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Abstract
As the topmost predator in Antarctica, the seal is a unique indicator of Antarctic environment and climate changes. In this study, we

collected a sediment core from the Fildes Peninsula of West Antarctica, and used cholesterol, cholestanol, epicoprostanol, coprostanol,
and seal hair numbers as the proxy indicators of seal population size and phytol as of general vegetation, and we reconstructed the
20th century history of variation of the seal population and vegetation abundance on this island. The sealing industry in the early 20th
century caused the dramatic decline of seal population, and the ban of seal hunting since the 1960s led to its recovery of seal population.
The seal population during the past century was primarily controlled by human activities and krill density. The reconstructed relation
between seal population and vegetation abundance may offer new insights into Antarctic environment and ecology.
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Introduction

Antarctica, due to its distance from human-active areas
and its unique ecosystem, is an ideal place to study global
climate and environment changes and ecological responses
to human activities (Yin et al., 2007). In the marine
ecosystem of Western Antarctica, Southern Ocean, the seal
is the top predator whose demography and population are
directly influenced by the availability of its prey mainly
krill (Croxall et al., 1999), which is itself influenced by
abiotic components (Mangel and Nicol, 2000). Due to its
sensitivity, the seal is an optimal indicator for environment
and ecosystem changes of the Southern Ocean (Costa et
al., 2008; Curtis et al., 2009; Learmonth et al., 2006; Sun
et al., 2004).

The Antarctic Peninsula is one of the three areas that are
experiencing the fastest climate changes on earth (King,
1994; Smith et al., 1996; King and Harangozo, 1998;
Vaughan et al., 2003), and its mean annual temperature
has increased by more than 1.5°C, compared to the global
mean increase of 0.5°C since 1950 (Folland et al., 2002).
The third Intergovernmental Panel on Climate Change
assessment report (Folland et al., 2002) confirmed that
this area warmed rapidly in the period 1976–2000. Fildes
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Peninsula is the largest oasis in King George Island,
Antarctic Peninsula, West Antarctica. Because of its sen-
sitive responses to climate changes and rich diversity of
living organisms, Fildes Peninsula has become a hotspot
for ecological research (Smith, 1990; Zhao, 2002). There
are several science research stations of Russia, Chile
and other countries, some Antarctic Specially Protected
Areas, and International Space Science Institutes. Various
methods have been utilized to study the evolution of
climate and environment in West Antarctica (Barlow et al.,
2002; Casaux et al., 2006, 2009; Corsolini, 2009; Curtis
et al., 2009; Hodgson et al., 1998; Learmonth et al., 2006;
Miranda et al., 2007; Sun et al., 2000, 2004, 2006; Tao
et al., 2006; Tollit et al., 2007; Yin et al., 2007); the use
of organic molecular markers in the ecological studies of
seal colonies, however, is very limited (Wang et al., 2007;
Huang et al., 2010).

In this study, we performed organic geochemical anal-
ysis on a sediment core from Fildes Peninsula in King
George Island, West Antarctica, and reconstructed the
ecosystem history of this area for the last century. We
also examined the impact of human activities and climate
changes on the ecosystem of Southern Ocean.
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1 Materials and methods

1.1 Study site and sample collection

Fildes Peninsula locates in the southwest of King
George Island with a total area of 38 km2 (8 km × 2.5–4.5
km, Fig. 1) (Sun et al., 2006). In this study, we collected
a sediment core HN1 (35.5 cm long) from a terrestrial
catchment (62◦11′57′′S, 59◦58′48′′W, and an altitude of 2
m) of a depositional basin in the first marine terrace on the
Fildes Peninsula (Fig. 1). During the field investigation, a
PVC pipe of a diameter of 12 cm was pushed vertically into
the catchment center to excavate the sediment core. After
the PVC pipe was retrieved, both ends were hermetically
sealed.

1.2 Sample analysis

The HN1 sediment core was sliced at 0.5 cm intervals
and several samples were selected based on the work of
Yang et al. (2010). The top 25.5 cm of HN1 was identi-
fied as seal excrement deposition (Table 1). The samples
were freeze-dried prior to analysis. The detailed analyti-
cal procedures were described previously in Wang et al.
(2007). Briefly, sediment samples were Soxhlet extracted
with 2:1 (V/V) dichloromethane/methanol for 72 hr. The
extracts were concentrated by rotary evaporation and then
saponified using 0.5 mol/L KOH/MeOH. Neutral lipids
were partitioned out of the basic solution with hexane. The
pH of the saponified extract was then adjusted to 2 with

Table 1 Sample numbers and the depth of HN1

Sample number Depth (cm) Sample number Depth (cm)

HN1-23 24.5 HN1-48 12
HN1-26 23 HN1-49 11.5
HN1-32 20 HN1-52 10
HN1-37 17.5 HN1-57 7.5
HN1-42 15 HN1-62 5
HN1-46 13 HN1-67 2.5
HN1-47 12.5 HN1-71 0.5

6 mol/L HCl and acidic lipids were extracted with 20%
dichloromethane in hexane. Acidic lipids were allowed
to sit in the presence of anhydrous Na2SO4 overnight to
remove trace water. Neutral lipids were further separated
on 5% deactivated silica gel column chromatography us-
ing solvents of increasing polarity from hexane through
methylene chloride. The fractions containing hydrocar-
bons (eluted with hexane) and n-alkanols/sterols (eluted
with methylene chloride) were collected separately. The
alcohol and acid fractions were treated with BSTFA (N,O-
bis-trimethylsilyltriXuoroacetamide) to form trimethylsi-
lyl (TMS)-ether derivatives, and then analyzed in SCAN
model by a HP 5972 gas chromatography-mass selective
detector (GC-MSD). The analytes were separated using
a Agilent DB-5 capillary column (50 m × 0.32 mm
i.d. × 0.17 µm film thickness). All sample analysis was
performed in the State Key Laboratory of Organic Geo-
chemistry, Guangzhou Institute of Geochemistry, Chinese
Academy of Science (CAS).

1.3 Dating

The detailed chronology of HN1 was previously report-
ed by Yang et al. (2010). The depth of 11.5, 8.5, and 4.5
cm corresponded to the year of 1965, 1977, and 1988,
respectively; the sample at the depth of 25.5 cm had the
maximum age of 1926 AD. Linear interpolation was used
to interpolate the ages at depth between 0 and 25.5 cm.

2 Results

Phytol derives from the side chain of chlorophyll
(Rontani and Volkman, 2003) and frequently appears as
the main peak of alcohols in Antarctic lake sediments. As
shown in Fig. 2, phytol has an extremely high level in HN1,
indicating that it is well preserved in the low-temperature
environment of Antarctica. Because phytol is ubiquitously
found in all green plants, it is used as a proxy indicator
of overall vegetation. Previous studies (Wang et al., 2007;
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Fig. 1 Map of Fildes Peninsula showing the HN1 sampling site.
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Fig. 2 Alcohol composition of the sediment core HN1 at depth of 23 cm.

Huang et al., 2010) used phytol and reconstructed the
historical changes of vegetation abundance in penguin
colonies.

Coprostanol, epicoprostanol, cholesterol, and
cholestanol are common fecal sterols. They are used
to indicate fecal contamination and distinguish animal
dung among different species. Considering the sampling
site and abundant seal hairs in the samples, we assume
that the sterols come from seal excrements. Venkatesan
and Santiago (1989) reported that seals and sea lions
excrements contained very low level of coprostanol and no
epicoprostanol. But Martins et al. (2002) noted that in all
the Antarctic sediments, epicoprostanol dominated over
coprostanol, likely due to the conversion of coprostanol
to epicoprostanol by some natural anaerobic bacteria
(McCalley et al., 1981). Martins et al. (2002) also
concluded that cholesterol typically accounted for more
than 90% of the sterols in the fresh feces of Leptonychotes
weddellii, Mirounga leonine (elephant seal, the main seal
species on the Fildes Peninsula), Hudrurga leptonyx, and
Arctocephalus gazella. Our study site and samples are
similar to theirs, whereas the proportion of cholesterol in
sterols of HN1 is only 50% (Venkatesan and Santiago,
1989; Martins et al., 2002). This difference is likely caused
by the abundant bacteria. As shown in Fig. 3, the level of
hop-17-en and hop-22-en, which are indicators of bacteria
activity, are high in the HN1 core. Bull et al. (2002)
proposed that cholestanol found in sediments was likely
due to natural hydrogenation of cholesterol. Therefore,
epicoprostanol and cholestanol are probably derived
separately, from coprostanol and cholesterol and they are
bacterial byproducts of the corresponding biomarkers.
Because these four types of sterols come directly or
indirectly from seals, their fluctuations reflect the variation
in seal numbers. As a result, we could use the total
fecal sterols (cholesterol+cholestanol+coprostanol+epi-
coprostanol) as a proxy indicator of historic seal
population.

3 Discussion

By using the two molecular markers
(cholesterol+cholestanol+coprostanol+epicoprostanol
and phytol) for seal population and vegetation abundance
in the sediment core HN1, we reconstructed the

ecosystem history of the studied seal colony on Fildes
Peninsula in 20th century. The content versus depth
profiles of total fecal sterols (cholesterol+cholestanol
+coprostanol+epicoprostanol), phytol, TOC (Yang et al.,
2010), and seal hair numbers in HN1 are shown in Fig. 4
together with the reported mean annual temperatures in
King George Island during 1947 to 1995 years (Ferron
et al., 2004). As discussed above, fecal sterols and seal
hair numbers are used as proxy indicators of historical
seal population and phytol of overall vegetation. For
convenience of discussion, we divide the last century into
three time periods mainly according to fluctuations of
these molecular markers and mean annual temperature.

Period I: 1926–1962 AD. During this period, the level
of total fecal sterols and the seal hair numbers declined
sharply, indicating a significant drop in seal population
(Fig. 4). In this period, there was no climate anomaly
(Vaughan et al., 2003). Therefore, the population drop
was unlikely caused by climate changes. We examined
the sealing and whaling history in the Fildes Peninsula.
The sealing activity started in the 19th century on South
Georgia, became restricted in 1910 (54◦S–55◦S, 36◦W–
38◦W), and was terminated in 1964 (Croxall, 1992). The
seal population changes were influenced by not only
environmental factors, but also human sealing and whaling
activities (Hodgson et al., 1998). Geographically, Fildes
Peninsula is near South Georgia; thus the changes in
sealing activity could be the main factor for the seal
population changes on the Fildes Peninsula in this period.

With the declined seal population, seal-derived nutrition
and seal’s impact on the terrestrial and freshwater ecosys-
tems became reduced; consequently vegetation abundance
decreased markedly and stayed stable, as indicated by the
changes in phytol (Fig. 4).

Period II: 1962–1970 AD. The levels of molecular
markers in this time period were marked by a fluctuating
rise (Fig. 4). Started in 1922, whaling and sealing industry
dramatically reduced the whale and seal numbers in the
Southern Ocean and increased the abundance of krill,
which is the main food of whale and some seal species
(Croxall and Prince, 1979; Laws, 1985). When the sealing
was totally banned in 1964, the seal population recovered.
In this period, a substantial decline in sea-ice extent started
in the mid 1950s, and it was largely complete by 1973
(Park et al., 1998; Simõs et al., 1999). As climate became
warmer and floating ices were reduced, krill population
and thus seal population were expected to decline (Hegseth
and Von Quillfeldt, 2002). Therefore the sharp rise of seal
population in this period (Fig. 4) indicated that human
activities had more influence on the seal population than
natural factors.

In this period, phytol level and thus vegetation abun-
dance had a large increase, very likely due to the increased
input of nutrients from enlarged seal population. In seal
colonies, seals provided nutrition for vegetation; but at the
same time they could also cause physical damages such as
trampling (Smith, 1988, 1997; Butler, 1999; Yves et al.,
2005).

Period III: 1970–2002 AD. The level of total fecal
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Fig. 3 Alkane composition and concentration of the sediment core HN1 at three depths of 7.5, 15 and 24.5 cm.

sterols rose first and then declined (Fig. 4), and it is similar
to the changes of seal hair numbers. Although the climate
warmed after the sealing ban in the 1960s (Fraser and
Trivelpiece, 1996; Fraser et al., 1992), krill was still abun-
dant and thus the seal population was rapidly expanding.
The persistent warming in Antarctica since 1970s (Skvarca
et al., 1999; Vaughan and Doake, 1996) and the preying

by seals and other animals, however, started to affect
and reduce the krill and the seal populations. The seal
population mainly depends upon krill biomass. Atkinson
et al. (2004) reported similar krill and the seal population
changes in this time period. Boyd (1993) reported that seal
population on South Georgia (near our study site) in 1990–
1991 was less than that in 1950–1960.
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Fig. 4 Content versus ages profiles of molecular markers in the sediment core HN1.

During this time period, the phytol content declined first
and finally stayed stable at a high level. The blooming
vegetation around the studied seal colony was very likely
caused by the abnormal climate warming.

4 Conclusions

From the profiles of organic molecular markers in the
sediment core HN1, we reconstructed the history of seal
population and vegetation abundance changes in Fildes
Peninsula for the 20th century and examined the influenc-
ing factors. The Antarctic seal population is likely affected
more by anthropogenic activities than by climate changes.
The sealing industry from the 1920s to the 1950s dramati-
cally reduced the seal populations in Fildes Peninsula, and
the seal hunting ban since the 1960s led to the recovery of
seal populations. Vegetation abundance change is mostly
consistent with seal population variation, indicating the
nutrient from seals is crucial for plant growth. Since 1980s,
the rapid warming of climate has reduced krill supply
and thus seal population; but the warming seems to be
beneficial for vegetation.
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Ferron F A, Simõs J C, Aquino F E, Setzer A W, 2004. Air
temperature time series for King George Island, Antarctica.
Brazilian Antarctic Research, 4: 155–169.

Folland C K, Karl T R, Salinger M J, 2002. Observed climate
variability and change. Weather, 57(8): 269–278.

Fraser W R, Trivelpiece W Z, 1996. Factors controlling the
distribution of seabirds: winter-summer heterogeneity in the

http://www.jesc.ac.cn


jes
c.a

c.c
n

1436 Journal of Environmental Sciences 2011, 23(9) 1431–1436 / Jing Huang et al. Vol. 23
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