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Abstract

Statutes, regulations, and forest restoration represent measures aimed at promoting the conservation of threatened
species. We analyzed the abundance of red-listed tree species within three conservation zones with differing levels of
protection in the Ta Xua Nature Reserve in north-western Vietnam, a rarely studied region within a biodiversity
hotspot. The study area included: (1) the undisturbed core zone; (2) the low intensity traditional forest use buffer zone;
and (3) the forest restoration zone. Red-listed tree species richness (IUCN and Vietnamese Red Lists combined)
amounted to 16 in the core zone, 10 in the buffer zone, and five in the restoration zone; a similar declining trend was
found for all tree species at 193, 173 and 135 for each respective zone. Differences between zones were even more
pronounced when species richness was predicted using the Chao2 estimator. Most red-listed species, such as Fujian
Cypress (Fokienia hodginsii), reached their highest densities in the core zone, but one species (Quercus platycalyx) was
quite abundant in the restoration zone. For some red-listed tree species, canonical correspondence analysis suggested
relationships among the presence of footpaths, canopy closure and basal area, suggesting reduced abundance caused
by human activities. Our data indicate that conservation effectiveness is related to the level of statutory protection
afforded to a particular area, with full protection ensuring more robust conservation outcomes.
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Introduction

Conservation areas, such as national parks and nature reserves, are a key component of tropical
forest conservation, safeguarding natural ecosystem processes and threatened species [1-2].
However, many designated conservation areas encompass human settlements, which in some
cases leads to conflicts between socio-economic and conservation objectives. To address this
problem, variations in conservation measures with different forest-use intensities have been
developed. For example, at certain locations important to biodiversity, buffer zones have been
established where some low intensity uses are permitted in order to maintain local livelihoods and
traditions while reducing anthropogenic pressures on protected core areas [3].

Different forest-use practices and intensities can affect species composition and diversity in
different ways. In strictly protected areas, old-growth forests that have been exposed to little or no
human disturbance are considered irreplaceable for maintaining tropical biodiversity [4]. In some
mature forests, selective logging can also allow considerable species diversity [4-5], but it may also
cause subsequent degradation and conversion, declining levels of biodiversity [4,6,7], and longer-
term changes in species composition, especially of threatened tree species [5,8]. Natural forest
regeneration and restoration can play an important role in conservation, particularly after relatively
low intensity uses such as shifting cultivation [9-10]. In general, more site-specific quantitative
information on the abundance of threatened tree species richness is needed to inform conservation
management.

Vietnam is one of the most biodiversity-rich countries of the world [11]. However, natural forest
resources have declined dramatically as a result of the Vietnam War, population growth,
overexploitation, and the transformation of forested areas into arable land [12]. Many species in
Vietnam are therefore facing extinction, with around 356 tree species listed as 'threatened’ to
varying degrees [12-13]. To address declining biodiversity caused by habitat loss, Vietnam
established a system of 30 National Parks and 126 Nature Reserve Areas throughout the country
[14-15]. However, relatively few studies have assessed threatened tree species abundance and the
associated role of ecological factors [16]. Such ecological studies on threatened tree species are
essential in order to accurately assess the effectiveness of biodiversity conservation in protected
areas.

We conducted the current study in north-western Vietnam on the south-eastern slopes of the
Hoang Lien Son mountain range, a region that has rarely been studied, despite its high biodiversity
potential [17-18]. The Ta Xua Nature Reserve includes a strictly protected core zone of near-natural
forest; a buffer zone where only traditional forest-use is permitted; and a restoration zone where
forest regenerates after shifting cultivation. Our objectives are to assess differences in the
abundance of red-listed tree species among three conservation zones and analyze whether they
are related to human interference. We want to find out whether the abundance of red-listed tree
species in a given altitudinal range declines with intensity of human interference. Our results may
provide new insights into the ecological characteristics of some red-listed tree species and provide
essential information for evaluating the effectiveness of conservation measures in the research
area.

Methods
Study area
The Ta Xua Nature Reserve (21°13'—21°26 N, 104°16 — 104°46 E, Fig. 1) was established in 2002
[19]. The topography of the region is characterized by its high, steeply sloping mountains, ranging
in altitude from 320 m to 2,765 m a.s.l. with inclinations of between 30° and 40°. The climate is
humid-tropical with high levels of precipitation and is influenced by the north-east monsoon. At the
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nearest meteorological station (Phu Yen, c. 40 km from Ta Xua Nature Reserve at 175 m a.s.l.),
annual precipitation ranges from 1,600 mm to 1,900 mm, and the average temperature is 20°C.

The reserve incorporates a 'core zone' of 15,211 ha, with a forest cover of 87%. This zone is entirely
and strictly protected. All human activities such as logging, hunting, and the gathering of non-timber
forest products are prohibited and signs of these activities were rarely observed. The forest types
range from evergreen, broad-leaved woodland at lower elevations to coniferous forest mixed with
some evergreen, broad-leaved species at the higher mountain peaks [19-20]. The core zone can
only be reached by footpaths, some of which were made before the Nature Reserve was
established, while others mark out ranger patrol and research project routes or tourist trails.

The 'buffer zone' of the reserve encompasses 24,674 ha with a forest cover of 44%, which only
occurs above 900 m a.s.l. and is managed by the H'Mong people in accordance with forest
management regulations established by the forest protection and development law. These
regulations allow an official maximum of 25 trees to be felled per year in a forest area of 10,856 ha.
However, during field work, some illegal tree felling and signs of such felling were observed. Land
below 900 m a.s.l. is mainly agricultural land, with upland rice, maize, and sugarcane cultivation
predominating [19-20].

A protected 'restoration zone' was also established within the reserve, which consists of 2,439 ha
enclosed within the core zone and partly borders the buffer zone. In the past, this area was
populated and cultivated by the H'Mong using shifting cultivation, but it has been subject to
statutory protection since 2002 [19-20].

VIETNAM

Fig. 1. Vietnam and
the geographic
position of the Ta Xua
Nature Reserve. The
actual study area at
1,000 m -1,700 m a.s.l.
is indicated by blue
lines comprising the
core zone, the buffer
Kilometers zone and the
. ; " . & restoration zone.
Sample plots, 40 per
zone, are indicated by
Legend black dots.

Core zone
"« Restoration zone
Buffer zone

Sample plot

Site and plot selection

Based on a reconnaissance survey, a provisional forest cover map was established and an elevation
range of 1,000 m to 1,700 m a.s.l. was selected for the study, as forest occurred in all three
conservation zones. This study area included a 73 ha core zone, 115 ha buffer zone and 22 ha
restoration zone. A grid system with 1,400 cells was created and overlaid on the study area plan to
randomly select the locations for sample plots. Forty plots of 20 x 20 m were then established in
each conservation zone, with the center of each plot located in the center of a selected cell.
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Forest inventory

In the sample plots, trees with diameter at breast height (DBH) > 6 cm were counted; DBH was
measured and species were identified at the species level, with help from two botanists from the
Vietnam Forestry University (VFU). Specimens of species unidentified in the field were collected for
further study at the herbarium of VFU. Individuals that could not be determined to the species level
were classified by their genera or families and sorted into specimens. For purposes of the study,
red-listed tree species included 'threatened' species listed in the Red Lists of the IUCN and Vietnam
[21-22].

Five hemispherical photographs were taken at five different positions inside each sample plot using
a digital camera (Minolta DIMAGE Xt, 185° fish-eye lens) mounted on a self-leveling station (the
first position was located at the centre of each sample plot, while the four remaining positions were
located within a five meter radius around the first position at ninety degree intervals). The
percentage of canopy closure was computed with CAN-EYE V6 software [23] and an average of the
five photographs was used per plot. In the center of each plot, a soil sample was collected from a
depth of 0 cm to 20 cm using a soil auger for determining soil pH, soil organic matter, and soil
texture [24-25]. Litter thickness was measured in cm. Slope inclination and aspect deviation from
north were measured using a compass. Elevation, longitude and latitude were recorded using a
GPS-locator. The number of footpaths and stumps were counted in each sample plot.

Statistical analysis

A T-test/Mann-Whitney U test and an ANOVA/Kruskal-Wallis H test were used to assess mean
comparisons among the three conservation zones (p value was < 0.05). The analytical sample-based
rarefaction and extrapolation were computed using the Bernoulli product model based on a Mao-
Tau estimator and a Chao2 estimator for rarefaction curves and extrapolation curves respectively
[26-28]. The processes were interpolated from 40 empirical plots and extrapolated to three times
as much as the number of empirical plots in each zone using EstimateS software [29]. This
procedure was not applied to the data on red-listed tree species from the restoration zone, because
so few empirical plots harbored red-listed tree species that the required sampling threshold of at
least 20 samples was not met [30].

Canonical Correspondence Analysis (CCA) was applied to determine whether red-listed tree species
abundance was related to the intensity of human interference, as indicated by the variables of
footpath density and number of stumps in the core and buffer zones, using PC-ORD version 5.12
[31]. The main matrix contained the density of red-listed tree species that had been recorded more
than once within a set of sample plots in the core and buffer zones, while the second matrix
contained environmental, forest structural and human disturbance variables measured from the
same plots. The data in the main matrix were logarithmically transformed based on the assumption
of a normal distribution. In the second matrix, the data of eight independent variables (basal area,
canopy closure, litter thickness, number of stumps and footpaths, slope inclination, percentages of
clay and organic matter) were combined and relativized by the maximum to ensure equal
weighting. Spearman correlation was applied to determine whether a red-listed species
significantly correlated with the CCA axes. The CCA were not applied to data from the restoration
zone because of the limited number of red-listed tree species found in the few plots surveyed.

Results

Site conditions and forest structural characteristics

Among the three conservation zones, many of the site conditions, such as elevation, were fairly
comparable (Table 1). However, forest structural characteristics showed significant differences. The
stem density of trees was lowest in the core zone, intermediate in the buffer zone and highest in
the restoration zone, while DBH, basal area and canopy closure showed an opposite trend. The
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differing proportions of trees with DBH > 30 cm between the zones were as follows: 19% in core
zone, 9% in buffer zone and 1% in the restoration zone. Observed tree species richness decreased
from 193 species in the core zone to 173 in the buffer zone and 135 in the restoration zone. Tree
species richness, as predicted by the Chao2 estimator, was 254+17 (mean * standard deviation),
18245 and 15819 in the core, buffer and restoration zones, respectively (Table 1). Regarding
intensity of human interference, the lowest numbers of stumps and footpaths were found in the
core zone, the highest number of footpaths was observed in the buffer zone and the highest
number of stumps was recorded in the restoration zone.

Table 1. Site conditions and forest structural characteristics of the three conservation zones.
(Means and standard deviations, n = 40 plots per zone, small letters indicate significant
differences at p < 0.05)

Core zone Buffer zone Restoration
zone

Total study area (ha) 72.8 115.1 21.6
Mean of elevation (m a.s.l.) 1449.1 £+ 62.6° 1363.3+86.7° 1465.5+91.0°
Lowest and highest elevation (m a.s.l) 1326; 1587 1248; 1557 1034; 1593
Slope inclination (degree) 39.5+7.7° 35.9+5.4° 35.6 £5.9°
Northern aspect (degree) 47.7 + 44.8° 92.1 +56.7° 48.2 +48.1°
Soil pH 4.7 £0.4° 4.7 £0.4° 4.8+0.2°
Sand (%) 18.6 £ 6.4° 21.3+6.6%° 22.2+5.2°
Silt (%) 43.2 +6.4° 42.9 +7.4%° 40.5 +5.6°
Clay (%) 38.2+7.32 35.8+9.32 37.3+£6.2°2
Organic matter (%) 3.0+1.5° 43+1.2° 3.4+16°
Litter thickness (cm) 4.7 +2.0° 34+15° 3.5+1.1°
Tree density (trees 2 6 cm; trees/ ha) 925 + 2512 1006 + 3572 1660 + 387°
Diameter (trees = 6 cm; cm) 21.4+3.4° 16.6 £ 3.0° 12.8+1.4°¢
Basal area (trees > 6 cm; m?/ha) 52.9+21.4° 30.4 +15.4° 24.8 +5.9¢
Canopy closure (%) 88.4+7.2° 84.5+9.4° 81.3+6.4°
Observed tree species richness (sp./40 plots) 193 173 135
*Predicted tree species richness (sp./120 plots) 254+17 18215 15849
Stump (no./plot) 0.6 +0.8° 1.6+1.6" 1.7+1.4°
Footpath (no./plot) 0.9 +0.6° 1.5+0.8° 1.1+0.9%°

* Tree species richness was extrapolated from 40 empirical plots to three times of 120 pooled plots by the Chao2
estimator.

Red-listed tree species

In total, 18 red-listed tree species were recorded, of which 16 species are listed as being of 'high
conservation concern' in the Vietnam Red List, with five listed as 'endangered' and 11 as 'vulnerable'
(Appendix 1). These species are therefore considered 'threatened' at the local level. From the total
of 18 red-listed species, 16 were found in the core zone, 10 in the buffer zone and five in the
restoration zone. The difference between the core and buffer zones became more pronounced
when the expected number of red-listed species was estimated by the Chao2 predictor: 2145
species (mean * standard deviation) in the core zone and 11+2 species in the buffer zone (Table 2).
In relation to the core zone, the S@rensen’s and Jaccard’s similarity indices were higher in the buffer
zone than in the restoration zone, which indicates that the number of red-listed tree species
common to the core zone and the buffer zone was higher than that between the core zone and the
restoration zone.
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Table 2. Observed and predicted red-listed tree species richness in the three conservation
zones. The prediction is based on the Mao-Tau and Chao2 estimators (means and standard
deviations). Further similarity indices in relation to the core zone are provided.

Core Buffer Restoration
zone zone zone
Observed red-listed species richness (sp./40 plots) 16 10 5
Predicted red-listed species richness (sp./120 plots) 21+5 11+2
S@rensen’s index - 0.62 0.48
Jaccard’s index --- 0.44 0.31

Four red-listed tree species (Madhuca pasquieri, Cinnadenia paniculata, Aglaia spectabilis, and
Fokienia hodginsii (Fujian Cypress)) showed the highest frequency and density in the core zone. One
species, Quercus platycalyx, was particularly abundant in the restoration zone. Some other species
were very rare, with only one individual being encountered in 40 plots for each conservation zone
(five species in core zone, three species in buffer zone and three species in restoration zone). Of
red-listed species that only occurred in a specific zone, seven species (inc. Castanopsis tessellata,
Lithocarpus vestitus, Magnolia braianensis) were found only in the core zone and two species
(Canarium pimela, Cinnamomum balansae) were found only in the buffer zone.

Relationships of ecological and human disturbance factors to the abundance of red-listed
tree species

The two CCA axes explained 13.1% of the variance of density of red-listed tree species in the core
and buffer zones (Fig. 2). The first axis (eigenvalue = 0.4) correlated positively with footpath (r =
0.4) and negatively with basal area (r = -0.4) at p < 0.05. The density of one species, Castanopsis
cerebrina, showed a positive correlation with axis 1. Four other species (Madhuca pasquieri,
Fokienia hodginsii, Castanopsis tessellata and Lithocarpus vestitus) with the highest frequency in
the core zone showed negative correlations with axis 1. The second axis (eigenvalue = 0.3) related
positively with basal area (r = 0.8) and canopy closure (r = 0.7), and negatively with footpath (r = -
0.5) at p < 0.05. The density of Aglaia spectabilis showed a positive correlation with axis 2.
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A Buffer zone
* Species

o
Axis 2

Fig. 2. Canonical correspondence
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and density red-listed tree species
which were encountered more
than once in the core and buffer
zones. The first and the second
axes explained 7.3%, and 5.8% of
the variance of present data,
respectively. Correlation
threshold r2= 0.26. (BA = basal
area, Fpath = footpath,
abbreviation for species code as in
Appendix 1).
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Discussion

Our objectives were to evaluate differences in the abundance of red-listed tree species between
different conservation zones and analyze whether they are related to human interference in the Ta
Xua nature reserve in north-western Vietnam. While the study of a single nature reserve with such
zonation can be constrained by pseudo-replication [32], our sample plots were selected based on
a random procedure. Our study revealed that the richness and abundance of both red-listed species
and all tree species in our study area decreased from the core through the buffer to the restoration
zones, which indicates a decline in tree species richness and abundance with human interference.
However, further studies of other protected areas with similar statutory zoning characteristics
would be very welcome in order to draw more general conclusions. Our analysis was based on
random sample plots, which, in the case of rare events, may have been constrained by lack of
observations in many of the plots. We used 40 randomly allocated plots per zone, and particularly
in the restoration zone, only a few species were found in a limited number of plots. While this may
reflect current conditions, it does not facilitate detailed statistical analysis. Other methods that may
have been employed, such as line distance sampling or adaptive cluster sampling, are believed to
be more efficient in the case of rare events [33-34] and are recommended for a better
understanding of tree species distribution and abundance in such areas. However, these methods
also depend on an informed tree species selection (e.g. rare and clustered species for adaptive
cluster sampling), which is often unknown before a survey and for which we think a plot-based
random sampling approach would represent an appropriate step. For the comparison of red-listed
tree species abundance among different conservation zones, environmental parameters of the
studied areas should be as comparable as possible. In our study, many environmental parameters,
such as elevation, slope, soil pH, and soil texture, suggest that site conditions were fairly
comparable, partly due to the limited size of the study areas. In addition, a sound evaluation
depends on precise identification of tree species, and although two expert botanists from the VFU
participated in this process, potential errors cannot be excluded, and our data contain some
unidentified tree individuals (2.5% in core zone, 1.5% in buffer zone and 1.5% in restoration zone).

Our results indicate that the abundance of all tree species and red-listed tree species declined from
the core zone through the buffer zone to the restoration zone in our study area. This is similar to
studies from tropical rain forests in Chiapas, Mexico and India - where canopy, basal area, and tree
species diversity declined with disturbance intensity [35-38] - while similar results were found for
species richness in the Jau National Park in the Amazon Rainforest [39]. Other studies from central
Africa [40] and the Xuan Son National Park in Vietnam [41] respectively found endemic species
richness and the abundance of five selected rare tree species to be lower in regenerating forest
after shifting cultivation and in selective logged forest.

Some species, such as Castanopsis purpurella, Castanopsis tessellata, and Lithocarpus vestitus,
were exclusively found in the core zone, and others showed their highest densities there (Madhuca
pasquieri, Aglaia spectabilis, Fokienia hodginsii). In contrast, the buffer and restoration zones
contained fewer red-listed tree species, most of which occurred at lower densities. Exceptions
included Castanopsis cerebrina in the buffer zone and Quercus platycalyx in the restoration zone,
both of which are considered early successional, light-demanding species [42].

Our data suggest that the abundance of red-listed tree species declined with increasing intensity of
human interference on the forest. However, in our canonical correspondence analysis - which
included environmental and forest structural parameters and two proxies for human disturbance -
the explanation of the two axes was relatively low, at only 13.1% of the variance of density of red-
listed tree species in the core and buffer zones. Low percentages of explanation of tree species
abundance by environmental parameters are not uncommon in tropical forests. Despite being not
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closely comparable, environmental factors explained only 6.2% and 10.1% of the variation between
tree species composition in the Amazonian forest and the Ben En National Park in Vietnam studies
respectively [43-44]. Similarly low values from a study of rare tree species in the Visayas in the
Philippines were also recorded [45]. The high tree species richness of tropical forests and the
mechanisms involved in tree species distribution, such as dispersal limitation, may explain the low
percentages of explanation of tree species abundance by environmental parameters [46-47].

Our study further suggests that even low intensity forest use can reduce the abundance of red-
listed tree species. Some other studies found no or only very few changes in tree species richness
under low intensity selective logging [6], and in regenerating forest after shifting cultivation [48];
however, changes in red-listed tree species abundance were not mentioned. Red-listed tree species
are probably more vulnerable to disturbance intensity than other species because of individual
limitations among populations. Our findings are more in line with the study from Ben En National
Park in Vietnam, where red-listed tree species abundance decreased with increasing intensity of
human disturbance [44]. In the present study, the high number of red-listed tree species in the core
zone illustrates the merits of strict protection measures, while the low numbers of red-listed tree
species in the buffer and restoration zones indicate that these species are sensitive to selective
logging and shifting cultivation. From a conservation point of view, low selective logging intensity
seems to represent a better protection measure for threatened species than shifting cultivation.

Implications for land use and conservation

In our study from the Ta Xua nature reserve, we found the highest abundance of red-listed trees in
the core zone, which emphasizes the importance of strictly exclusive statutory protection
measures. In the buffer zone, the integration of local people in forest management coupled with
regulations governing logging intensity represents a suitable policy for reconciling both
conservation and socio-economic development goals, since it most likely serves local demands
while ensuring some level of conservation. However, the abundance of red-listed tree species was
lower than in the core zone, and considering that illegal logging was frequently observed, we
recommend that logging intensity should be more strictly controlled. Finally, while the lowest
number of red-listed tree species was recorded in the secondary growth forest of the restoration
zone, given the anticipated rate of change in rare species composition, e.g. after 50-60 years of
recovery of endemic tree species in shifting cultivation sites in central African rain forest [40], this
area may make an important contribution to biodiversity conservation in the future.
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Appendix 1. Conservation status, number of individual trees with DBH > 6cm, frequency and density of red-listed tree species in three
conservation

Scientific name Species Common Conservation Core zone Buffer zone Restoration zone
code Vietnamese name?® status® Zones. The
VN IUCN No. Freq n/ha No. Freq n/ha No. Freq n/ha results from 40
] red list indi. indi. indi. sample pIots
Aglaia spectabilis (Mig.) S.S. Jain & S.S.R. Bennet Agla Goinép VU LC 12 8 8 1 1 1 1 1 1
Canarium pimela K.D:Koenig Canar. Tram den VU nl 1 1 1 (20x20m) per
Castanopsis cerebrina (Hickel & A.Camus) Barnett Ca.cer S6i phang EN nl 4 3 3 13 11 8 9 2 6 each zone.
Castanopsis lecomtei Hickel & A.Camus Ca.lec Ca i Sapa vuU nl 3 3 2 10 6 6
Castanopsis purpurella subsp. Purpurella Ca.pur Dé gai do VU nl 3 3 2
Castanopsis tessellata Hickel & A.Camus Ca.te cabiladda vuU nl 2 2 1
Cinnadenia paniculata (Hooker f.) Kostermans Cinnade. Khdo xanh vuU LC 12 10 8 1 1 1
Cinnamomum balansae Lecomte Cinnamo. Vu hwong VU EN 1 1 1
Dacrycarpus imbricatus (Blume) de Laub. Dacry. Thong nang nl LC 2 2 1 2 1
Fokienia hodginsii (Dunn) A. Henry & H. H. Thomas  Fokie. PO mu EN VU 11 5 7 2 3 1 1 1
Goniothalamus macrocalyx Ban Gon. Mau cau trang vuU VU 1 1 1
Lithocarpus vestitus (Hickel & A.Camus) A.Camus Li.ves S6i 1ng nhung EN nl 3 3 2
Madhuca pasquieri (Dubard) H.J.Lam Madhu. Sén mat EN VU 35 16 22 2 2 1
Magnolia baillonii Pierre Ma.bai Gibi ging vu LC 1 1 1
Magnolia balansae A.DC. Ma.bala Gidi lbng Y DD 1 1 1 2 2 1
Magnolia braianensis (Gagnep.) Figlar Ma.bra. Gibi nhung EN DD 1 1 1
Podocarpus neriifolius D.Don Pod. Thong tre 14 dai nl LC 1 1 1
Quercus platycalyx Hickel & A.Camus Qu.plat Dé cau VU nl 7 7 4 7 6 4 29 4 18
Total 99 43 41

No.indi. = Number of individuals; Freq. = Frequency of number of plots appeared red-listed tree species out of 40 sample plots; n/ha = Density of red-listed
tree species per hectare
2 Based on [22,42]; °Based on [21,22]; VU = vulnerable; EN = endangered; LC= least concern; DD = data deficient; nl = not listed.
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