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Abstract This study aims to report baseline soil nutrients, specifically the organic carbon, nitrogen and phosphorus profile, in
soil samples collected from Punta Fort William on Greenwich Island in maritime Antarctic. Samples were collected along two
transect lines during the early summer of 2008. Ward’s method of hierarchical agglomerative clustering was employed to group the
sampling points based on their physico-chemical properties. In this context, the soil samples can be grouped into three major clus-
ters: (1) Samples with intensive biological activities, (2) samples from the area recently exposed by glacial retreat and (3) samples
from barren and dried areas. Nutrient contents in Punta Fort William are driven by the intensity of biological activities as well as

melt water from the Quito glacier.
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1 Introduction

The interaction between biotic and abiotic components,
especially in nutrient dynamics, remains one of the most
interesting research topics in Antarctic science. Nutrient
availability and cycling are key for biodiversity in the Ant-
arctic tundra. Nutrients, especially nitrogen (N), phospho-
rous (P) and carbon (C), play important roles in regulating
biological activity in the Antarctic ecosystem. In fact, Ja-
cobs et al.!l reported the significant role of nutrients in
Antarctica as early as 1979 in his letters to Nature. Al-
though a number of studies have reported the level of nu-
trient availability in different regions in the Antarctic’®™,
the level of nutrients, specifically N and P, in the reports
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varies between areas studied. In addition, the rate of nutri-
ent changes and cycling in the terrestrial environment are
not well understood. To highlight these issues in a broader
perspective, there is a need for extensive baseline data that
covers both spatial and temporal aspects.

This study is focused at Punta Fort William at the
northeastern tip of Greenwich Island, next to the
well-known Discovery Bay and Guayaquil Cove. Green-
wich Island is one of the southernmost islands of the South
Shetland Islands in Antarctica. The island, situated at 62°
south, has a low temperature most of the time and a rela-
tively short summer from late December to March. Punta
Fort William is a relatively small headland (~1.6 km?)
neighboring the Quito Glacier and has no snow cover dur-
ing the summer. Parts of the headland are saturated with
melt water from the Quito Glacier during the summer and
this drives the vegetation growth and other biological ac-
tivities in the area!®®. Considering the unique environment
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of Punta Fort William, this study aims to provide some
baseline data on the soil nutrients during early summer.

2 Materials and methods
2.1 Sampling

Soil samples were collected during the XII INAE Ecuador-
ian expedition (Institute of Antarctica). The expedition was
conducted during early summer from 31 January 2008 to 17
February 2008. Twenty sampling points were established
along two transects (Figure 1) on the Punta Fort William
headland. Transect 1 was established along Culebra Brook,
flowing from the Quito Glacier to Discovery Bay (Chile
Bay). Transect 2 was established from Orion Point down to
Escua Creek, crossing Transect 1. Transect 1 was generally
wet and affected by the glacier melt water, while transect 2
was drier expect for the middle section. There were inten-
sive bird activities towards the end of transect 2. The posi-
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tions of the sampling points are listed in Table 1. Five soil
samples were collected from the top 15 cm of each sampling
point. Rocks and pebbles were excluded from the sample.
The soil samples were then pooled, mixed thoroughly and
sieved to 2 mm before being sealed in sample bags (Whirl-
pack). The samples were labeled and stored at 0°C before
being shipped to the laboratory. The soil samples were stored
at —20°C in the laboratory until further analysis.

The percentage cover of the mosses, lichens and
higher plants was assessed every 100 meters along the
transects using a 1 m quadrat. The percentage cover at each
sampling point was recorded and a digital image was cap-
tured with a 8.0-megapixel digital camera (Canon, Ixus
8601) for reference. UTHSCSA Image tool software ver.
1.27" was used to measure the percentage cover. Activities
of seabirds, penguins and seals in the area were observed
but not quantitatively determined.
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Figure 1 Study area and location of sampling points. Sampling points are indicated by black solid cycles. The dotted lines indicate the

two transect lines.
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Table 1 Locations and descriptions of the sampling points established in this study

Station Longitude Latitude Description
GiT1 0 62°26'55.6"S 59°43'34.3"W Seaside
GiT1_105 62°26'56.3"S 59°43'44.3"W Barren, Lake side
GiT1 205 62°26'50.8"S 59°43'50.8"W Thick mosses
GiT1_500 62°27'01.3"S 59°44'09.1"W Thick mosses

Transect 1: Greenwich Island T . .
GiT1-600 62°27'07.2"S 59°44"25.3"W Soil saturated with water
GiT1-700 62°27'08.8"S 59°4429.7"W Soil saturated with water
GiT1_800 62°27'10.1"S 59°44'35.6"W Moist and covered by mosses
GiT1 910 62°27'02.9"S 59°44'14.8"W Barren land
GiTl1 972.5 62°27'04.5"S 59°4420.6"W Close to Quito glacier
GiT4 0 62°26'48.7"S 59°44'16.2"W Sandy barren land
GiT4_100 62°26'51.0"S 59°44'12.4"W Sandy barren land
GiT4_200 62°27'16.4"S 59°43'39.8"W Sandy barren land
GiT4_300 62°26'53.9"S 59°44'07.7"W Barren, lake side

) GiT4_400 62°26'56.1"S 59°44'00.7"W Near to ice

Transect 2: Greenwich Island GiT4 500 62°26'58.7"S  59°43'58.9"W  Soil saturated with water
GiT4_600 62°27'01.6"S 59°43'55.4"W Near to ice, hill slope
GiT4_700 62°27'04.2"S 59°43'51.2"W Hill, intensive bird nests
GiT4_800 62°27'07.8"S 59°43'48.9"W Rocky barren land
GiT4_900 62°27'09.8"S 59°43'45.6"W Hill, intensive bird nests
GiT4_1000 62°27'13.9"S 59°43'43.8"W Seaside
AMP _1 62°26'34.0"S 59°47'11.8"W Rocky

Punta Ambato AMP-3 62°26'31.6"S 59°47'14.0"W Rocky
AMP-6 62°26'33.0"S 59°4728.8"W Thick mosses

Dee Island DIT2-0 62°25'37.6"S 59°4721.1"W Rocky
DIT2-140 62°25'39.9"S 59°4721.7"W Rocky
DIT2-190 62°25'42.0"S 59°4722.5"W Rocky

Greenwich Island GI-1 62°26'59.3"S 59°44'43.1"W Close to glacier
GI-4 62°27'03.6"S 59°45'12.6"W C. quitensis found
GI-8 62°2726.4"S 59°44'06.5"W Sandy barren land

2.2 General soil properties

Soil temperature was measured in-situ with a 57 ther-
mometer probe (Hanna, Rhode Island, USA, HI45-01). Soil
pH was determined based on a 1:1 soil:distilled water sus-
pension. Soil moisture was determined in the laboratory
using a moisture balance (Mettler Toledo, Ohio, USA,
HB43-S) calibrated with a moisture balance reference sub-
strate (Mettler Toledo, SmartCal). The particle size of the
sieved (<2 mm) soil samples was determined based on the
laser diffraction method as recommended by Malvern Mas-
ter Sizer.

2.3 Total Organic Carbon

Total organic carbon (TOC) was analyzed based on the
method in Simas et al.'’. The soil sample was mixed and
sieved to <500 um to obtain a homogeneous sample. The
TOC was determined using a solid sample module (SSM)

incorporated into a TOC machine (Shimadzu TC5000). A
standard curve was established between the area and or-
ganic carbon obtained from the TOC-SSM 5000A. Sodium
bicarbonate and potassium hydrogen phthalate were used as
inorganic carbon (IC) and total carbon (TC) standards, re-
spectively. Strong correlations of y = 0.490 7x; 7> = 1 and
y = 0.461 9x; 7* = 1 were obtained for TC and IC, respec-
tively. Each sample was conducted in triplicate. TOC was
obtained by the net difference between TC and IC.

2.4 Nitrogen fractions in soil

Soil nitrates (NO3 ) and ammonium ions (NHy) were de-
termined according to the method of Maynard et al.l'!
Briefly, 15 g of sieved (500 pm) sediment was extracted
with 50 mL KCl (2 M) in an orbital shaker (250 rpm) for
1 h. The extracts were then centrifuged at 21 000xg for
15 min. The supernatant was poured into 60 mL Nalgene
bottles for analysis. Ammonium-N was determined by the
phenate method, while nitrate-N was determined by the
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cadmium reduction and diazotization method.

Total N in soil was determined by the Kjeldahl
method"?!. To measure total soil N, 1 g of sieved (500 pm)
air-dried soil was weighed and added into a 50 mL Kjeldahl
flask. Then 0.5 g of Hibbert’s salt mixture (K,SO,:FeSO,:
CuSOy; 10:1:5) was added. The soil was moistened with
distilled water and 5 mL of concentrated 98% H,SO, was
then added. The mixture was digested for ~2 h. Upon cool-
ing, 30 mL of distilled water was added. The digest was
transferred and made up to 100 mL. Then 10 mL of the di-
gest was pipetted into the distillation apparatus, and 10 mL
of 40% NaOH was added and it was distilled and collected
in 10 mL of boric acid-indicator solution. The distillate was
titrated with 0.01 N H,SO, until the color changed from
green to purple. Each analysis was conducted in triplicate
and a blank sample was used to correct the result. A recov-
ery test was conducted on total N analysis of L-glutamic
acid. A good recovery of 99.5% was obtained from the re-
covery test.

2.5 Phosphorous fractions in soil

Soil P fractions were analyzed using the five-step sequential
extraction described by Kuo!'*. The first P fraction is the

extractable and loosely bound P extracted using 1 M NH,4CI.

The second fraction is the AI(OH); surface bound fraction
extracted using 0.5 M NHyF. The third fraction is the
Fe(OH), surface bound fraction extracted using 0.1 M
NaOH. The fourth fraction is occluded P extracted using 0.3
M Na;C3HqO7+1 M NaHCO;+Na,S,0,4. The last fraction is
the Ca-bound mineral P fraction extracted using 0.25 M
H,SO,4. Two organic P fractions, microbial P and labile or-
ganic P were analyzed following the procedures of Zhang
and Kovar"". Total labile P was determined using 0.5 M
NaHCO;+K,S,05. Total labile P+CHCIl; was determined
using 2 mL CHCI;+0.5 M NaHCO;+K,S,05. Labile inor-
ganic P was determined using 0.5 M NaHCO; only. Micro-
bial P was determined by subtracting total labile P + CHCI;
P with total labile P. Total labile organic P was obtained by
subtracting labile inorganic P with total labile P. The ex-
tracts were filtered through a 0.2 mm membrane and P
concentrations were determined colorimetrically at 882 nm
based on the modified ascorbic acid procedure described by
Rodriguez et al.!"”]

3 Statistical analysis

One-way ANOVAs with post-hoc tests were conducted to
verify the differences in nutrient contents at all sampling
points. Tukey analysis was conducted to verify where the
differences were in all the physico-chemical data including
TOC, soil ammonia ( NH} -N), soil nitrate ( NOj -N), total
Kjeldahl N (TKN), extractable P, aluminum-bound P,
iron-bound P, occluded P, calcium-bound P, microbial P,
labile organic P, percentage of silt content and soil pH.
Missing data were then removed and the variable was re-
scaled for comparability. The sum of squares by number of
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clusters extracted was plotted and used to determine the
appropriate number of clusters. Ward’s method of hierar-
chical agglomerative clustering was used to group the sam-
pling points based on their physio-chemical properties.
Pearson’s correlation was conducted to determine the rela-
tionship among the parameters to the flora cover. All the
statistical analyses were conducted by using R statistic ver-
sion 2.15.1 GUI 1.52.

4 Results and discussion

Punta Fort William is low in terms of biotic coverage com-
pared with other areas on King George Island and other
islands within the maritime Antarctic”'®'"), The flora cover
in the area, predominantly consisting of mosses and lichens,
is low, ranging from 0.4% to 51%. A higher coverage of
mosses and lichen was found in the areas with higher bird
activities. The flora distribution is highly patchy and varies
from point to point. Table 2 lists the general soil properties
of the study area. The study area predominantly consisted
of rocks and pebbles and sand, and finer particles are gen-
erally <5%. Santana and Dumont reported the presence of
emerged pebble beach ridges in the study area!®!. There
was no clay-size particle fraction found in the soil samples
collected from the study area. The soil temperature meas-
ured during the fieldwork ranged from 1.9°Cto 14.6°C, al-
though the data may not represent the norm, it does reflect
the high temperature fluctuation in the field. The moisture
content of the soil, especially those samples collected after
a drizzle or those closer to melting ice, rivers and lakes,
should have higher moisture contents but owing to the
coarse particles in the area, water retention is very minimal.

Tables 3 and 4 show the nutrient contents of the study
area. In general, the level of nutrients in the soil is high
compared with other reports in the continental Antarc-
tic"*?%, but comparable to those reported in the maritime
Antarctic™!. The level of ammonia and extractable P is
high compared with most reports from the Antarctic.
Analysis of nitrite contents in the soil was attempted, but it
was too low to contribute to the N contents of the soil. The
soil C and N are locked in organic forms while the soil P is
mainly in the inorganic Ca-bound fraction in the study area
(Table 4). Phosphorus in this form (Ca-bound) is not di-
rectly available to organisms. The dominant Ca-bound frac-
tions indicate minimal weathering of P bearing source rocks
such as apatite and basalt. Similar trends have been re-
ported in other extreme environments such as the Antarctic
valleys™® and hot deserts’®™. The average amount of ex-
tractable P in the study area was higher than those reported
from cold deserts™™*%). This is probably because of the geo-
graphical location of the study area. Extractable P, which is
readily available to organisms, was low in the study area as
in other maritime Antarctic areas. The average concentra-
tions of extractable P in the soil of Punta Ambato, Dee Is-
land and Greenwich Island, were 3.34, 17.96 and 19.94
mgkg”, respectively. The level of labile organic P and mi-
crobial associated P was much lower than the inorganic
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organic P were 5.91 mg'kg” and 13.6 mgkg”, respectively
in the study area.

fraction and the distribution showed a very patchy trend.
On average, the levels of microbial-associated P and labile

Table 2 Basic characteristics of the soil samples in the study area. Particles >2 mm were disregarded

Station Temperature/'C pH Moisture/% Flora coverage/% Sand/% Silt/%
GiT1 0 13.6 6.19 5.70 bdl 92.6 7.4
GiT1_105 8.2 5.74 19.8 0.60 92.3 7.7
GiT1_205 10.4 5.77 6.80 51.2 84.8 15.2
GiT1_500 12.5 5.74 10.4 49.0 95.2 4.8
GiT1-600 8.9 5.66 17.2 0.60 97.9 2.1
GiT1-700 5.7 7.12 15.1 bdl 64.4 35.6
GiT1_800 14.6 6.14 9.70 18.2 78.0 22.0
GiTl1 910 8.8 6.30 18.8 bdl 82.7 12.3
GiT1 972.5 6.2 6.55 19.2 bdl 93.7 6.3
GiT4 0 9.1 5.51 4.30 18.4 92.5 7.5
GiT4_100 6.2 5.71 5.30 bdl 97.5 2.5
GiT4_200 4.3 5.73 7.40 2.50 87.6 12.4
GiT4_300 7.3 6.66 222 2.40 922 7.8
GiT4 400 3.8 5.73 9.30 8.50 94.5 5.5
GiT4 500 7.3 5.47 4.40 33.0 99.9 0.1
GiT4_600 52 5.68 10.8 bdl 94.2 5.8
GiT4_700 4.1 5.66 15.1 11.5 88.8 11.2
GiT4_800 4.5 5.89 12.2 7.20 98.4 1.6
GiT4 900 5.0 6.10 10.1 27.5 85.0 15.0
GiT4 1000 53 6.19 5.70 bdl 93.9 6.1
AMP-1 6.2 5.75 - 57.0 90.8 9.2
AMP-3 5.0 5.41 - - 96.4 3.6
AMP-6 4.1 5.20 23.0 45.0 83.7 16.3
DIT2-0 5.4 5.58 - - 76.6 234
DIT2-140 9.3 5.72 10.3 bdl 93.0 7.0
DIT2-190 9.9 5.64 6.80 bdl 87.5 12.5
GI-1 1.9 5.51 14.3 - 70.6 29.4
GI-4 4.1 5.89 10.9 2 93.8 6.2
GI-8 9.5 5.73 134 bdl 93.7 6.3
Note: (-) indicates data not available, (bdl) indicates below detection limit.
Table 3 TOC, ammonia, nitrate and TK contents of the study area
Station TOC/% NH -N/(ug'g™) NO;3 -N/(ug'gh TKN/%
GiT1 0 0.35+0.00 2.16+0.38 4.56+0.02x107 0.029+0.001
GiT1_105 0.20+0.00 1.54+0.20 3.03£0.00%107 0.030+0.003
GiT1 205 0.41+0.01 1.17+0.14 2.45+0.01x1073 0.014+0.000
GiT1_500 0.56+0.02 2.10+0.12 2.85+0.00x1073 0.025+0.001
GiT1-600 0.64+0.01 2.40+0.17 3.19+0.01x107 0.021+0.001
GiT1-700 0.18+0.08 1.71+0.08 bdl 0.012+0.002
GiT1_800 0.42+0.09 1.80+0.17 2.38+0.01x1073 0.006+0.001
GiT1 910 0.11+0.00 1.31+0.09 bdl 0.046+0.001
GiTl1 972.5 0.03£0.05 1.18+0.11 bdl 0.050-0.000
GiT4 0 1.00£0.11 2.34+0.11 5.42+0.03x107 0.039+0.002
GiT4_100 0.54+0.02 2.57+0.04 2.06+0.01x1073 0.024+0.001

(To be continued on the next page)
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(Continued)

GiT4 200 0.64+0.02 2.11+0.18 3.33+0.03%107 0.006+0.001
GiT4 300 0.36+0.00 3.19+0.44 3.04+0.02x107 0.034+0.002
GiT4_400 0.41+0.01 2.15+0.07 3.05+0.04x107 0.017+0.002
GiT4_500 0.78+0.02 2.46+0.33 3.28+0.01x107 0.048+0.001
GiT4_600 0.30+0.03 1.46+0.07 2.66+0.04x1073 0.015+0.001
GiT4_700 0.58+0.01 1.82+0.13 4.10£0.02x1072 0.027+0.001
GiT4_800 0.87+0.10 2.32+0.09 5.02+0.05x107 -

GiT4_900 1.56+0.07 3.08+0.55 5.54+0.02x107 0.054+0.001
GiT4_1000 0.74+0.02 1.61+0.28 3.44+0.03%107 0.010+0.001
AMP-1 0.05+0.00 1.16+0.07 bdl 0.016+0.000
AMP-3 0.04+0.01 0.87+0.03 bdl 0.017+0.000
AMP-6 0.38+0.01 5.16+0.61 0.34+0.00x107 0.033+0.001
DIT2-0 0.20+0.00 0.52+0.02 0.18+0.00x107? 0.014+0.001
DIT2-140 0.62+0.01 1.14+0.05 0.21£0.00x107 0.019+0.000
DIT2-190 0.40+0.02 1.51+0.07 0.19+0.00x1073 0.014+0.001
GI-1 0.39+0.01 4.02+0.30 0.28+0.00x1073 0.023+0.002
GI-4 0.33+0.02 3.14+0.02 0.21+0.00x1073 0.017+0.001
GI-8 0.75+0.11 2.85+0.09 0.19+0.00x1073 0.007+0.000

Note: (-) indicates data not available while (bdl) indicates below detection limit. Values are mean+tstandard deviation on three replicates.

Table 4 Soil inorganic P, microbial associated P and labile organic P in the study area

Extractable P Al-Bound P Fe-Bound P Occluded P Ca-Bound P Microbial P Labile organic P

/(mg-kg™") /(mg-kg™") /(mg-kg'") /(mg-kg'") /(mg-kg") /(mg-kg'") /(mg-kg'")

GiTl1 0 2644+751  45.69+1.94  106.09+1.08 1.96:0.80  8.6314.75  13.63+2.35 22.45+1 21
GiT1 105 0.73£0.00 114724857 105.93+1327  11.0045.50 285.53+2.33 1.20+0.58 10.2+0.35
GiTl 205 1014116 134.62+1.65 215.3242.25 19.56£9.26  293.80+6.92 bdl 12.26+0.53
GiT1 500 0.96+0.16  193.9842.98  223.86+2.52 2356330  261.04+3032 435113 13.14+2.31
GiT1-600 1254018 261.5544.99  322.06+6.96 16.1410.19 283484486  10.81+0.21 14.84+1.20
GiT1-700 29174972 3837025  33.230.76 26584972 19.96+11.35 bdl 9.91+3.45
GiT1 800 87.16£62.26  84.28+0.78  113.29+2.24 3626+1.56  11.62+10.17  0.38+0.13 7254347
GiT1 910 75.06£50.72 44224250 7526236 6124+41.86  7.77+1.06 8.1143.65 11.04+5.73
GiTl 972.5 0.85£0.00  33.5241.57  34.94+7.68 33.8143.40  320.90+9.38 bdl bdl
GiT4 0 3114031  146.04£1.51  152.62419.53  17.35:040 410.93%5.13 3.8140.68 15.82+1.00
GiT4 100 14.64+0.00 10027134  106.83+2.60 2774048  3.20+1.76 bdl 19.76+0.49
GiT4 200 0.54+0.11 121324090  174.47+5.86 2229+1.50  302.73+11.18 bdl 14.94+6 81
GiT4 300 33.95+13.58  54.81+1.00 103.23+1.32 0.88+0.57  6.99+4.28 0.7+0.02 15.44+4.82
GiT4 400 46.58+24.40  61.83+034  122.61£1.50 221£0.18  7.48+9.51 1.6+0.33 19.99:0.48
GiT4 500 13840.00  122.54+021  204.15+3.65 17242.67  310.78+1.73 bdl 11.75£0.07
GiT4 600 2481£643  6636:0.44  143.14+4.58 1.58+0.88  5.73+3.15 5114061 17.171.85
GiT4 700 1.1340.06  167.46+2.23  241.65+037 14.4843.37  275.55+4.66 1.5740.23 11.23+0.49
GiT4 800 0.61£0.12  221.99+1.19  224.72+3.01 15448.61  284.99+327 6.82+0.70 14.15£0.29
GiT4 900 0.68£0.12  241.26+3.61 217.96+9.81 4.17+0.66  267.82+3.28 6.35+0.70 18.55:0.41
GiT4 1000  2626£7.50 28354047  89.72+0.94 305141028 3.75+1.55 bdl 25.93+0.46
AMP-1 1.96+0.16  54.7243.69  82.15+12.90  15.65:1.71  3302146.86  16.72+3.29 14.740.15
AMP-3 356+0.12 49794183  65.9849.15 9.67+029  343.49+7.22 3.06+0.68 11.090.31
AMP-6 449£021 10107336  118.13.52 17.8242.37  330.20+4.29 3.67+1.50 5.8+1.35
DIT2-0 29144971 20.02+0.45 1.5940.36 24244623 7.28+9.41 bdl 12.0120.59
DIT2-140 0.97+0.19  102.47+2.12  118.82+8.44 9.612420  237.39+9.13 bdl 14.57+0.90
DIT2-190 4044+19.03  6032+1431  86.48+1.54 128+0.08  16.63+3.64 bdl 11.53+0.33
GI-1 465009  127.46:038  138.23+0.84 14.76£0.30  363.4147.37 bdl 2.27+0.84
Gl-4 7429+60.88 138.26+132  122.45+1.29 169+0.18  424.48+18.41  1.98+0.19 5.86+0.33
GI-8 338£0.10  134.67+3.72  114.4+2.56 15154023  389.38+12.65  8.31+0.52 18.75+0.19

Note: (bdl) indicates below detection limit. Values are mean=+standard deviation on three replicates.
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Ward’s method of hierarchical agglomerative cluster-
ing was used to group the soil samples based on their phys-
ico-chemical parameters including TOC, soil ammonia
(NHj -N), soil nitrate (NO3 -N), TKN, extractable P, alu-
minum-bound P, iron-bound P, occluded P, calcium-bound P,
microbial P, labile organic P, percentage of silt content and
soil pH. Based on the plot of the within group sum of
squares by the number of cluster extracted, the soil samples
from the Punta Fort William area can be grouped into three
clusters. Figure 2 shows the hierarchical agglomerative
clusters. The first cluster (AMP-6, GiT4 900, GiT4 0, GI-8,
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GiT1-600, GiT1 205, GiT1 500 and GiT4 700) is sam-
pling points with higher flora cover and close to bird nest-
ing. The second cluster (GiT1 900, GiT1 800 and GI-4) is
sampling points located on newly exposed ground previ-
ously covered by the Quito Glacier. The third cluster
(AMP-1, GiT1 105, AMP-3, GiT4 400, GiT4 600,
GiT1 0, GiT4 300) is sampling points on raised ridges,
which are mainly drier and on mainly barren ground with
low biological activities. Nevertheless, there is no positive
Pearson correlation between the percentage of flora cover
and the nutrients analyzed in this study.

Cluster dendrogram
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Figure 2 Hierarchical agglomerative clustering by Ward’s method. The red borders on the dendrogram indicate the samples clusters.

Punta Fort William presents an interesting area where
a small headland is packed with emerged pebble beach
ridges. The melt water from the Quito Glacier has driven
moss growth in the area. The nutrient content of the area is
slightly higher than those reported from the continental
Antarctic. Further research is needed to understand the nu-
trient cycles and dynamics in the maritime Antarctic as well
as the biotic-abiotic interactions in the ecosystem!'”. With-
out a vast database of soil nutrients, future changes in the
terrestrial environment are unlikely to be accurately pre-
dicted.
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