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Summary

Yuanbaoshan (National Park) forest in the Miao Minority Autonomous County of
northern Guangxi Zhuang Autonomous Region, China (109°07' ~109°13'E, 25°22' ~
25°32'N), occupies 39 km?. The highest point, an peak in the Yuanbaoshan range, ri-
ses 2086 m ASL, while the best known peak, Lanping Peak, is 2081 m ASL. This third
highest mountain range in Guangxi displays the most intact forest in all of Guangxi,
with many Tertiary relict species. Yuanbaoshan’s climate is mid-subtropical humid,
with a significant altitudinal temperature and humidity gradient. Red soils are typical
but the soil types vary distinctly with altitude, and they include mountain red soil,
mountain red-yellow soil, yellow-brown soil, and mountain meadow soil. Yuanbaoshan
forest is considered the best protected primary woodland in Guangxi; The forest is fully
preserved at altitudes higher than 1200 m, with a large continuous area of mixed mid-
mountain evergreen and deciduous broadleaved forest, and mixed mid-mountain conifer
and broad-leaf forest, in each case exemplifying unique properties. The typical, yet
rare, primary mixed evergreen and deciduous forests cover over 1500 ha at an altitude of
over 1400 m. The succession of the forest developed very well and with all forms which
the subtropical forest or vertical zonation might have. Besides evergreen broad-leaved
forest, the area between 1200 m to 2050 m ASL is also distributed with broad-leaved
and coniferous mixed forest dominated by Abies yuanbaoshanensis, Taxus chinensis var,
mairei and Tsuga chinensis, Pinus kwangtungensis, and so on in mixed mid-mountain
conifer and broadleaved forest, showing it is most intact forest in all of Guangxi. The
forest consists of several species of Guangxi and Chinese endemic vegetation. In the co-
nifer forest, for instance, there is an Abies yuanbaoshanensis community, which is only
found here in the entire world; and communities of Pinus kwangtungensis, Fokienia
hodginsii , Podocarpus brevi folius, Taxus chinensis var. mairei and Tsuga chinensis
whose dominant species are endemic to the southern China mountainous region. Fur-
thermore, when considering broadleaved forest, the communities of Fagus longipetiola-
ta, Fagus lucida, Pterostyrax psilophyllus, Liriodendron chinense, Rhoiptelea chi-
lantha , Rhododendron haofui, Rhododendron cavaleriei, Rhododendron maoerense,
Rhododendron oligocar pum , Buxus sinica etc. , are all endemic to Guangxi, and thus
also to southeastern China only. All of these vegetation forms are considered as the
“keystone” of Chinese biodiversity.

Abies yuanbaoshanensis, in the Pinaceae, is distributed at lower altitudes than o-
ther species of Abies in China, and it is the most southerly distributed in Northern Hem-
isphere. It is listed in the China Plant Red Data Book as class I, and is an TUCN protec-
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ted key species. Its stenotopic species center is an area of about 20 ha, at 1900~2000m
on the Lanping Peak of Yuanbaoshan Mountain, with less than 1000 individual plants
experiencing very severe conditions. Abies yuanbaoshanensis community, therefore, is
clearly a key biodiversity group in China.

At its highest concentration: Taxus chinensis var. mairei is distributed within the
mixed forest above 1900m, second, in a central area at over 1600 m around Lanping
Peak, and, third, concentrated at altitudes of over 1300m in Yuanbaoshan Mountain.
Our field investigations and analysis found that Taxus chinensis var. mairei generates
its population clonally, with a fine sprout capability, showing high reproduction and
survival, and an ease of environmental adaptation. This species can process the clonal
integration in order to maintain population scale and, as well, to accomplish alternation
of generations. By studying Taxus chinensis var. mairei, clonal population growth be-
havior has been discovered, as well as its reproduction and extension of its population.
This discovery will provide methodology and theory for protecting this resource and will
promote the study of clonal species populations generally, and thus enhance the theory
of both its biological and ecological development. Coniferous and broad-leaf mixed for-
est are essential forms in the Yuanbaoshan Mountain Belt. Conifer species, such as
Tsuga chinensis and Abies yuanbaoshanensis, and broadleaved species, Acer maximow-
iczii, Manglietia chingii, Symplocos paniculata, Acanthopanax evodiaefolius var,
gracilis and Cyclobalanopsis glauca dominate the main tree canopy, while Tazxus
chinensis var, mairei, the most important species in the community, dominates the mid
and lower layers accompanied usually by the evergreen species, Litsea pedunculata and
Rhododendron hao fui. Yet Fargesia nitida is an absolute dominant species in shrub
layer, accompanied by saplings of arborous species. The microclimate within these com-
munities is shady and humid, fostering the growth of Ophiopogon spp. , Liliaceae and a
rich layer of mosses and lichens.

Similarly, evergreen and deciduous mixed forests are the best protected vegetation
forms in Yuanbaoshan. The deciduous species, Fagus longipetiolata, Fagus lucida,
Pterostyrax psilophyllus, Acer maximowiczii, and Nyssa sinensis, and the evergreen
species, Schima argentea , Castanopsis eyrei , Cyclobalanopsis oxyodon and Manglietia
chingii, dominate the crown layer; while Sterwardia gemmata and Symplocos panicu-
lata rule the mid and lower layer. Lithocarpus naiadarum and Rhododendron haofui
are the main species of evergreens. In this forest, communities can be dominated by de-
ciduous species, (e. g Faguslucida-Acer maximowiczii-Sterwardia gemmata), or by
evergreens (e. g Fagus lucida-Illicium majus, Schima argentea-Nyssa sinensis ).
The shrub layers can be composed of densely dominant Fargesia nitida, or of sparse
seedlings and saplings of crown species. Usually, there is little grass layer, but rather
the ferns or Ophiopogon spp. dominate the ground layer of vegetation.

We have recorded 107 plant species in the Abies yuanbaoshanensis community, in 81
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genera, 52 families. Of these 10 genera in 8 families are ferns, 4 genera in 3 families are
gymnosperms, 58 genera in 36 families are angiosperms, and 9 genera in 5 families are
monocotyledonous. The most frequent family is Rosaceae (9 species), followed by
(D Ericaceae and Liliaceae (6 species each); @Caprifoliaceae and Araliaceae (4 species
each); @ Lauraceae, Berberidaceae, Theaceae, Fagaceae, Aquifoliacae, Celastraceae,
Rutaceae, Syplocaceae and Gesneriaceae (3 species each). There are 13 other families
with 2 species each, and 25 families with 1 species each. There are 36 arborous species
(4 conifers and 32 broadleaved), which consist of 25 evergreen species (all the conifers
are evergreen species) and 11 deciduous species.

Commonly, Litsea pedunculata, Taxus chinensis var. mairei, Tsuga chinensis are
the main companion species in the Abies yuanbaoshanensis communities, where under-
neath, there are 23 shrub species (12 evergreen and 11 deciduous) and Fargesia nitida
is frequently dominant; and there are 29 species in the herbaceous layer including 6
ferns, 12 angiosperms and 11 monocotyledons. Habitually Ophiopogon spp. dominate
of which Ophiopogon bockianus var. angustifoliatus has the largest coverage. Epiphyte
and liana species (8 of each), and mosses share an interlayer. Although there are only
107 species found in A. yuanbaoshanensis community, with an average of 22 species in
each sample plot (600m?), indicating uncomplicated species composition in the vegeta-
tion; however, the genera and families of oligotrophic species usually form a high pro-
portion of the total. The floristic composition of the crown layer is stable with subtropi-
cal species predominating; and the community is mainly composed by evergreen broad-
leaved phanerophyte species with unifoliate, waxy leaves, and microphyllous leaves.
Thereby, this community shows differences in its vertical zonation from both subtropi-
cal and warm temperate forests.

The niche breadth of the main species of the Abies yuanbaoshanensis communities
has a range of: Acer maximowiczii, Abies yuanbaoshanensis, Taxus chinensis var.
mairei, Illicium majus, Litsea pedunculata , Cyclobalanopsis glauca, Manglietia ch-
ingii , Tsuga chinensis, Rododendron haofui, Clethra kaipoensis, Acanthopanax evo-
diaefolius var. gracilis, Pieris formosa , Rhododendron spp. s Camellia caudata , Eu-
rya loquiana , Enkianthus chinensis, Taxus chinensis var. mairei and Tsuga chinensis,
are usually the only two species to overlap with Abies yuanbaoshanensis, indicating that
the competition between A, yuanbaoshanensis and other species is relatively mild, and
demonstrating that the community is stable. Interspecies associative index presents a
significantly positive correlation between the major populations as a whole. Analysis of
105 species-species pairs using association indices found that, although 96 pairs are in-
significant, positive significant correlations exist between the major species. In A.
yuanbaoshanensis communities, intraspecific competition is much more intensive than
that between it and other species. Thus self-thinning influences the dynamics of the A.
yuanbaoshanensis population more than allo-thinning. In trees of more than 7. 5cm DBH
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the bigger the tree diameter, the less competition is exercised by neighbouring trees
within an 8m radius. To regress the tree diameter of A, yuanbaoshanensis with the com-
petition index between A. yuanbaoshanensis and its neighboring trees, it is shown an
exponential relationship,

With respect to the Taxus chinensis var. mairei communities, a floristic analysis
similar to that used for A. yuanbaoshanensis reveals its geographically simple floral
composition, and also that the genera and families with oligotrophic species range occur
in relatively high proportion. The floristic composition of the crown layer is stable with
subtropical properties dominant, The physiognomy of the T. chinensis var. maire: com-
munity appears regularly as wax, unifoliate, microphyll forms of evergreen broadleaved
phanerophyte, demonstrating vertical zonation. An insignificant relation between most
partners demonstrates an independence of interspecies. This “laxity” outcome maybe as-
sociated with the mature stage of community development. As few of major populations
show negative correlations, there is no positive correlation, and populations spread indi-
vidually, this may be a token of the mature successional stage of the community. The
diversity index of T. chinensis var. mairei of the study site is similar to that of typical
subtropical latitude and altitude zonal sites, confirming that it is a well-preserved and
mature climax community. '

In a complete survey, the population of Abies yuanbaoshanensis was divided into 7
life-history classes: ]. Seedling Class 1 (S1), H<50cm; ]I. Seedling Class 2 (S2),
H: 50~100cm; [lI. sapling (S3), H>100cm, DBH<(3.0cm; IV. arboret (S4),
20.0>DBH>=3.0cm ; V. mid-age trees (S5), 35.0>DBH>20.0cm ; VI. adult
(S6), 50.0>DBHZ>=35.0cm; V. big trees (S7), DBH>>50. Ocm. The number of liv-
ing plants of A. yuanbaoshanensis population was less than 1000 with only about 100
plus adult and big trees, and many more seedlings than larger class members. Only 31
plants of DBH=>20cm were found and the biggest plant was 74cm DBH.

The dynamic of A. yuanbaoshanensis fluctuates through the variation in numbers in
each size class. Using a spectral density or power with 2 different distance (5cm and
3cm) for spectrum analysis, it is shown that A. yuanbaoshanensis process its life relying
on its basic spectrum; for the basic spectral A0 being constantly the biggest amplitude
disregarding spectral density of distance 5cm or that of 3cm ( e. g. using 3cm as dis-
tance of size class, that it can be divided into 15 class; Ai represent a fluctuated period,
which A0=15X3= 45cm (DBH) period, A1=15X3/3=15cm period, A5=15X3/6=
7. 5cm period, and A7=15X3/8=6cm period). This is proved that A, yuanbaoshanen-
sis’s life history tends to be controlled by its biological characteristics. The fluctuations
in numbers are associated with population restoration through local canopy gap effects.
The sizes and the number of such gaps differ spatially and over time to produce the ob-
served ratios of size class and age structure. This, then, indicates that the population
has been stable and has regenerated well.
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The survival curve of A. yuanbaoshanensis is sorted out to be Deevey Typelll , al-
though there is an evidence of disorder within the survival curve. The peak is probably
during the gap period, when the small plants more chance to survive; hence, releasing
them to grow into the main layer. The dip point might be due to the time when the main
canopy layer is overloaded, leading less opportunity for small plants to grow into the up-
per layer. There is very high mortality in young small plants, but this declines as they
grow larger. There is very high mortality in young small plants, but this declines as
they grow larger. However, because of inter-and intra-specific competition and environ-
mental impact, the numbers dramatically decrease during transition periods of seedling
— sapling, sapling—arboret, 3" sub-layer—2™ sub-layer of trees, and 2™ sub-layer—1%
sub-layer. The low survival rate of small plants means that only a small proportion is
recruited to the 1* sub-layer of the canopy.

During several years of investigation in the Yuanbaoshan forest, we found that A.
yuanbaoshanensis is a mast seeding tree with a 3 or 4 year-seeding cycling and varying
amounts of seeds set in different years. Therefore, its cost for reproduction is relatively
high. There was no seeding in 1992 and 1996, but 3 seeding plants (31 adult, DBH>
20cm) with each bearing 14~18 cones in 1999, and 4 seeding plants each with 30~263
cones in 2000. The amount of seed is variable not only according to years, but also for
individual plants. In 2 to 3 of the years the population did not seed. The cones were
concentrated in the mid to upper tree crowns, and these accounted for 90% of the total
seed amount, Cones were generally on the eastern side of trees. Low seed quantity, low
kernel plumpness (around 40%), extremely low germination rate (6.8% ~18.9%),
high density-dependent mortality among seedlings, and low fitness of seeds and seed-
lings might be the key risks to A. yuanbaoshanensis.

The A. yuanbaoshanensis exhibits an intensively clumped distribution, The size
groups, S1, S2, S3 and S4, are clumped spatially, but size classes S4 and S5 show a
more random or even distribution, Both composition and structure of the community are
the essential factors to affecting spatial distribution and pattern. There is no evidence of
genetic differentiation when 4 sub-populations were sampled. Nei (1973)’s gene diversi-
ty index H, of the A. yuanbaoshanensis 0. 1710, while Shannon population diversity in-
dex I is 0. 1735. Low genetic variation is possibly the result of a restricted evolutionary
potential, therefore making it difficult to exploit a new habitat and spread the popula-
tion. This illuminates that the population is “very vulnerable”.

Large numbers of ramets of Taxus chinensis var. mairei, are generally clustered as
a group, sprout on the trunks of standing adult trees or on fallen trees. As they grow
larger, these clonal plantlets require a large space with consequently increased competi-
tion, leading to a large number of plants deaths. The transition of plantlet— sapling—
and arboret, the population was accompanied by high mortality. When growing up as
arborets, despite being bound to the genet trees, the individual plants establish their
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own adventitious roots system, occupying their essential micro habitat space. The
standing ramets maintain low mortality and have better ability to utilize the resources of
their environment. Then they demand more resources as they grow, and the connections
between individual plants break down. In this case, the competition between ramets and
among ramets and genets are concurrent and results in the ramets’ high morality. The
population then tends to be stable after some ramets are eliminated. At this point, mor-
tality rises again as they grow up to be adult. The dynamic of the population number is
chiefly controlled by its internal (genet-level) mechanisms and to environmental condi-
tions as well.

The clonality and ramet population of the T. chinensis var. mairei regularly group
at the genet’s center, and as the species is usually found in rocky, humid gullies, habitat
heterogeneity may constrain the clonal plants and confine them to a space to which they
are best adapted, thus producing a clumped distribution. Due to the inter-and intra-spe-
cies competition, the degree of clumping is not very intensity. Ramets are clumped
within a patch, however, the genet appears to be evenly distributed, i. e. patches of
ramet are even. The pattern scale is 4 grid unit area, said 100 m?.

Fractal theory helps one to understand the spatial distribution of T. chinensis var.
mairei population. The box dimension and correlation dimension are high while the in-
formation dimension is low, revealing that the distribution pattern of T, chinensis var.
mairet tends collectively to be un-clumped. The quantity of ramets is almost 5 times
that of seedlings. Indeed seedlings are rarely found, suggesting that T. chinensis var.
mairei regenerates essentially by the ramet clonality of a “guerilla” clonal architecture.

The clonal architecture index of different plots ranged from 0. 60 to 0. 87 indicating
that the architecture is variable, like the environmental condition. This suggests that T.
chinensis var. mairei clonal population has more morphological plasticity.

The reason that few seedlings found in the community, may be that the rocky habi-
tat, with its dense Fargesia nitida. This species’ root system intertexture forms a
“cushion layer”, making it difficult for seedling roots of T. chinensis var. mairei to
reach the mineral soil. Also, as the seed of T. chinensis var. mairei requires one year of
after-ripening many of its seeds may be rotted or predated before germination. Experi-
mental trials also demonstrate high seedling mortality, showing its difficulty to environ-
mental adaptation by sexual generation. By contrast, clonality may be a marked advan-
tage by providing a stable “generation source” by a large quantity of ramets for the pop-
ulation. As well, the clonality of spreading risk can enhance population adaptation to

the problem of habitat and then as a result will maintain and develop the population.
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Fig. 1-1 The orientation sketch of the Yuanbaoshan Nature Reserve
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