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Abstract: Many nature reserves have been established for conserving forests throughout the world. Crea-
ting a buffer zone around a core area is often suggested, but determining the width of the buffer zone is a
challenge. The soil seed bank is an important indicator for the restoration capacity of a degraded vegeta-
tion ecosystem. This could be useful for designing nature reserves. According to the restoration potential
and similarity index of seed banks of some sites with different distances from the core zone, the minimum
width of a buffer zone can be determined. Different samples, outside of the core zone, with a different
distance from the boundary of the core zone were chosen. Analysis of variance was used to analyze spe-
cies, seedling and seed banks among different samples, the Sorensen’s similarity index was calculated.
Based on a field survey, the buffer zone of the open-forest nature reserve in Hunshandak Sandland, China
has been designed. The minimum width of buffer zone should be 300 m in lowland, 600 m in shifting
sandy dunes, and 1 000 ~1 200 m in fixed and semi-fixed sandy dunes. Seed bank approaches will be
useful for determining the buffer zone width of the forest nature reserve and can be applied and extended
to the other nature reserves which aim at preserving endangered species/ecosystems and their habitats.
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The world’s forests are lost at an estimated annual
rate of 14. 6 million ha'''. Between 1990 and 2000, a-
bout 2.3 million ha of forests in Southeast Asia were
cleared every year and changed to other forms of land
use *). Nature reserve is an effective approach to con-
serve forests throughout the world. The nature reserve,
created by UNESCO’s Man and the Biosphere Program
(MAB) , includes delineation of core zone surrounded
by a buffer zone and then a transition zone. The core
area excludes all human disturbances except for scien-
tific research. Activities such as research, education,
training and tourism, which do not conflict with the
protection of the core zone, are allowed within the buff-
er zone, while development activities are permitted in

[3]

the transition area . Establishing a buffer zone can

protect the core zone more effectively, and at the same
time compensate the local inhabitants for their loss of
access to biological resources within the reserve *'.
Buffer zones, even as narrow as 200 m wide, can ef-
fectively protect reserves and reduce negative edge

'5) " Although designing a buffer zone outside of

effects
the core zone is often suggested, there are few studies
about how to determine its width. Some buffer zones
were only determined by descriptive methods, not

(6]

quantitative ones For endangered species, some

researchers used suitable habitats as the factor to zone

[7-8]

the nature reserve However, these studies fo-

cused on animal or bird species. For plant species,

Wan et al. *

suggested to design the buffer zone by
vegetation successional stage. However, in sandland or
desert areas, aboveground vegetation is rare and dis-
continuous. Here we used seed bank data as a method
to determine the width of a buffer zone for a forest na-
ture reserve in sandland.

Soil seed bank is a major theme in current ecolog-
ical research''®’. Soil seed bank is comprised of all vi-
able seeds present above or in the soil or associated

12

leaf litter "', Soil seed bank is regarded as a stage in

XEHS: 0529 -6579 (2012) 05 -0078 —08

3]

the life cycle of a plant community "', It is not only

the base for forest establishment, but also reveals the
dynamic process of forest community succession """,
Soil seed distribution plays a major role in, and is pos-
itively related to, the distribution of mature plants ",
As for the forest in sandland, the seed bank is particu-
larly important. Forests in sandland ecosystems are of-
ten sparsely distributed, usually with open bare patches

[15]

among tree groups Some seeds can colonize the

bare soil'"®. In some cases, bare soil areas are more
favorable for seedling establishment regarding to surviv-
al probability than sites near individual plants ',
From this point of view, it is reasonable to assume that
soil seed bank is an important indicator in determining
a degraded forest’s potential for restoration.

Because the core zone in a nature reserve is the
most important area to be protected, if a site outside
the core zone is similar in terms of its seed bank to that
of the core zone, this site should have some conserva-
tion value. With increasing distance from the core
zone , the similarity between seed banks of the area and
the core zone should decrease and, the conservation
value will also decrease. Once we determine the end-
point with least similarity to the core zone, both in spe-

cies composition and in species number, the minimum

width of the buffer zone can be determined.

1 Methods

1.1 Study area

The investigation was conducted in and outside of
the core zone in the potential Hunshandak Nature Re-
serve ( located in Zhenglan Banner, 43°56'47" N,
116°08’15" E) in Hunshandak Sandland, Inner Mon-
golia, China. The Hunshandak Nature Reserve, a pro-
posed project with area of 6 212 km®, aims to protect
open-forest in Hunshandak Sandland in Inner Mongo-
lia, China. The open-forest is a natural vegetation type

in Hunshandak Sandland, with a landscape quite simi-
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lar with that of Savanna in South Africa. Elm trees
(Ulmus pumila L. ) are sparsely and randomly distrib-
uted in the sandland, usually clustered together with 3
~ 5 plants, with crown coverage ranging from only
20% to 30 % of the land surface. Ulmus pumila is a
unique species that only occurs in sandland in northern
China. Ulmus pumila has been identified as a key spe-
cies in the ecosystem of open-forest. For the conserva-
tion of this landscape, Ulmus pumila should be given
conservation priority.

The habitats of open-forest could be classified into
four types: fixed sand dune, semi-fixed sand dune,
shifting sand dune (the main body of sandland, ac-
counting for 43% of total area), and lowland. The
proposed nature reserve aims to 1) restore degraded
open-forest, and 2) preserve this unique landscape. In
recent years, this area has been degraded sharply.
Many fixed sandy dunes have transformed into shifting
dunes, and the ratio of area in shifting sandland to to-
tal land increased from 14% in 1950 to 43% in 2002,
and is still increasing. This directly endangers open-
forests. Degradation of the open-forest is also due to
overgrazing and human disturbance "*'"*'. With the es-
tablishment of a nature reserve, the grazing in potential
core zone and buffer zone would be prohibited, and
open-forest should be restored.

The prevailing climate in the study area is the
temperate arid and semi-arid type. The average annual
temperature is about 1.7 °C (16.6 °C in July and -
24. °C in January). Annual precipitation is about 250
~350 mm, with uneven distribution throughout the
year. The strong wind, with an average speed of 7 ~ 8

-1
m-s

, and the strongest of 30 m - s~ greatly in-
tensifies the degradation of forests. The annual transpi-
ration is 2 000 ~2 700 mm. The zonal soil is brown
calcium soil in lowland. Artemisia frigida, Polygonum
divaricatum and Agropyron desertorum are dominant in
the semi-shifting sand dune and fixed sand dune, while
Iris lactea var. chinensis, Chenopodium glaucum and
Potentilla sericea are most common in the lowland.
Agriophyllum squarrosum is most common in shifting
sand dunes.
1.2 Soil seed sampling

Seed bank sampling and analysis were carried out

according to the method of Ter-Heerdt et al. "', Soil

seed samples were taken in spring (from 3 February to
25 March) of 2005 before seed germination. Four dif-
ferent plots, outside of the core zone, with a distance
of 300, 600, 900 and 1 200 m from the boundary of
the core zone were chosen. In each plot, four different
microhabitats were selected as subplots: shifting sandy
dune, semi-fixed sandy dune, fixed sandy dune and
lowland. In each subplot, 10 quadrats, each measur-
ing 25 em ( 25 cm, were chosen and the distance be-
tween adjacent quadrats was about 1 m. All quadrats
were marked by inserting a colored steel tube. The up-
per 5 c¢m of soil in each quadrat was collected. The soil
was sieved passing a 0. 15 mm mesh. The seeds remai-
ning in the sieve were put in seed trays and then placed
in a greenhouse to germinate. Seedlings were identified
and counted. In the third month, a full seed bank esti-
mation was obtained (seedlings from seeds + ungermi-
nated seeds) for each subplot.

In order to compare these with the seed bank of
the core zone in the proposed nature reserve, the same
sampling strategy was used in the core zone. The rep-
resentative habitats in the core zone were selected as
reference and ten 25 c¢cm ( 25 c¢m quadrats were cho-
sen. These were placed about 1m apart from each oth-
er. The sampling method and analysis were similar as
the above.

1.3 Vegetation analysis

In July of 2005, during the peak of the local plant
growth season, the vegetation was sampled in adjacent
areas to the seed bank sample subplots in all plots in
the core zone. In each subplot, 4 quadrats with a size
of 1 m x1 m each, were randomly selected. In each
quadrat, species composition and percent coverage
were identified and counted.

1.4 Data analysis

Analysis of variance (ANOVA) was used to ana-
lyze species, seedling and seed banks among subplots.
For each subplot ( habitat), the Sorensen’s similarity
index (SI) was calculated ). This measures the sim-
ilarity in species composition for two sites, A and B,
by the equation

2ab
SI_a+b

where a is the number of species found in site A ;

x 100% ,

b is the number of species in site B and ab is the num-
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ber of species shared by the two sites. Similarity index
values range from 0 ( when no species are shared be-
tween any two communities) to 1 (when all species are
shared) .

For SI between seed bank and its aboveground
vegetation (SI_ ), a is the number of species found in
the seed bank in one site, b is the number of species in
aboveground vegetation in this site and ab is the num-
ber of species shared by the seed bank and its
aboveground vegetation in the site.

For SI between the sites out of the core zone and
in the core zone, a is the number of species found in

one site outside of core zone, b is the number of spe-

Table 1

cies found in sites in the core zone and ab is the num-
ber of species shared by both sites.

SI,, was calculated for species in vegetation be-
tween two sites, and SI_ was calculated for seed bank

between two sites. SI_ , SI  and SI_were calculated in

oo
each quadrat, with a distance of 300, 600, 900 and 1
200 m from the core zone, respectively.

The total similarity between one site outside of the
core zone and the site within the core zone was calcu-

lated as the equation

SI, = %(51”, +SL).

The seed bank density, species, functional types and their composition

of vegetation in the core zone of planed nature reserve in Hunshandak Sandland, China

Species Percentage in vegetation /% Seed bank density/m Functional types"
Agriophyllum squarrosum 0 20 (7 A, D
Aristida adscensionis 59.3 9% (72 P, D
Artemisia lavandulaefolia 19.5 9 (6 P, D
Artemisia ordosica 19.5 64 (43 A, D
Artemisia scoparia 97.3 2295 (590 A, D
Bassia dasyphylla 52.6 9 (4 A, D
Calamagrostis epigejos 13.1 0 P, D
Chenopodium glaucum 72.4 145 (90 A, D
Chloris virgata 13. 1 2 (2 A, M
Cleistogenes squarrosa 13. 1 67 (40 P, D
Corispermunm sp 52.6 61 (27 A, D
Cynanchum thesotoides 13.1 0 A, M
Eragrostis poaeoides 0 16 (9 A, M
Erodium stephanianum 33 7 (2 A, D
Euohorbia humifusa 72.4 116 (35 A, D
Euphorbia esula 13. 1 2 (1 A, M
Gueldenstaedtia stenophylla 19.5 0 P, L
Inula salsoloides 13. 1 0 A, D
Ixeris denticulate 33 4 (3 P, M
Kummerowia striata 13. 1 0 A, M
Lespedeza sp 59.3 60 (30 P, L
Leymus secalinus 59.3 8 (2 P, M
Melissitus ruthenicus 52.6 20 (10 P, L
Penisetum centrasiaticum 52.6 5 (3 A, M
Portulaca oleracea 0 4 (1 A, D
Potentilla bifurca 0 7 (1 P, D
Psammochloa villosa 52.6 4 (2 P, M
Salsola collina 52.6 60 (29 A, D
Setaria viridis 72.4 268 (114 A, M
Tribulus terrestris 0 2 (2 A, D
Ulmus pumila 7.8 1158 (282 P, F

1) A =annual grasses; P = perennial species; D = Dicotyledons; M = monocotyledons
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2 Results

2.1 Seed bank density

The seed bank density, and representation in
standing vegetation of different species in the core zone
are listed in Table 1. Comparable data of increases dis-
tances from the core zone are shown in Table 2. With-
increase of the distance from boundary of core zone,
seed density of Ulmus pumila in four habitats decreased
with different degree (Table 2). This decrease was
most obviously in shifting sandy dune, followed by
semi-fixed sandy dune, fixed sandy dune and lowland.
No seeds of Ulmus pumila were found beyond 1 200 m,
regardless of the habitat. For shifting sandy dune, no
seed could be found when the distance beyond 900 m.

Table 2 The seed density of Ulmus pumila in the
distances with 300m, 600m, 900m and 1200m from the core

zone of planed Hunshandak Nature Reserve in Hunshandak

Sandland, China seed /m’
Site types 300 m 600 m 900 m 1200 m
Shifting sandy dune 92.2 +21.3 12.2+5.3 0 0

Semi-fixed
164.7 +24.8 24.5+6.7 1.2+0.7 O

sandy dune
Fixed sandy dune 181.4£35.5 27.2+11.2 4.8+3.6 0
Lowland 117.3+27.6 13.6+7.4 5928 0

2.2 Relationship between seed bank and vege-
tation

A close relationship of species composition was
found between seed bank and established vegetation in
all samples ( Fig.1). SI_, varied from 21.2% to
82.3% . Similarity indices of fixed sandy dune were
larger (65.8 ~82.3% ) at all distances, while those of
semi-fixed sandy dune were also large, but decreased
sharply (from 64.6% to 34.7% ) with increasing dis-
tances from 300 m to 1 200 m. However, with increas-
ing of distance, the similarity indices of lowland in-
creased. For shifting sandy dune, the index remained
almost constant (Fig. 1).
2.3 Similarity between sites outside and inside of

the core zone

Among four habitats, SI, of fixed sandy dune was
the largest (54.8% ~ 95.2% ), followed by semi-
fixed sandy dune, shifting sandy dune and lowland

(Fig.2). SI, decreased with the distance increased
from 300 m to 1 200 m, that of fixed sandy dune and
semi-fixed sandy dune decreased sharply, whereas that

of shifting sandy dune and lowland decreased more

slowly.
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Fig. 1 Similarity indexes between seed bank and its
aboveground vegetation of four habitats with a distance of 300,
600, 900 and 1 200 m from the core zone, respectively, in

planed biosphere reserve in Hunshandak Sandland, China

In order to analyze the difference between similar-
ity indices of vegetation (Sl,y) and that of seed bank
(Sl ), the values of each of these indexes were also
calculated ( Fig.2). Averagely Sl was larger than
Slyy, regardless distances or habitats. Both Slg and
SI,y exhibit the same trend as that of SI,.

3 Discussion and conclusion

Seed banks frequently offer the seed source for

2121 The number and species

vegetation restoration
composition in a seed bank is determined by the seed
bank’s age, distance to mother plant, soil properties
and more importantly, disturbance. For example, a 70
years old forest, in its early stage, has a rich soil seed
bank, however, the soil seed density in the site with a
distance of 150 m to the forest, was only one third of

2] With the increase of distance, the

the forest site
soil seed density could change from 6 065 ind + m > to
944 ind - m?".

crease of distance from the core zone, the contribution

This indicated that with the in-

of seed bank to potential restoration decreased.
Seed banks are also influenced by grazing and hu-

man disturbance. Grazing can also decrease the species
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100- tance (900 m) , the seed density of Ulmus pumila still
T was rich. This is perhaps because Ulmus pumila dis-
S S \\\ - perse its seeds by wind, and we sampled in the foot of
60 | AN H:___\_:\\\\ dunes downwind from maturity Ulmus pumila. Howev-
N - I er, considering that all samples were measured follow-
7 40, pe Egﬁl-nlxgﬁléeune ing the same method and located in same wind direc-
—v— Fixed dune
20 — Lowland tion, the differences in seed bank among different sam-
— . . pling sites induced by wind direction can be ignored.
. 08_ The species composition between seed bank and
K\x\ SL, adjacent vegetation in our research was not the same.
. o \\\ The main reason may be due to the effects of heavy
< 601 — \ﬂo \\ livestock grazing. In the proposed Hunshandak Nature
;? 40 - H““V;\_\:f Reserve, livestock grazing was the main disturbance
201 and reason for the degradation of the open-forest. Ob-
0l — e ., viously, grazing has less effect on seed bank than on
vegetation, which was proved by our results (SI,,
100 — o Slyy). Compared with that of vegetation in the same
N -.v.-'._H““_“H-ﬂ\‘F_E__ﬁ ® site, the species composition of the seed bank was
A _%\\\g ......... —: more similar with that of core zone. This implies that
% G T some areas around the core zone could be restored,
” 40l once it is protected as a buffer zone, because they have
sufficient seed bank underground.
. T Sl index shows the degree of similarity in seed
0 300 600 900 1200 banks between sampled sites and core zone, the higher
Distance/m

Fig.2  Similarity indexes in seed bank (SI_), vegetation
(SI,,) and its mean value (SI,) in four habitats with a dis-
tance of 300, 600, 900 and 1 200 m from the core zone, re-

spectively, in planed biosphere reserve in Hunshandak Sand-

land, China

diversity in the seed bank .

Still, although grazing
can decrease the soil seed number of a majority of plant
species, some species can be increased ', Smith et
al. (2002) reported that in a degraded meadow in its

7] the number of plant species both

10 yr restoration
in vegetation and in the seed bank continued to in-
crease with the increase of its restored time. Thus, it
should consider influences of disturbance when deter-
mining the width of buffer zone.

Seed disperse method is another factor should be
consideration when determining buffer zone. Seeds of
Ulmus pumila are dispersed by wind, the direction of
wind and prevailing climate need take into account

8] " Our research showed that even with a long dis-

the Slggvalue, the higher the conservation value. Fur-
thermore, since we also know that the seed bank has
the potential to regenerate vegetation, a site with high
Sl has a high potential to restore vegetation after es-
tablishment of a buffer zone. Sl showed that under
the grazing disturbance, the similar degree in vegeta-
tion between sampling sites and core zone. Thus, it
could be regarded as the second indicator to determine
the width of buffer zone. Seed density of Ulmus pumi-
la, a key species in open-forest ecosystem, could also
be regarded an important indicator for the establish-
ment of forests, .

Around the core zone, there are four habitats.
According to our results, using three kinds of indica-
tors, the width of buffer zone in shifting sandy dune,
should be at least 600 m. And vegetation in shifting
sandy dune should be restored into elm forest. For
fixed sandy dune, the width of buffer zone should be
moderate, because similar vegetation already existed.
If the width of buffer zone is too narrow, the possibility

of disturbance will be increased. Also, if the width of
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buffer zone is too broad, the land use for industry or
intensive agriculture would be limited. Lowland was
the main grazing place for livestock of local residents,
and, lowland also has less importance to the conserva-
tion of core zone for its low seed density of Ulmus pum-
ila, SI,, SI, and Sl,y. The width of lowland, therefore
could be reduced to 300m. But in this case, the
boundary should be strictly protected. As for semi-
fixed sandy dune, the width should range from 600 ~ 1
200 m, according that of fixed and shifting sandy
dune.

The determination of the width of the buffer zone,
should also take into account land wuse, such as
tourism, environmental education and training'®’.
Thus, the width of the buffer zone should be as large as
possible. The maximum width of the buffer zone,
which was approved by the local government, was 5
km. However, in some areas of potential buffer zone,
for example where there is industrial land use, the
width was ordered to be limited to less than 200 m.
Still, the local government was concerned that a 200 m
width in some industrial area was not sufficient to con-
serve open-forest. Also, many local inhabitants lived
in the proposed buffer zone, and we suggest that the
proposed buffer zone width be determined in coopera-
tion with them where possible.

Although seed bank can be regarded as an indica-
tor to determine the width of buffer zone, it would be
limited in many cases. For multiple goals, for exam-
ple, grassland, wetland or rain forest, there exist many
kinds of vegetation. Still, considering that soil seed
bank distributes more complicated in mountain areas,
therefore, using the soil seed bank to determine the
width of the buffer zone was limited to nature reserve in
plain areas. Determining the buffer zone must also con-
sider the policies of local government and requirements
of the local inhabitants. In the all, soil seed bank
could be used as indicator for determine duffer zone ai-
ming at preserving endangered plant species, forest,
grassland, or shrub with simple composition in plain
region.

In conclusion, using seed bank as an indicator to
determine the width of the buffer zone in the proposed
open-forest nature reserve, the minimum width should

be 300 m in lowland, 600 m in shifting sandy dunes,

and 1 000 ~1 200 m in fixed and semi-fixed sandy
dunes. If approved by local government and local resi-
dents, the width should be extended even further. Soil
seed bank approaches can be useful for determining the
buffer width of endangered plant species, or simple
vegetation and their habitats in plain areas.
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