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Abstract: In this study, we determined carbon allocation and carbon stocks in the plant-soil system of different
dune ecosystems in northeastern China. We quantified the species composition, above- and below-ground bio-
masses, and carbon stocks of three dune types (i.e. active dunes, semi-stabilized dunes and stabilized dunes) and
their corresponding inter-dune lowlands (i.e. interdune lowlands of active dunes, interdune lowlands of
semi-stabilized dunes and interdune lowlands of stabilized dunes) in the Horgin Sandy Land. The results showed
that the succession series on interdune lowlands of the Horgin Sandy Land confirmed differences in species com-
position of the various dune types. Aboveground carbon (AGC) on the interdune lowlands of semi-stabilized dunes
(33.04 g C/m? was greater (P<0.05) than that on the interdune lowlands of active dunes (10.73 g C/m?). At the
same time, the different dune types did not show any significant differences (P>0.05) in belowground plant carbon
(BGC). However, the percentage of plant BGC in interdune lowlands of active dunes (81.5%) was significantly
higher (P<0.05) than that in the interdune lowlands of semi-stabilized dunes (58.9%). The predominant carbon pool
in the study dune ecosystem was in the soil. It accounted for 95% to 99% of total carbon storage. Soil organic
carbon (SOC) was at least 55% greater (P<0.05) in the interdunes than in the dunes. Stabilized dunes showed at
least a 37% greater (P<0.05) SOC content than active dunes up to a 1-m soil depth. Meanwhile, SOC content of
interdune lowlands of semi-stabilized dunes was greater (P<0.05) than that of interdune lowlands of active dunes
only up to a 20-cm soil depth. The dune ecosystem showed a great potential to store carbon when interdune
lowlands of active dunes were conversed to interdune lowlands of semi-stabilized dunes, which stored up to twice
as much carbon per unit volume as interdune lowlands of active dunes.
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The landscape of sand dunes is widely distributed in
the world, covering 6x10° km® of the world’s land
surface (Tropek et al., 2013). Eighty five percent of
this surface is located in arid, inland regions of conti-
nents, and 15% along the banks of seas or rivers in
humid regions (Tropek et al., 2013). Because of the
importance of sand dunes in regulating the nutrient
and carbon cycles, there was much interest in estimat-
sand dunes

ing plant biomass in the world’s
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(Southgate et al., 1996; Renzhong et al., 2001; Emery
and Doran, 2013). However, human activities (e.g.
overcropping and deforestation) have contributed to
desertification and degradation of these fragile sand
dune ecosystems (Karl and Trenberth, 2003; Li et al.,
2012).

Topographic depressions between dunes (i.e. inter
dune lowlands) serve as “vegetation islands”, which
contribute significantly to the dynamic equilibrium of
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partly vegetated dune fields (Liu et al., 2007). In fact,
the habitat of interdune lowlands is more stable, and
hardly interrupted by external factors, compared to
that of dunes (Katoh et al., 1998; Wu et al., 2003).

Previous studies have paid more attention to carbon
storage in dunes than that in interdune lowlands (Xie
and Steinberger, 2005; Lu et al., 2012). Some studies
had focused on interdune lowlands to determine soil
seed bank (Zhai et al.,, 2009), appropriate grazing
management (Katoh et al., 1998) and ecological res-
toration (Gang et al., 2012). However, carbon stock
and species composition and diversity have been
largely ignored in different interdune lowlands, (i.e. IL;
e.g. interdune lowlands of active dunes, interdune
lowlands of semi-stabilized dunes and interdune low-
lands of stabilized dunes). Understanding the effect of
interdune lowlands on carbon storage might provide a
new insight into the effects of sand dune restoration in
the global carbon cycle (Li et al., 2005; Miyasaka et
al., 2011).

This study was carried out on both dunes and in-
terdune lowlands in the Horqin Sandy Land of north-
eastern China for determining: 1) the extent which
interdune lowlands affect species composition and
diversity; 2) the differences of plant carbon allocation
between dunes and interdune lowlands; and 3) the
contribution of interdune lowlands to total carbon
storage (plant-soil system) within the scope of dune
restoration.

1 Materials and methods

1.1 Studyarea

This study, conducted within an 8 to 10-year-exclo-
sure to cultivation and herbivory grazing, was carried
out in southwestern Horqin Sandy Land, Inner Mon-
golia, China (42°56'—43°20'N, 119°29'-119°41'E; 428
to 494 m asl). The study area is characterized by sand
dunes alternating with interdune lowlands, where
overgrazing and extensive deforestation are the major
factors leading to desertification (Kosmas and Dana-
latos, 1994).

The study area is characterized by a combination of
temperate, semiarid and continental monsoonal cli-
mate. Average annual precipitation is 340 mm, with

70%—80% of it occurring between May and Septem-
ber. Annual mean open-pan evaporation is approxi-
mately 1,935 mm. The annual temperature averages
approximately 6.4°C, with minimum or maximum
mean monthly values in January (—13.1°C) or July
(23.7°C), respectively. The annual mean wind velocity
is in a range of 3.2 to 4.1 m/s, and the prevailing
winds come from the northwest in winter and spring,
and the southwest to south during summer and autumn
(Zhang, 2004).

1.2 Experimental design

Samples were taken in mid-August 2010. The timing
of sampling was similar to that of Li et al. (2005) in an
area similar to ours. In the study region, three types of
sand dunes (active dunes, semi-stabilized dunes, stabi-
lized dunes) were selected, where additional interdune
lowlands (interdune lowlands of active dunes, inter-
dune lowlands of semi-stabilized dunes and interdune
lowlands of stabilized dunes) were also chosen (Fig.
1). For each dune group, (e.g. active dunes and its
corresponding interdune lowlands), six plots (500
mx500 m) at least 2 km apart from each other were
randomly established. In each plot, three subplots with
an area of 1 mx1 m were set on each dune and its in-
terdune lowland (Fig. 1). All aboveground plants were
harvested close to the soil surface and species richness
and biomass were recorded within each subplot.
Meanwhile, three replicates of soil samples were taken
with a 7-cm diameter soil auger at 0-10, 10-20, 2040,
40-60, 60-80 and 80-100 cm soil depths, after the
standing litter was collected. Away from 0.5-1.0 m
nearby the soil samples were obtained, we dug another
pit to a 1-m soil depth using spades and collected
roots at each soil layer. Roots were collected follow-
ing Ping et al. (2010).

Root and soil samples were transported to the la-
boratory, where soils were removed from roots after
washing them manually with deionized water until
thoroughly cleaned. Aerial shoots, litter and roots
were oven-dried at 75°C to constant weight (i.e. ap-
proximately 72 h), and then weighed. Soil samples
were air-dried and thereafter sieved (2-mm mesh) to
remove roots and other debris. For each soil sample,
one sub-sample was 105°C for
determining the gravimetric soil moisture and soil bulk

oven-dried at
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Fig. 1 The schematic diagram of sampling plots and experimental design on Horgin Sandy Land. The symbols are the same as in Figs.

2,4 and 5.

density following Brown (1995). The remaining soil
sample was ground to pass 0.15-mm sieve and it was
then analyzed for soil organic carbon by the dichro-
mate oxidation method of Walkey and Black (Nelson
and Sommers, 1996).

Species diversity was calculated using the Simp-
son’s Diversity Index (D) as:

D:l—i(}g)z. (D
i=1

Where P; is the proportion of the i" species in the
community containing s species (Simpson, 1949).
This index represents the probability that two indi-
viduals randomly selected from a sample will belong
to different species. The proportion (i.e. percentage) of
each species biomass within each sample plot was
first calculated with respect to the total biomass con-
tribution of all species within that plot. This propor-
tion was then expressed as a fraction (i.e. P) to use it
in the formula of the Simpson’s Diversity Index.

Carbon storage in plants was expressed as:
B'=Bx45%. 2)

Where B' is carbon in the plant biomasses of the
aboveground, belowground and litter components
(g C/ecm?), and B is the dry weight of the biomass
samples (Crutzen and Andreae, 1990).

Soil organic carbon (SOC) was calculated follow-
ing Tian et al. (2009):

SOC, =) S0C; = C,D,E(1-G;)x100.  (3)
Where SOC, is the total value of soil organic carbon
storage (g C/mz); C; is the concentration of soil or-
ganic carbon at the soil depth i (%); D; is the soil bulk
density (g/cm’); E; is the thickness of soil layers (cm);
G; is the portion of gravel whose diameter is greater
than 2 mm (%).

1.3 Satistical analysis

In this paper, a dune and its interdune lowland were
considered as a group. For example, the active dune
group was represented by the active dune and its in-
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terdune lowland. Species composition was analyzed
by detrended correspondence analysis (DCA). DCA
was performed by Canoco (version 4.5, Canoco,
Netherlands). Data were analyzed using one-way
analysis of variance. Analysis was performed using a
windows-based SPSS software (version 13, SPSS,
Chicago, IL, USA) at a significant level of P<0.05.
Differences among groups were compared using the
LSD test (Steel and Torrie, 1960).

2 Results

2.1 Speciescomposition and diversity

According to DCA analysis, the first two DCA axes
explained 93.4% and 68.3%, respectively, of the vari-
ability in the active dune groups, 70.3% and 38.0%,
respectively, of the variability in the semi-stabilized
dune groups, and 53.5% and 25.6%, respectively, of
the variability in the stabilized dune groups (Fig. 2).
Samples from active dunes (Al to A6) showed a dis-
tinct cluster, having Agriophyllum squarrosum (L.)
Mogq. (AsriSqua) as the dominant species. There was
no single dominant species in plots corresponding to
the interdune lowlands of active dunes (Fig. 2a; Table
1). Corispermum stauntonii Moq. (CoriStau) and
Pennisetum centrasiaticum Tzvel. (PennCent) showed
a high affinity for interdune lowlands of semi-stab-
ilized dune, whereas Calamagrostis epigejos (L.) Roth
(CalaEpig), Cyperus fuscus L. (CypeFusc) and Setaria
viridis (L.) P. Beauv (SetaViri) showed a high affinity
for interdune lowlands of stabilized dunes (Fig. 2b).
As the arrows for the groups of S1/S2, S3/54, S5/S6
met nearly at right angles, these groups were predicted
to have a low correlation (Fig. 2¢). Nevertheless, the
community of the interdune lowlands of semi-stabili-
zed dunes showed a higher affinity, having Chenopo-
dium acuminatum Willd. (ChenAcum), Corispermum
stauntonii Moq. (ChriStau). and Setaria viridis (L.) P.
Beauv. (SetaViri) as the dominant species.

Stabilized dunes showed a greater (P<0.05) species
diversity than that of semi-stabilized dunes and active
dunes (Fig. 3). Interdune lowlands of stabilized and
semi-stabilized showed a similar (P>0.05) species
diversity (Fig. 3). However, their values were greater
(P<0.05) than those of the interdune lowlands of active
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Fig. 2 Detrended correspondence analysis (DCA) of different
treatments, where “A” represents active dunes (A) and interdune
lowlands of active dunes (ILA) , “B” represents semi-stabilized
dunes (SS) and interdune lowlands of semi-stabilized dunes
(ILSS), “C” represents stabilized dunes (S) and interdune low-
lands of stabilized dunes (ILS). Species abbreviations (see Table 1)
are nearby grey symbols; A refers to plots of dunes or interdune
lowlands. The solid lines point to dune types and the dashed lines
point to their corresponding interdune lowlands from the coordinate
origin. The horizontal and vertical axes are virtual axes which only
point to possible variables.

dunes (Fig. 3). The diversity index was higher (P<0.05)
on the interdune lowlands than on dunes of the active
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Fig. 3 Variation of the Simpson’s Index of Diversity among the
treatments. Each value is the meantSE of n=18. Different
uppercase letters above histograms indicate significant
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dune groups. Lowercase letters show significant differences
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and semi-stabilized dunes (Fig. 3). However, no sig-
nificant (P>0.05) differences were found between the
interdune lowlands and the stabilized dunes (Fig. 3).

2.2 Plant and soil carbon in different dunes and
interdune lowlands

No significant differences (P>0.05) were found in the
AGC and BGC between the semi-stabilized and stabi-
lized dunes (Table 2). These values were greater
(P<0.05) than those showed in active dunes

(AGC=1.20+0.72 g C/m*; BGC=4.12+7.12 g C/m’).
Percentage contribution of the AGC (2.04%) and BGC
(3.30%) to total carbon storage was higher in the
semi-stabilized dunes than in the active and stabilized
dune types (Table 2). Carbon on litter was significant-
ly higher (P<0.05) on the stabilized dunes than on the
semi-stabilized and active dunes (Table 2). The trend
in the content of SOC (P<0.05) was stabilize
dunes>semi-stabilized dunes>active dunes (Table 2).

Aboveground- and litter-carbon (LC) contents were
significantly greater (P<0.05) on the interdune low-
lands of stabilized dunes than on the interdune low-
lands of active dunes (Table 2). Belowground carbon
content, however, was similar (P>0.05) among the
three kinds of interdune lowlands (Table 2). Soil or-
ganic carbon was similar (P>0.05) in the interdune
lowlands of stabilized dunes and interdune lowlands
of semi-stabilized dunes (Table 3). These values,
however, were greater (P<0.05) than those in the in-
terdune lowlands of active dunes (Table 3).

The trend in total carbon storages for different
dunes (P<0.05) was stabilized dunes>semi-stabilized
dunes>active dunes (Table 2). Interdune lowlands
showed a similar (P<0.05) total carbon storage in the
stabilized dunes and semi-stabilized dunes (Table 3).
These values, however, were greater (P<0.05) than
those in interdune lowlands of active dunes (Table 3).

Table 2 Carbon storage of three different dune types

Plant carbon content (g C/m?)

SOC content Total carbon storage

Treatment GO BGC c (g C /mz) (gC /mz)
A 1.20+0.72° 4.12+7.12° 0.86+0.40° 511.94+94.58° 518.13+96.14°
SS 22.66+23.83® 36.74+26.00° 9.47+10.51° 1,043.77£304.52° 1,112.64+287.71°
S 26.424£26.29° 48.56+17.39° 21.46+8.29° 2,174.16+735.96 2,270.60+747.24°

Note: Each value is the mean+SE of n=18. Different letters in the same column indicate significant differences (P<0.05) among different dune types. AGC,
aboveground carbon; BGC, belowground carbon; LC, litter carbon; SOC, soil organic carbon. A, active dunes; SS, semi-stabilized dunes; S, stabilized dunes.

Table 3 Carbon storage of three different interdune lowlands

Plant carbon content (g C/m?)

SOC content Total carbon storage

Treatment

AGB BGB LC (g C/m’) (g C/m?)
ILA 10.73+5.38° 55.71£24.57° 11.15+6.21° 2,125.50+£827.69" 2,203.09+818.92°
ILSS 19.34+13.79% 80.07+95.46" 25.50+13.53% 4,396.68+1593.63" 4,521.58+1566.17"
ILS 33.04+17.86° 45.72+15.70° 38.50+17.17° 4,261.06+1304.53" 4,378.32+1328.25

Note: Each value is the mean+SE of n=18. Different letters in the same column indicate significant differences (P<0.05) among interdune lowlands on each of
the different dune types. AGC, aboveground carbon; BGC, belowground carbon; LC, litter carbon; SOC, soil organic carbon; ILA, interdune lowlands of active
dunes; ILSS, interdune lowlands of semi-stabilized dunes; ILS, interdune lowlands of stabilized dunes.
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The contribution of soil C to total C storage in the
plant-soil system was greater than 93% in all dunes
and its corresponding interdunes (Tables 2 and 3).
This is, most of the C in the plant-soil system was in
the soil as organic carbon (Tables 2 and 3).

The different dune types (active dunes, semi-stabi-
lized dunes and stabilized dunes) did not show signif-
icant differences (P>0.05) in the partitioning of nei-
ther BGC nor AGC (Fig. 4). However, BGC was sig-
nificantly greater (P<0.05) in the interdune lowlands
of active dunes (81.5%) than in the interdune lowlands
of stabilized dunes (58.9%), while AGC was signifi-
cantly greater (P<0.05) on the interdune lowlands of
stabilized dunes than on the interdune lowlands of
active dunes (Fig. 4).
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Fig. 4 Percentage of aboveground- or belowground-carbon to
total plant carbon (excluding litter) for each dune type and its
corresponding interdune lowland. Each value is the meantSE for
AGC, and the mean for BGC, of n=18. Different letters above
histograms indicate significant differences (P<0.05) in both AGC
and BGC among either dune or interdune lowland types.

2.3 Distribution of carbon at different soil depths

Interdune lowlands tended to have a greater SOC than
all studied dune types (Fig. 5). Stabilized dunes
showed a higher (P<0.05) SOC than active dunes in
all soil depths (Fig. 5). Even more, semi-stabilized
dunes had a greater (P<0.05) SOC than active dunes
at 40-80 cm soil depth (Fig. 5). Interdune lowlands of
stabilized and semi-stabilized dunes showed a greater
(P<0.05) SOC than that of the interdune lowlands of
active dunes up to a 20-cm soil depth (Fig. 5). There-
after, no significant differences (P>0.05) were found
between the interdune lowlands of all dune types at
40-100 cm soil depth (Fig. 5).
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Fig. 5 Soil carbon storage at different soil depths for different
dune types or their interdune lowlands. Each value is the
meanzSE of n=18. Within each soil depth for dune types or their
interdunes, different letters indicate significant differences at
P<0.05.

OILA OILSS WILS

3 Discussion

3.1 Speciescomposition and diversity

Earlier pioneer species are the first to colonize the
bare ground and the habitats are with very poor soils,
and are more sensitive to environmental changes
(Santoro et al., 2011). These pioneer species are pro-
gressively replaced as succession proceeds, and create
opportunities for the appearance of later-successional
species (Swaine and Whitmore, 1988; Cheesman and
Winter, 2013). In our study, active dune was charac-
terized by the pioneer species Agriophyllum squar-
rosum (L.) Moq., which is consistent with previous
studies (Zhang et al., 2005; Zuo et al., 2008). However,
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some studies on dune ecosystems have identified dif-
pioneer
Corynephorus canescens in the northern upper Rhine
Valley of Germany (S et al., 2004). As active dunes
transformed to stabilized dunes, later’s successional

ferent communities, such as that of

species such as Chenopodium acuminatum Willd
(Huang et al., 2012) and Setaria viridis (L.) P. Beauv.
in stabilized dunes, or Corispermum mongolicum ljin,
Chenopodium acuminatum Willd and Setaria viridis
(L.) P. Beauv. in interdune lowlands of stabilized
dunes, appeared as dominant species.

The similarity of distribution among the samples
presumably reflects the similarity in their ecological
responses (Braak, 1989; Gilliam and Saunders, 2003).
The succession series of interdune lowlands in the
Horqin Sandy Land showed differences in species
composition with the dune types (Fig. 2). At the be-
ginning of primary succession, species composition of
active dunes was generally uniform, whereas inter-
dune lowlands of active dunes produced a similar spe-
cies composition except for one plot (interdune low-
lands of active dunes). In the middle of the succession
period, both stabilized dunes and interdune lowlands
of semi-stabilized dunes contributed a wider range of
species composition. Moreover, in the later succession
period, species composition of interdune lowlands of
semi-stabilized dunes demonstrated a stable situation,
while great differences were found in stabilized dunes
(from S1 to S6). Many factors seem to be involved in
dune succession, such as vegetation heterogeneity,
nutrient flux and retention and seedling establishment
(Morrison and Yarranton, 1974; Kellman and Roulet,
1990; Santana et al., 2012).

The belief that natural ecosystems become more
diverse and more stable with time after a disturbance
is widely accepted and regularly repeated in many
studies (Orians, 1975; Jactel et al., 2005; Isermann,
2011). In our study, the species diversity showed the
following trend: stabilized dune (D=0.55)>semi-stab-
ilized dune (D=0.30)>active dune (D=0.07). The fact
that the habitat of interdune lowlands is more stable
and rarely constrained by environmental factors,
compared to that of dunes (Katoh et al., 1998; Wu et
al., 2003) might help to explain that interdune low-
lands of semi-stabilized dunes and interdune lowlands
of stabilized dunes showed a similar species diversity.

3.2 Plant and soil carbon in different dunes and
interdune lowlands

Soil carbon storage is widely studied in the fields of
biodiversity protection and ecological restoration
(Bonan et al., 1992; Melillo et al., 1993; Kramer et al.,
2012). Carbon contained in terrestrial soil has been
reported to be almost twice or even three times as
much as that in plants (Post and Kwon, 2000). Ac-
cording to our study, the percentage of soil carbon in
dune ecosystems with respect to total carbon in the
plant-soil system was even higher, contributing the
lowest of 93.81% in stabilized dunes and the highest
of 98.81% in active dunes (Table 2). Soil carbon of
interdune lowlands contributed more than 96% of the
total carbon pool (Table 3). Belowground carbon con-
tributed with the highest proportion among the studied
plant components. Xiao et al. (2007) reported that the
increased addition of particulate organic matter be-
lowground (and the associated nutrient release) had a
large effect on soil microbial biomass and activity,
largely affecting plant growth. They suggested that the
response of plant productivity to that addition might
indicate that plant productivity is primarily limited by
nutrients and not by water, while microbial activity is
energy-limited, in the semiarid grassland ecosystems of
northern China.

Stabilized and semi-stabilized sand dunes account
for 70% of the entire sand dunes in northern China
(Zhang et al., 2012). Thus, it is important to study the
carbon stocks of the two sand dune types (Elbert et al.,
2012; Kabuyah et al., 2012). When active dunes are
converted to semi-stabilized or stabilized dunes, in-
terdune lowlands of active dunes will also be trans-
formed to interdune lowlands of semi-stabilized dunes
or interdune lowlands of stabilized dunes, respectively.
In Horqin Sandy Land, when active dunes were con-
verted to stabilized dunes, the carbon storage of dune
ecosystems included two parts: (1) active dunes
(518.13 g C/mz) would be transformed to stabilized
dunes (2,270.60 g C/mz), and (2) interdune lowlands
of active dunes (2,203.09 g C/mz) would be trans-
formed to interdune lowlands of stabilized dunes
(4,37832 ¢ C/mz), which produced 8 times the carbon
storage of active dunes. Therefore, for the estimation
of carbon storage in dune ecosystems, it is imperative
to take into account not only the study dune types, but
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also their associated interdune lowlands. Also, Zheng
et al. (2004) reported that soil physical-chemical
characteristics and soil fertility overall, increased
when shifting dunes (i.e. active) were converted to
stabilized dunes in the Tengger Desert of China.

The greater belowground than aboveground plant
carbon in all study environments (Tables 2 and 3)
might be an evolutionary strategy that allows these
plants to establish and survive under hostile environ-
ments (Duarte et al., 1998; Jassey et al., 2013). Some
studies suggested that plants on active dunes may dis-
play a higher proportion of belowground carbon when
they are exposed to wind erosion (Brown, 1997;
Bessler et al., 2009). Our study, however, indicated
that the percentage of belowground plant carbon
showed no significant differences among the different
dune types (Fig. 4). On the contrary, the percentage of
belowground carbon in the interdune lowlands of
active dunes contributed the highest among the
different interdune lowlands: the belowground carbon
proportion was significantly higher in the interdune
lowlands of active dunes than in the interdune
lowlands of stabilized dunes or interdune lowlands of
semi-stabilized dunes. Luo et al. (2014) found that
discrete components of root exudates affected soil
differently,
sponses to root exudates in soils with low carbon con-

physical-chemical conditions and re-
tents can differ from those in normal soils. Their re-
sults indicated a potential for acid root exudates to
decrease decomposition rate of soil organic matter in
low carbon soils, which is of interest for both soil res-
toration and carbon sequestration. These results might
help to explain the similar or greater plant below-
ground carbon proportions in the active dunes than in
the stabilized dunes of the study dune ecosystem.

3.3 Carbon distribution at different soil depths

The distribution pattern of soil carbon can be a key
element in shaping nutrient flows in dune ecosystems,
and its identification is relevant for understanding
degradation processes in these areas (Jobbagy and
Jackson, 2000). The content of SOC was consistently
greater in the stabilized dunes than in the active dunes
up to a 1-m soil depth. Our results are somehow simi-
lar to those of Wang et al. (2006), who reported that

the carbon content was 66% greater in non-degraded
than in degraded soils in northern China. On the other
hand, interdune lowlands of stabilized dunes showed a
greater SOC content than that of interdune lowlands
of active dunes only up to a 20-cm soil depth, and it
was extended up to a 40-cm soil depth when SOC was
greater on interdune lowlands of semi-stabilized dunes
than on interdune lowlands of active dunes.

Soil organic carbon was lower in all dune types
than in their interdune lowlands. These results are in
agreement with those of Zheng et al. (2004), who
showed that the accumulated amount of organic mat-
ter and various soil nutrients were higher in interdune
depressions than in their surrounding dunes.

4 Conclusion

Our study provided further evidence that the semi-arid
dune ecosystems in China, where the soil was the ma-
jor carbon pool, provided more carbon stock per unit
area when dunes were converted from active to stabi-
lized. The greater carbon content in interdune low-
lands compared with their associated dunes highlights
the importance of studying the interdune lowlands
when estimating soil carbon storage in dune ecosys-
tems.
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