Table3 Frequency of species that dominated in at least 1 site
The numbers indicate the numbers of plots in which each species was dominant and the numbers of plots in

which each species occurred (i.e. frequency of dominance/frequency of occurrence). 3¢ planted species.
* dominated in the site. GL: Mt. Gele; TSP: Mt.Tieshanping; JY: Mt. Jinyun.

— 239 —



(2) Biodiversity characteristics of EBLFs

For woody vegetation, TSP had the lowest species richness, Shannon Weiner’s index and Pielou’s index among the
three sites. Species richness and Shannon Wiener’s index of TSP were significantly lower than those of GL and JY (P <
0.5). Between GL and JY, the former had the higher species richness, but its Shannon Weiner’s index and Pielou’s index
were significantly lower than those of the latter. For ground vegetation, the species richness of TSP was significantly lower
than those of the other 2 sites (P < 0.5), while Shannon Weiner’s and Pielou’s indices were almost the same among the
three sites (Fig5).

The dominance-diversity curves for all the plots at the three sites clearly indicated some differences in the allotments of
relative dominance among the various species (Fig6). For woody vegetation, the TSP plots exhibited steep geometric
curves because there are relatively few species, and most have a relatively low level of dominance. However, the other 2
sites (GL and JY) have dominance-diversity curves that approach the typical log-normal type. JY had somewhat more
species with a larger relative dominance, and so the curves decay with respect to dominance less quickly initially than
those of GL and TSP. For ground vegetation, all the dominance-diversity curves tended towards log-normal form and

showed fairly similar allotments of relative dominance.
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Fig5 Biodiversity index of the three sites

Means + SE (n = 5) that have the same letter are not significantly different using Tukey’s Post Hoc HSD tests
(P < 0.05). GL: Mt. Gele; TSP: Mt.Tieshanping; JY: Mt. Jinyun.
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a. Woody vegetation; b. Ground vegetation. GL: Mt. Gele; TSP: Mt.Tieshanping; JY: Mt. Jinyun.
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(3) Stand structure of EBLFs

As seen in Fig7, the stem density of GL was found to be significantly larger than those of the other 2 sites (P < 0.5), with
the differences in sprouting stems contributing much to the differences among the three sites. Estimates of basal areas
(BA) revealed no significant differences among the three sites, although JY appeared to have the largest trees as shown by
significantly greater maximum DBH. With respect to stratum structures, the maximal height and potential height increased
significantly (P < 0.5) from GL to TSP and JY.

The DBH size-class distribution pattern of all stems at TSP was quite different from that at the other 2 sites (Fig8). As
the size class increased, the number of stems decreased gradually in GL and JY, while stems from 5 to 20cm were
relatively rare in TSP. Similarly, TSP was abnormal in having an excess of 30cm stems relative to their neighboring size
classes. In addition, the three sites showed obvious differences in the number of saplings (DBH < 5¢m), with the largest
number at GL and the smallest at JY. Sproutings were concentrated in small size classes at the three sites, the number
decreasing from GL to TSP and JY. Larger trees, with DBH>35cm, were more prevalent at JY and the only trees with
DBH in the 60cm size class were found there.

As the most dominant species and main component of the canopy at the three sites, Castanopsis carlesii var. spinusa
controlled the structure of the communities. As seen in Fig9, the height of individuals having the same DBH increased
from GL to TSP and JY, most notably with respect to larger individuals. On GL, growth in height relative to DBH appears
to have been suppressed in trees with larger DBH. The trees at JY showed less scatter with respect to height in relation to

DBH, suggesting that the environment is more uniform and less stressful than at the other two sites.
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Means + SE (n = 5) that have the same letter are not significantly different using Tukey’s Post Hoc HSD tests
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Among the dominant species of evergreen broad-leaved trees, Castanopsis carlesii var. spinusa, Cinnamormum
camphora, Machilus pingii, Elaeocarpus sylvestris and C. fargesii all showed inverse-J shaped or sporadic distribution with
large numbers of small stems as indicated by DBH (Fig10), displaying regeneration by means of seedlings and sproutings.
Although the modes of the DBH of the conifer Pinus massoniana at GL and TSP were unimodal, however, there was
evidence of regeneration in the form of small stems at GL, suggesting changes of forest environment not so long ago.

Sprouting stems of Castanopsis carlesii var. spinusa decreased in number and proportion from GL to TSP and JY (Fig10).
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Fig8 DBH class frequency distribution of the whole stems at the three sites
GL: Mt. Gele; TSP: Mt.Tieshanping; JY: Mt. Jinyun.
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Fig9 Scaling of tree height and DBH for the dominant species, Castanopsis carlesii var. spinusa at the three sites

The curves were drawn by using the expanded allometric equation of Ogawa (1969). GL: Mt. Gele; TSP:
Mt.Tieshanping; JY: Mt. Jinyun.
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(4) Biodiversity and stand structure of Pinus massoniana forests

TWINSPAN classification clearly distinguished four community types A, B, C and D at the division level 2, coinciding
with the distance to the remnant EBLF (Fig11). The remnant EBLF and Pinus massoniana forests closest to it were closer
in species composition, while the latter farther away were similar. The similarity of species composition decreased as the
distance increased (Table4).

For woody vegetation and ground vegetation, species richness (Gleason index), Shannon Weiner’s index and Pielou’s
index, almost all showed the trend increasing from the farthest group to the closest to the remnant EBLF. All indices
weren’t significantly different between the remnant EBLF and its nearest Pinus massoniana forests. By contrast, all indices
for the woody vegetation showed significant difference between the Pinus massoniana forests farthest and closest to the
remnant EBLF.

At the group level, only 1 species, Pinus massoniana, dominated the woody vegetation and 17 species dominated the
ground vegetation in at least 1 group of Pinus massoniana forests (Table5). The remnant EBLF and its nearest Pinus
massoniana forests shared some dominant species for ground vegetation, notably Castanopsis carlesii var. spinusa was one
of the main dominate species of the latter. However, 2 groups farther away dominated by quite similar life-forms and
species, especially perennial herbs, such as Miscanthus sinensis, Pteridium aquilinum, Dicranopteris pedata etc.

The height frequency distribution pattern of all trees of the group of Pinus massoniana forests closest to the remnant
EBLF was quite different from those farther away (Figl3). Castanopsis carlesii var. spinusa and other evergreen trees
were the main components of the stratum under the canopy layer and Castanopsis carlesii var. spinusa formed the sub-tree
layer for the group closest to the remnant EBLF, while deciduous trees were the main components of the other 2 groups.
As the distance to the remnant EBLF increased, the number of evergreen trees decreased, on the contrary, that of

deciduous trees increased.

Figll TWINSPAN classification of community

types for the 9 plots of Pinus massoniana

|_—| I__l forests and 5 plots of remnant evergreen
Community type A B c D broad-leaved forest on Mt.Tieshanping
No. of plots 4 4 3 3
51 500m 0 0 0 3
52 250m 0 0 3 0
S3 50m 0 3 0 0
S4 EBLF 4 1 0 0

Table4 Jaccard’s coefficients of similarity among the groups of plots of Pinus massoniana forests and remnant

evergreen broad-leaved forests on TSP

Group of plots 500m 250m 50m EBLF
S1 S2 S3 S4
S1 1
s2 0.48 1
S3 0.32 0.52 1
S4 0.26 0.44 0.65 1
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Table5 Frequency of species that dominated at least once for Pinus massoniana forests and remnant evergreen
broad-leaved forest at group level
The numbers indicate the numbers of plots in which each species was dominant and the numbers of plots in
which each species occurred (i.e. frequency of dominant/frequency of occurrence). Encircled number

indicates the sequence of the dominate species for each group of plots. 3¢ planted species.

500m  250m 50m EBLF
Dominant species 51 s2 S3 54

n=3 n=3 =3 =5

Woody vegetation
Conifer trees

Pinus massoniana 33m 330 330 13
Evergreen broad-leaved trees

Castanopsis carlesii var. spinusa - -3 1/3 55@
Ground vegetation

Evergreen broad-leaved trees

Elaeocarpus sylvesiris - -3 -3 2/4®
Pruynus spinulosa /- -/- ia 1

Schima superba” - - 2I@ 450
Castanopsis carlesii var. spinusa /- -/- 333 450

Evergreen broad-leaved subtrees and shrubs

Loropetalum chinense 12 23 - -/-
Myrsine afficana -3 13@ -3 -4
Aidia cochinchinensis /- -I- 230 /5
Maesa japonica /- -/- 1203 175
Ardisia japonica -f- -1 12 1/5
Pseudosasa victorialis - -~ -~ 5/5@
Antidesma japonica /- -/- /- 2/4®
Lianas
Smilax china -3 -3 230 356
Heterosmilax chinensis -~ -1 230 253
Perennial herbs
Miscantinis sinensis 33@  33@ -3 -3
Preridium aquilinum 220 13@ -1 -1
Dicranopieris pedata 333 230 22® 243
Woodwardia japonica -1 -13 330 -3
Lophatherum gracile - -2 233® 250
Dryaopteris ervthrosora /- -2 23® 15
Dryopteris decipiens - -~ 13@ -
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5. DISCUSSION
(1) Floristic composition characteristics and biodiversity of remnant EBLFS

Different intensities of disturbance and processes of fragmentation have led to differences in species composition and
diversity of the remnant EBLFs patches at the three sites examined. Nevertheless, these plant communities have retained
the essential floristic composition that is characteristic of the EBLFs of mid-subtropical China, having trees of Theaceae,
Lauraceae, Symplocaceae and other characteristic families as their main components (Song 2004, Yang et al. 2007). The
species composition of JY most closely resembled that of an unmodified primary EBLF, while the species composition of
GL was least similar. This is probably because fragmentation of the remnant patches at GL has led to local extinctions as
well as colonization by invading species, such as horticultural ornamentals, leading to a higher occurrence of unique
species (Grashof-Bokdam 1997, Kitazawa and Ohsawa 2002). As shown in Fig2, most of the unique species of JY and
TSP are evergreen trees, while those of GL are deciduous trees and herbs, suggesting a trend of decreasing richness of
shade-tolerant species and increasing richness of heliophytes. As forest fragmentation has progressively increased, it
appears that the area of the patches has gradually decreased, interior forest environments have been lost, and the smallest
patches have become wholly forest edges (Murcia 1995). We conclude therefore that the series JY, TSP, GL represents 3
steps in a gradient of forest disturbance which probably results from the effects of urbanization.

Forest edges are dynamic environments. These boundaries play significant ecological roles as transition zones between
different habitats (Murcia 1995, Fry and Sarlov-Herlin 1997, Fujihara et al. 2005) and are easily invaded by
light-demanding species such as deciduous trees and annual herbs (Fujihara et al. 2002, McKinney 2006). In addition to
boundary effects themselves, the biodiversity of fragmented forests are also affected by the characters of the surrounding
ecosystems. Urban habitats are a mosaic of land uses with varying extents of disturbance in time and space, leading to
diversity of habitats and biotic communities (Sukopp 2004, McKinney 2006). Such habitats are seed sources for those
deciduous trees and ruderals that rely on disturbance to sustain their populations (Luken 1997). Many studies have found
that the number or proportion of escapes from cultivation tends to increase along the rural-urban gradient (McKinney
2002, Sukopp 2004), as was found for GL in this study.

Among the three sites, GL and JY are the extremity of disturbances with TSP in the intermediate. But the plant diversity
are umbilicate and that doesn’t support the intermediate disturbance hypothesis that suggests the number of species in
relation to impacts has been hypothesized to be highest at intermediate levels of disturbance and lowest under conditions
of both high and low disturbances (Connell 1979). GL have many heliophytes while JY support more inherent
components of zonal vegetation. On the contrary, inherent components of zonal vegetation and heliophytes are both less
on TSP. In fact, the intermediate disturbance hypothesis maybe is less valid in the urban area. In other words, only the
natives support the general theory (Sukopp 2004). So, dividing the species reveals 2 contrary trends: the highest numbers
of inherent components of zonal vegetation are found in lowly influenced vegetation and maximal species diversity in

heliophytes, however, exists in vegetation obviously more strongly by human influences.

(2) Stand structure and regeneration dynamics of remnant EBLFs

Regarding the structural characteristics of the stands (stem density, BA, maximal DBH and height), only height varied
remarkably (Fig7). The decreasing height from JY to GL indicates that the growth of trees is progressively restricted from
the urban outskirts to the inner city. The same restriction holds for the characteristic species Castanopsis carlesii var.
spinusa (Fig9). Among the possible causes for this pattern is the local climate and atmospheric quality. As shown in Table

1, there were 57.2, 40 and 16.4 foggy days near GL, TSP and JY, respectively. For the year 2005, the Chongging Center of
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Environmental Monitoring and the Chongqing Bureau of Environmental Protection reported similar gradients of air
pollution (SO, was 0.084, 0.049, and 0.047mg/m3 ; NO, was 0.047, 0.031and 0.030mg/m3 near GL, TSP and JY
respectively). It has been reported in many studies that acid rain has caused decline of forests in Europe, North America
and South China (Tomlinson 1983, Feng 2000, Zhao et al. 2002). Acid rain and acid fog, particularly the latter, directly
affect the forest canopy, causing canopy die-back and loss of height (Hileman 1983, Bredemeier 1988, Zhao et al. 2002).
The data for height in relation to DBH for Castanopsis carlesii var. spinusa indicates that this signature species is also
affected (Fig9). Forest fragmentation also opens the forest to wind disturbance, thereby adding to the damage (Laurance et
al. 2002). Further investigations and experiments are therefore required in order for the loss of tree height and its potential
impacts on seeds production to be fully understood and suitable forest management measures put in place.

Sprouting is a common response among broad-leaved trees to disturbance, and disturbance frequency and severity are
important determinants of the relative frequency of sprouting at a community level (Bellingham et al. 1994, Bond and
Midgley 2001). As shown in Fig7, GL had the largest number of sproutings and appears to be the most disturbed of the
three sites. Sprouting is an important survival strategy (Bellingham 2000) and is common for most Castanopsis species
(Miura and Yamamoto 2003, Nanami et al. 2004, Yang et al. 2007). This is specially true for Castanopsis carlesii var.
spinusa, as shown by the many previous big trees of this species on GL which have lost their canopies and have responded
by sprouting from their stumps (Fig9 and Figl10). Once the main stem dies, the tree can survive for a while by means of

this sprouting behavior and the population can be maintained.

(3) Implications for conservation of remnant EBLFs

As a typical subtropical mountainous region, the location of Chongqing metropolis would have been covered by EBLFs
before human settlement began, but most of the natural forests have now been converted to other semi-natural or artificial
landscape types (Yang et al. 2007). The remnant EBLFs are therefore rare indicators and representatives of this regional
natural feature, being relicts of historical and botanical heritage (Maurer et al. 2000). Stenhouse (2004) concluded that
remnant patches of natural vegetation are important both for preserving the vegetation communities that once existed in
the area and also for their value to city residents as areas of natural beauty and recreation. Urban people should experience
not only man-made parks but also value and appreciate natural areas that are characteristic of their own region (Willison
1996, Maurer et al. 2000, McKinney 2006).

Larger patches of remnant natural vegetation play important roles in the maintenance of regional biodiversity. They are
the core areas of biodiversity in the urban environment and many of the species in the remnant communities are plants that
adapt poorly to urban conditions (Oshawa and Da 1987, Yang et al. 2007). Functionally, the populations of these species in
remnant communities are seed sources for restoration of degraded vegetation at the local scale. There are 3 means by
which this can occur. Seeds from the remnant EBLFs can naturally facilitate the restoration process of degraded vegetation
near them (Ito et al. 2003, Yang et al. 2007). As the research we conducted on TSP, the biodiversity index and similarity of
species composition decreased between the artificial Pinus massoniana forests and the remnant EBLF as the distance
increased (Figl1, Figl2, and Table4). The climax species, Castanopsis carlesii var. spinusa, was the dominant species for
the ground vegetation, shrub layer and sub-tree layer of the Pinus massoniana forests close to the remnant EBLF. However,
the natural restoration processes of those farther away from the remnant EBLF were restricted for the absence of seed
source of the inherent components of the EBLF (Figl3 and Table5), for most of the evergreen trees have lower dispersal
capacity and they depend on dispersal by animals with small home ranges and use corridors, or on wind-dispersal of seeds

with lower dispersal distances (Yang et al. 2005), and that suggest it’s hard to restore evergreen broad-leaved forests
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themselves spontaneously once they are destroyed. Secondarily, seeds of the remnant EBLFs can be collected for artificial
restoration. For artificial restoration of semi-natural plant communities, it is preferable to obtain seeds from local sources
given the higher probability that these will be genetically adapted to local conditions. Finally, the remnant EBLFs are the
sound model for the rebuilding of local vegetation following close-to-nature’ or ‘back-to-nature’ approaches (Gamborg
and Larsen 2003, Miyawaki 2004). The essential of those approaches is to restore natural vegetation of combined native
species in accordance with the potential abilities of the habitat, and to try to restore the whole ecosystem specific to a
region (Miyawaki 1992). Accordingly, the structures and systems of indigenous forests are the foundation. Many cases by
those approaches have been conducted worldwide, such as in Japan, China, South-east Asia, Europe, Australia, and South
America (Miyawaki 2004, Da ef al. 2004).

6. CONSERVATION STRATEGIES OF REMNANT EBLFs

As the crowns of many large trees of Castanopsis carlesii var. spinusa, the signature tree of the remnant EBLFs in
Chongqing metropolis, have been damaged on GL (Fig9), sustainable efforts should be taken to improve the
environmental qualities in the inner city, especially the atmosphere quality. Also, as the size of the patches is small (about
400m* each), artificial facilities should be prevented away from the patches and the connective among the patches should
be improved on GL. For the patch on TSP, it’s better to enclose the patch preventing the disturbance form the tourists’
walking and playing in the forest (There are 3 stone tables, some stone chairs and 1 path nearly 1 m wide in the forest) and
it’s urgent to stop the plantation of the non- indigenous species, Schima superba and control the extension of dwarf
bamboo, Pseudosasa victorialis, the most dominant species for the ground vegetation at TSP (Table3 and Table5) and
Phyllostachys heterocycla. For the patches on JY, the natural conditions should be maintained and the number of tourists
should be controlled (more than 340,000 in 2005 to the EBLFs).
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