
The upper six samples (0–30 cm intervals) were not suitable

for lipid measurements due to contamination during sample
treatment in the laboratory. Therefore, long-chain n-alkanols
and n-alkanes in sediments at 30–300 cm intervals were ana-
lyzed, covering a time period of ~42–7 ka. Overall, long-chain n-
alkanes showed an odd-over-even predominance with CPI25–33

values from 1.5 to 3.8 (average 2.7), whereas long-chain n-alkan-
ols exhibited an even-over-odd predominance with CPI26–34 val-
ues from 8.2 to 18.9 (average 12.9) (Fig. 2). The distributions of
long-chain n-alkanes and n-alkanols strongly suggested a pre-
dominant input of terrestrial higher plants. However, changes on
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Fig. 2.     Downcore records of long-chain n-alkanols and n-al-
kanes. The CPI25–33 data are from Zhu et al. (2018). The columns
denote representative sedimentary intervals with relatively high
CPI values, corresponding to low values of ACL26–34 and δ13C26–30,
and high ACL25–33 values. The gray column denotes the LGM.
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degradation or preservation of long-chain n-alkanols and n-al-
kanes might be reflected by the two CPI records, which changed
almost in parallel down core sediments (Fig. 2). Moreover, the
ACL26–34 values (29.4–32.2 in range and 30.6 on average) changed
synchronously with δ13C26–30 records, which ranged from –34.3‰
to –28.8‰ (average –32.2‰) (Fig. 2). The substantially low val-
ues of ACL26–34 and δ13C26–30 strongly indicated a dominance of C3

plant input during the Last Glacial Maximum (LGM) (Conte et al.,
2003; Chikaraishi et al., 2004; Rommerskirchen et al., 2006; Chi-
karaishi and Naraoka, 2007; Vogts et al., 2009; Diefendorf et al.,
2011, 2015; Mortazavi et al., 2012; Diefendorf and Freimuth,
2017). However, the long-chain n-alcohol records displayed in-
consistent trends with ACL25–33 variations (28.1–29.7 in range and
29.2 on average), which likely suggested a more contribution of
C4 plants during the LGM (Fig. 2).

The occurrence of different terrestrial vegetation evolution
derived from long-chain n-alkanes and n-alkanols suggested that
factors controlling their distributions during bio- and diagenetic
processes were more complicated than expected. In the present
study, the ACL25–33 records of long-chain n-alkanes matched well
with published data in adjacent cores (He et al., 2008; Shintani
et al., 2011; Zhou et al., 2012; Lin et al., 2017; Liu et al., 2019),
hence largely ruling out the possibility of systematic analytic dif-
ferences and estimation accuracies on long-chain n-alkanes from
different studies. The analytic difference between the two n-alkyl
lipid classes was also less possible because the two CPI records
shared a similar trend down the core (Fig. 2). Moreover, the con-
spicuous discrepancy between the two n-alkyl lipid classes was
observed in the same core, thus negating the issue of site-to-site
correlation. Although mechanisms for this discrepancy re-
mained unclear, the reasonable interpretations could be (1) dia-
genetic degradation on functionalized long-chain n-alkanols
(Cranwell, 1981; Meyers and Eadie, 1993; Meyers and Ishiwatari,
1993; Hoefs et al., 2002; Damsté et al., 2002; van Dongen et al.,
2008) that likely obscured their response to vegetation variation;
(2) diverse responses of functionalized and non-functional n-al-
kyl lipid classes to vegetation signals in different source area
(Galy et al., 2011; Ponton et al., 2014; Hemingway et al., 2016);
and (3) large variations among different species of C3/C4 plants
that produce variable compositions of n-alkyl lipid classes
(Diefendorf and Freimuth, 2017), leading to a bias in sediment-
ary records of long-chain n-alkanols and n-alkanes towards dif-
ferent vegetation signals.

4.2  Aerobic degradation of long-chain n-alkanols during the in-
terglacial period
Due to lacks of functional groups, long-chain n-alkanes are

more resistant to degradation than functionalized n-FAs and n-
alkanols (Cranwell, 1981; Meyers and Eadie, 1993; Meyers and
Ishiwatari, 1993; Hoefs et al., 2002; Damsté et al., 2002; van Don-
gen et al., 2008). However, to date, almost no detailed studies of
diagenetic degradation on long-chain n-alkanols were reported,
and thus the influence of degradation on their chain length and
δ13C variations remained ambiguous. However, a total increase
in ACL26–32 values from surface SPM samples to underlying sur-
face sediments was observed at sampling sites in the ZRE (Fig. 3),
likely suggesting the preferential loss of shorter chain homo-
logues due to degradation of terrestrial-derived long-chain n-al-
kanols. The distribution of ACL26−32 values (average 28.3; Fig. 3)
in surface SPM samples was roughly consistent with modern ve-
getation ecosystem in the Zhujiang River Basin, showing a dom-
inance of C3 plants, as this flora generally shows a peak in C28 or
C30 n-alcohol (Vogts et al., 2009). Although CPI26−34 is also a good

indicator to assess chain length variations of n-alkanols between
SPM samples and surface sediments, it is impossible here to per-
form this comparison due to insufficient CPI26−34 records in SPM
samples, which were mainly induced by extremely low contents
of long-chain odd carbon-numbered n-alkanols in most SPM
samples (Guo, 2015). The diagenetic alteration and preservation
of bulk organic matter and lipid biomarkers are largely determ-
ined by oxygen exposure time (Müller and Suess, 1979; Hartnett
et al., 1998), which integrates the bottom water oxygen content
and the residence time at the sediment-water interface. There-
fore, the parallel comparison of ACL26–32 values in SPM samples
with those in surface sediments (Fig. 3) likely suggested the oc-
currence of aerobic degradation of long-chain n-alkanols at the
sediment-water interface at sampling sites, where bottom waters
are oxygen rich (Guo, 2015; Guo et al., 2015). The results also
demonstrated that the seasonal or temperature variations were
less significant in modulating ACL26–32 distributions, as evid-
enced by very similar values in seasonal SPM samples (Fig. 3).

The contemporary study in the ZRE showing that aerobic de-
gradation on long-chain n-alkanols could result in an increase in
ACL26–32 values (Fig. 3) matched reasonably with our core-study
showing a substantially negative correlation between ACL26–34

and CPI26–34  indicative of diagenetic alternation (Fig. 4).
However, a positive correlation was observed between ACL25–33

and CPI25–33 (Fig. 4), which was also documented in previous
studies in nearby cores (He et al., 2008, 2017; Shintani et al., 2011;
Zhou et al., 2012; Lin et al., 2017), likely suggesting that ACL25–33

variations were not mainly influenced by the diagenetic degrada-
tion. The contrast scenario between ACL26–34 and ACL25–33 ob-
served here is consistent with general findings showing that long-
chain n-alkanes are more resistance to aerobic degradation than
functionalized n-alkanols (Cranwell, 1981; Meyers and Eadie,
1993; Meyers and Ishiwatari, 1993; Hoefs et al., 2002; Damsté et
al., 2002; van Dongen et al., 2008). Moreover, the positive rela-
tionship between ACL25–33 and CPI25–33 (Fig. 4) could further in-
dicate the absence of aerobic conversion of long-chain n-alkan-
ols to corresponding n-alkanes likely due to significant loss of n-
alkanols during aerobic remineralization (e.g., Wakeham et al.,
2007 and references therein). Summarily, given that ACL25–33 in
the northern SCS is an effective indicator to trace vegetation
change in the source area (He et al., 2008, 2017; Shintani et al.,
2011; Zhou et al., 2012; Lin et al., 2017; this study), the contrast
between long-chain n-alkane and n-alkanol records in the study
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Fig. 3.   Spatiotemporal distribution of ACL26–32 in the Zhujiang
River Estuary. The ACL26–32 values are calculated based on origin-
al  data  presented in  Guo (2015).  The detailed information of
sampling sites can refer to Guo et al. (2015, 2019). SPM is the ab-
breviation of suspended particulate material.
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area could be attributed to aerobic degradation on relatively
labile n-alkanols. This is further supported by a rough comparis-
on between sedimentary records of long-chain n-alkanols and
redox proxies, as shown below.

Two redox indices, namely cholestanol/(cholestanol+choles-
terol) (C27Δ0/Δ0+Δ5) and U/Th content ratios, based on sterol
biomarkers (Wakeham, 1989) and authigenic elements (Li et al.,
2018), respectively, changes almost in parallel, especially before
~15 ka (Fig. 5). The relatively high values of both redox indices
were indicative of lower redox potential at sediment-water inter-
face, or in other words, less bottom water oxygenation and vice
versa (Wakeham, 1989; Li et al., 2018). Therefore, downcore re-
cords of long-chain n-alkanols that changed negatively with two
redox indices (Fig. 5) probably suggested the preferential losses
of shorter chain homologues and more negative 12C composi-
tions as a consequence of aerobic degradation during the inter-
glacial period. In contrast, the lower redox potential, as well as
relatively low sea level and strengthened winter monsoon would
promote the source-to-sink transport of terrestrial-plant wax lip-
id into the study site, followed by a better preservation of ter-
restrial-original signals of long-chain n-alkanols in sediments
during the LGM (Fig. 5). The temperature variability might play

an insignificant role in controlling degradation of long-chain n-
alkanols because they correlated irregularly with temperature re-
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Fig. 6.     Linear correlations of long chain diol index sea surface temperature (LDI-SST) with long-chain n-alcohol record in core
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(2019).
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cords (Fig. 6), as was the case in the ZRE (Fig. 3).

4.3  Potential interpretation on the discrepancy between the two n-
alkyl lipid classes during the LGM
The aerobic degradation of long-chain n-alkanols that ob-

scured their response to original terrestrial signals might be a po-
tential explanation for inconsistent trends compared to long-
chain n-alkanes during the interglacial period. However, the dis-
crepancy still occurred between the two n-alkyl lipid classes in
respect to the terrestrial vegetation reconstruction during the
LGM, when long-chain n-alkanols should have not experienced
strong diagenetic alteration and could be a good preservation of
terrestrial-original vegetation signals in sediments. Here, two
major possibilities might be responsible for this discrepancy dur-
ing the LGM.

Numerous palynological records in the northern SCS reveal
extremely high pollen contents with a dominance of non-
arboreal (dominated by Artemisia) and/or arboreal (dominated
by Pinus) pollen representatives during the LGM (Sun and Li,
1999; Sun et al., 2000, 2003; Dai et al., 2015; Yu et al., 2017). The
widespread and abundant occurrence of non-arboreal fossil pol-
len was likely indicative of these taxa growing on the adjacent ex-
posed continental shelf (Sun and Li, 1999; Sun et al., 2000, 2003;
Yu et al., 2017), whereas abundant arboreal pollen was likely de-
rived from adjacent coastal area or China mainland (Sun and Li,
1999; Zheng and Li, 2000). As functionalized long-chain n-alkan-
ols bias towards local vegetation signal, and contrastively n-al-
kanes integrate over a broader source region (Galy et al., 2011;
Ponton et al., 2014; Hemingway et al., 2016), this might be a po-
tential interpretation on the discrepancy between the two n-alkyl
lipid classes. During the LGM, both leaf wax lipids and pollen of
local vegetation likely dominated by C3 Artemisia herbs and/or
C3 Pinus trees (Sun and Li, 1999; Sun et al., 2000, 2003; Yu et al.,
2017) could be transported easily to the study area. Meanwhile,
these local C3 plants-derived leaf wax lipids could be well pre-
served in sediments under lower redox potential and thus long-
chain n-alcohol records could reflect a local signal of C3 plant ex-
pansion during the LGM. In contrast, relatively low sea level and
strengthened winter monsoon would promote source-to-sink
transport of long-chain n-alkanes over long distance from broad-
er source area where C4 plants might expand, as proposed previ-
ously by Zhou et al. (2012), and distal C4 plant wax n-alkane sig-
nals, i.e., longer chain lengths and more positive δ13C composi-
tions might have exceeded signals of local C3 plants during the
LGM. This scenario could lead to sedimentary long-chain n-al-
kanes indicative of C4 plant expansion, thus producing contra-
dictory history compared to long-chain n-alcohol records in the
study area during the LGM.

In addition, large variations on compositions of different n-al-
kyl lipid classes among different species of C3/C4 plants (Diefen-
dorf and Freimuth, 2017) might also play a part in modulating
sedimentary long-chain n-alkanols and n-alkanes towards differ-
ent vegetation signals. Extant plant wax n-alkyl lipid studies
demonstrate that C3 plants on average (406 μg/g, n=163) pro-
duce more abundant long-chain n-alkanols than C4 plants (120
μg/g, n=39), whereas C4 plants on average (386 μg/g, n=93) pro-
duce almost equivalent long-chain n-alkanes compared to C3

plants (437 μg/g, n=288) (Conte et al., 2003; Chikaraishi et al.,
2004; Rommerskirchen et al., 2006; Vogts et al., 2009; Bezabih et
al., 2011; Diefendorf et al., 2011, 2015; Garcin et al., 2014; Bush
and McInerney, 2015; Badewien et al., 2015; Wang et al., 2018a)
(Fig. 7). In this setting, extensively developed C3 plants, i.e.,
Artemisia herbs and/or Pinus trees (average 394 μg/g, n=5)

around the northern SCS (Sun and Li, 1999; Sun et al., 2000, 2003;
Zheng and Li, 2000; Yu et al., 2017), might produce abundant
long-chain n-alkanols, while less developed local C4 plants might
produce minor n-alkanols (Fig. 7), hence leading to sedimentary
long-chain n-alkanols indicative of local C3 plant expansion dur-
ing the LGM. In contrast, these local C3 plants, i.e., Artemisia
herbs (average 240 μg/g, n=54) and/or Pinus trees (average
1 μg/g, n=5), might produce less long-chain n-alkanes than C4

plants (Fig. 7), thereby resulting in a bias in sedimentary long-
chain n-alkanes not towards local C3 plant expansion during the
LGM.

5  Conclusions
Sedimentary records of long-chain n-alkanols and n-alkanes

in core sediments from the northern SCS were synchronously in-
vestigated to avoid problems and limitations using a single n-al-
kyl compound class in terms of terrestrial vegetation reconstruc-
tion. Our long-chain n-alkane data suggested that land vegeta-
tion in the source area was dominated by C3 plants during the in-
terglacial period and more C4 plants developed during the LGM,
which were generally consistent with previous studies in nearby
cores. However, a prominent vegetation contrast occurred, if
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Fig. 7.   Plant averaged wax long-chain n-alkyl lipid content (hori-
zontal red bar) with vertical bar indicating the standard devi-
ations. Averaged n-alcohol contents in C3 plants (n=163) are cal-
culated  based  on  published  data  in  Conte  et  al.  (2003),  Chi-
karaishi et al. (2004), Rommerskirchen et al. (2006), Vogts et al.
(2009) and Diefendorf et al. (2011, 2015). Averaged n-alkane con-
tents in C3 plants (n=288) are calculated based on published data
in Conte et al. (2003), Chikaraishi et al. (2004), Rommerskirchen
et al. (2006), Vogts et al. (2009), Bezabih et al. (2011), Diefendorf
et  al.  (2011,  2015),  Garcin  et  al.  (2014),  Bush  and  McInerney
(2015) and Badewien et al. (2015). Averaged n-alcohol contents
in C4 plants (n=39) are calculated based on data in Conte et al.
(2003)  and Rommerskirchen et  al.  (2006).  Averaged n-alkane
contents  in  C4  plants  (n=93)  are  calculated  based  on  data  in
Conte et al. (2003), Rommerskirchen et al. (2006), Bezabih et al.
(2011),  Garcin  et  al.  (2014),  Bush  and  McInerney  (2015)  and
Badewien et al. (2015). Averaged n-alkane content in Artemisia
(n=54) are calculated from Wang et al. (2018a). Averaged n-alco-
hol and n-alkane contents in Pinus  (n=5) are calculated from
Diefendorf et al. (2011, 2015).
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compared with long-chain n-alcohol records, which might be at-
tributed to different factors. The diagenetic degradation of long-
chain n-alkanols might be the main reason for the inconsistent
trend and contradictory history compared with long-chain n-al-
kanes during the interglacial period. During the LGM, this dis-
crepancy, however, might be ascribed to different responses of
functionalized and non-functional n-alkyl lipid classes to vegeta-
tion source area and large variations among different species of
C3/C4 plants that produce variable compositions of n-alkyl lipid
classes. Further works on source-to-sink transport processes of
long-chain n-alkanols are especially needed before these possib-
ilities can be firmly established.
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