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Abstract

Safeguarding biodiversity is an important component of the REDD+ scheme of the United Nations
Framework Convention on Climate Change. Information on tree species and their distribution is
therefore needed for successful implementation of forestry carbon projects. Forest inventory data
were collected in four natural forests located in Popa Mountain Park, Myanmar. Based on the data
from 4-ha sample plots, average stem density ranges from 1293 trees ha-! in dry dipterocarp for-
est to 804 tree ha-! in dry evergreen forest. According to the Jackknife estimator for species rich-
ness (trees with DBH = 5 cm), the highest number of species was recorded in dry mixed deciduous
forest—74 species ha-1, and the lowest number of species recorded in dry forest—40 species ha-1.
Dry mixed deciduous forest occupied the highest value on the Shannon-Wiener index and Simpson
diversity index while the lowest was in dry forest, indicating that dry mixed deciduous forest is the
most complex whereas dry forest is the simplest community. Not only does this study provide
useful information on the current status of vegetation type but the information is important for
designing forestry management systems that could result in biodiversity conservation and carbon
emission reductions.
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1. Introduction

Conservation of natural forest resources is an important component of climate change mitigation strategies in the
region [1]. For a good forest conservation plan, understanding tree species composition and knowledge of the
forest stand structure is necessary [2] because forest composition and species population sizes show species to-
lerance of prevailing environmental conditions, particularly rainfall and soils in addition to local site history [3].
Tropical forests are especially affected by the activities and needs of local people [4]. Demand for wood and
non-wood forest products increases along with increasing population [5]. These activities vary over time and
space [6] and also have different degrees of impact on forest vegetation [7]. Due to overexploitation and defore-
station, tropical forests are disappeared at an alarming rate. Between 1990 and 2005, tropical forests lost about
13 million hectares a year [8] and deforestation and forest degradation were the main cause of species extinction
[9]. Tropical deforestation and forest degradation have brought international concern over forest composition
and tree species. Safeguarding local benefits and biodiversity is an important requirement for carbon project de-
velopment under the reducing emission from deforestation and forest degradation, sustainable management of
forests and enhancement of forest carbon stocks (REDD+) of the United Nations Framework Convention on
Climate Change (UNFCCC). Therefore, monitoring changes of tree diversity and forest structure becomes im-
portant for the successful implementation of any REDD+ scheme because REDD+ scheme focuses not only on
reducing carbon emissions, but also on safeguarding biodiversity and socio-economics of forest dependent
communities in developing countries.

Biodiversity inventories are used to determine the nature and distribution of biodiversity resources of the fo-
rests to be managed [10]. Using resource inventory as a basis of stand structure, species composition and dy-
namic is important for development of strategies for achieving sustainable management of forests [11]. Fur-
thermore, species diversity is one of the analytical tools applied in determining the degree of variability of tree
species within a community or a region [12]. Quantifying tree species distribution and abundance is also an im-
portant aspect of forest conservation as they contribute to the structural characteristics of the forest [13]. Never-
theless, forest inventory data in developing countries are not up to date because the concerned forests become
degraded, fragmented or patchy soon or later after logging [3]. Therefore, it is critical to examine the current
status of species diversity using latest inventory data as such data will provide appropriate guidelines for devel-
oping effective system of forest conservation and forest management.

Myanmar is a heavily forested country with the high rate of deforestation of 0.93% annually in the last decade
2000 and 2010 [8]. Forests and biodiversity in Myanmar have been under severe pressure due to population
growth accompanied by increase in resource use and increasing demand for timber resources from neighbouring
countries [14]. Various studies suggest that protected areas (PAs) can play a crucial role in conserving the bio-
diversity of Myanmar [15] and are an effective approach for reducing deforestation and forest degradation [16].
This study was conducted in Popa Mountain Park (PMP hereafter). Located in central Myanmar, PMP is ac-
knowledged as containing high diversity of plants in Myanmar. Some locations in PMP were found to have the
high diversity of plant species. In western park and some crater areas of PMP, about 300 species were recorded
in 1992 [17] and 221 species were recorded in 1997 at a location in the crater area [18]. Information on tree
composition and diversity of tree species is of primary importance in the planning and implementation of biodi-
versity conservation efforts and forest management [19]. Despite having been recognized as having the highest
species diversity in Myanmar, there is no information on floristic composition, tree density, basal area, species
richness and diversity for natural forests in the PMP. This paper investigated in four natural forest types in PMP
and stand structures in each type were analyzed in order to determine the level of species composition, diversity
and distribution in the area. Information from this study will provide a valuable reference for appropriate forest
conservation that will result in reducing deforestation and forest degradation.

2. Methods
2.1. Study Area

The research was carried out at Popa Mountain Park (PMP), where high diversity of plants (including medicinal
plants) were found. The area was classified by Myanmar’s forest department as forest reserve in 1902. Popa
Reserve was proposed as protected area by the Nature Conservation National Park Project conducted between
1981 and 1984. The area was subsequently declared a Protected Area in 1989. The park covers an area of about
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10,000 ha, of which 88.7% is covered by forest [20]. Elevation ranges from about 300 to 1500 m above sea level.
Mean maximum and minimum monthly temperatures respectively are 31.30°C and 8.52°C and the mean annual
rainfall is about 1170 mm (Popa Forest Department office, 2013, unpublished data). The PMP includes a diverse
range of vegetation types such as dry mixed deciduous forest, and dry dipterocarp forest (scrub indaing forest),
dry forest (Than-dahat forest) and dry hill or evergreen forest [20]. All forests in PMP are second or third
growth forests as results of timber harvesting and clearing for agriculture in the early twentieth century [21].

A volcanic plug at the western foot of Mount Popa or Taung-kalat in local name, is a prominent landmark and
widely known as a religious site for local people. Popa Mountain Park is also an important watershed for the
surrounding area (especially for Kyaupadaung Township). Therefore, Popa Mountain Park was designated as a
protected area for conservation of the forest, protection of the watershed of the Kyet-mauk-taung dam located at
the southern edge of the park, conservation of medicinal plants for sustainable use, preservation of existing reli-
gious sites and to ensure sustainability of water sources, including natural springs [22]. To provide better protec-
tion for the forest within the area, and to regulate the local use of vegetation outside the boundary, an area of
10,360 ha was established as a buffer zone surrounding the Park in 2010. There are 45 villages located in the
surrounding areas of the park. The major agricultural practices on the eastern side are cultivation of bananas,
fruits and other seasonal crops, while the main activities on the west side are cultivation of rain-fed rice paddies,
palm-sugar production, small-scale fisheries, and seasonal crops [23] (Figure 1).

2.2. Vegetative Inventory

Data for this study were collected from dry mixed deciduous forest, dry dipterocarp forest, dry forest and dry
hill or evergreen forest. Twenty five sample plots, each with an area of 400 m? (20 m x 20 m) were laid out in
each forest type. The height (Ht) and diameter at breast height (DBH) of all trees (DBH > 5 ¢cm, Ht > 1.3 m)
were measured in each plot. “A Checklist of the Trees, Shrubs, Herbs and Climbers of Myanmar” [24] was used
to identify plant species by botanical and local names with assistance of taxonomic experts.
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Figure 1. Location map of the study area.
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2.3. Data Analysis

The data were analyzed for species composition, richness, diversity, species Importance Value Index (IVI). The
species richness were estimated using the Jackknife estimator [25]. To provide quantitative estimates of plant
diversity, Simpson’s index [26] and Shannon’s index [27] were used. Evenness indices, which are a structural
composition index reflecting the dominance of species were also calculated. The Sorenson’s quantitative index
which accounts for the relative abundance of shared species was used to assess the degree of floristic similarity
within and between the forest stands [28]. For assessing the ecological importance or significance of a species,
the VI were used [29]. To assess taxonomic and structural composition between the forest types, the IVI value
was calculated at the level of families. Family important values was computed as the average of the relative bas-
al area, density and frequency.

3. Results
3.1. Species Richness and Diversity

Species richness is the basic component of diversity of any community [30]. The Jackknife estimator for species
richness of trees (DBH > 5 cm) showed that dry mixed deciduous forest (DMDF) occupied the greatest number
of species (74 species) followed by dry dipterocarp forest (DDF) (53 species), dry forest (DF) (45 species) and
dry hill/evergreen forest (DHEF) (40 species) (Table 1). Our findings of tree species are in the range of that
found in mature tropical forest, 56 - 282 species ha * (DBH > 10 cm) [31]. Our findings are also in line with
other study [32] in five tropical dry forests on Oceanic islands. Their study found 242 species ha* (DBH > 2.5
cm) in New Caledonia, 112 species ha* in Fiji, 39 species ha ! in the Mariannas, 24 species ha ' in the Mar-
quesas and 96 species ha* in Hawaii. But our findings are lower than that found in dry tropical forests of India,
where 190 species ha * (DBH > 5 cm) were recorded [33] and 105 species ha* (DBH > 10 cm) were found in
the tropical seasonal forest in Khao Yao National Park in Thailand [34]. The difference may be due to the forest
locations and tree size (i.e. DBH) recorded during forest inventory. We enumerated trees with only having above
5 cm DBH. The difference in terrain, gradient and slope direction causes differences in the soils, water and mi-
croclimate which causes differences in species adaptability [19].

Tree diversity inclines provide important information about rarity and commonness of species in a community
[19]. Shannon’s diversity index (H’) places more weight on the rare species while Simpson’s diversity index
(1-D) gives more weight to those species which occur more frequently [28] [35]. In Popa Mountain Park,
DMDF occupied the highest value of Shannon-Wiener index and Simpson diversity index, 3.61 and 0.96, re-
spectively. Both diversity indexes indicated that the species diversity of DMDF is the highest among all forests
in PMP. The larger the value of H’, the greater the species diversity and vice versa [36]. The Shannon-Weiner
diversity Index (H”) value stood at 3.61 in DMDF, 2.96 in DDF, 1.45 in DF and 2.41 in DHEF, indicating that
among forest types, DMDF was the most complex in species diversity whereas DF is the simplest community in
term of species composition. This implies that elevation and aspect favors diversity and may be partly responsi-
ble for the diversity index obtained at Popa Mountain Park.

Our study findings are in line with the findings of Bhat [37] in the six fresh water swamp forests of Karnataka
in India, with H* of 2.53, 3.69, 2.46, 4.04, 3.25 and 4.90. Similarly, in the northern forest-savana ecotone of
Ghana [38] obtained H’ values of 3.02, 0.04 and 0.39 at near-forest ecotone, near-savana ecotone and mid-eco-
tone. However, when compared with the findings of Kumar [39] in three sites of tropical dry deciduous forest in
western India, where H’ values of 0.67 - 0.79 were recorded, the H’ value of dry deciduous forest (2.96) in PMP
is significantly higher. This indicates that diversity and richness in terms of species, and their distribution, is
largely dictated by climate and ecological conditions, a view supported by Bello [12].

Table 1. Species richness and diversity in PMP.

Parameter DMDF DDF DF DHEF

Species richness (Jackknife estimator) 74.00 53.61 45.54 40.75
Shannon-Wiener function (H’) 3.61 2.96 1.45 241
Simpson’s diversity index (1-D) 0.96 0.92 0.50 0.84
Shannon evenness (j’) (%) 83.95 74.62 38.08 65.36

“DMDF = dry mixed deciduous forest, DDF = dry dipterocarp forest, DF = dry forest, DHEF = dry hill/evergreen forest.
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Species evenness (E) is a measure of equitability of spread. Values obtained were 0.83 in DMDF, 0.74 in
DDF, 0.38 in DF and 0.65 in DHEF. The species in DMDF were more abundant, and the percentage of evenness
j (%) was close to 1.0. Therefore, Shannon’s evenness (j) shows that DMDF have highest species diversity and
DF have the lowest species diversity in PMP. The slope direction influences tree species diversity at different al-
titudes [40].

3.2. Floristic Composition

To assess the species composition and stand structure, the important value index (I\VI) was used. No single spe-
cies clearly dominated in dry mixed deciduous forest (Table 2). In dry mixed deciduous forest, the most abun-
dant species were Shorea obtusa (8.58% important value index, V1), Croton roxburghianus (7.34% IV1), Pit-
tosporum napaulensis (4.83% IVI1). The highest VI value belonged to the species Shorea obtusa in dry diptero-
carp forest whereas Tectona hamiltoniana in dry forest and Vitex canescens in Dry hill or evergreen forest.

Among all forest types, the most frequently occurring species is Techtona hamiltoniana (in dry forest), with
610 individuals recorded with a relative frequency of 17.12%. Due almost solely to its high relative frequency,
Techtona hamiltoniana also has the highest species importance value of 54.25. The next most frequently occur-
rance species and most important species are Vitex canescens (in DHEF) with important values of 29.13
representing by 263 individual trees with relative frequencies of 12.72%. Result of our study suggest that Tech-
tona hamiltoniana is an ecologically important species in Popa Mountain Park. In DMDF, 52.59% of the rela-
tive abundance included 10 common species (13% of total in DMDF) while 55.45% of RA (Relative Abandance)
included five common species (9% of total species) in DDF. In DF only one species made up 70.03% of RA
whereas two species made up 52.61% of RA in DHEF. These findings indicate that the number of species per
unit area were high in all investigated forests.

At the family level, it was found that the taxonomic composition of the forests in PMP are different. DMDF
was dominated by Dipterocarpaceae, Euphorbiaceae and Combretaceae. Dipterocarpaceae also dominant family
in DDF, followed by Verbenaceae, Combreaceae. While, Verbenaceae (mainly Techtona hamiltoniana), Com-
bretaceae and Rhamnaceae were the most common forest tree families in DF. In DHEF, Verbenaceae is the do-
minant family of trees mostly represented by the Vitec canescens tree and Myrsinaceae and Bixaceae (Table 3).

Dipterocarpaceae family was the family with the highest ecological importance given the VI value in DMDF.
The Dipterocarpaceae with only 3 species ranking 4™ in the species-rich family in DMDF, is the most important
family based on the IVI values. This highlights that the most species-rich families are not necessarily the most
important families based on the 1VI values. For example, in DDF, the Dipterocarpaceae with only 3 species
ranking 3" in the species-rich family was the most important family based on the results on V1. This is due to
the high number of individuals and high frequencies. In DF, the highest important value was found in Verbena-
ceae family, which has 4 species, ranking as the 2" species-rich family. In DHEF, Verbenaceae family, although
with only one species, was the highest ecologically important family according to the 1VI value. This is because
each species was represented with many individuals.

Verbenaceae, Caesalpiniaceae and Moraceae were observed as species rich families for DMDF, representing
5 species (8% of the total species) in each family (Table 4). For DDF, the species rich families were Verbena-
ceae, which possessed 5 species with 9% of the total species, Anacardiaceae and Rubiaceae which possessed 4
species with 8% of the total species. The species rich families for DF were found to be Fabaceae and Mimosa-
ceae which were represented by 5 species with 11% of the total species. In the case of DHEF, the species rich
families were Fabaceae and Mimosaceae which processed 3 species with 8% of the total species.

3.3. Floristic Homogeneity and Similarity

An approximate indication of the homogeneity of a stand and of high diversity of tree species can be expressed
by frequencies [35]. Species were assigned the frequency classes I, II, 11, IV and V using their absolute fre-
quencies 0% - 20%, 20% - 40%, 40% - 60%, 60% - 80% and 80% - 100%, respectively. If high values are found
in frequency classes I/l and low values in frequency classes 1V/V, it would indicate a high degree of floristic
heterogeneity. If high values were found in frequency classes 1V/V and low values in I/11, it indicates constant or
similar tree species composition in the area. Frequencies depend on the size of the subplots. The larger the sub-
plots, the higher the number of species that will be found in the higher frequency class. Comparison of frequen-
cy diagrams is therefore possible when based on the areas with the same subplot sizes. As shown in Figure 2,
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Table 2. Ten highest species important value index (V1) of forests in PMP.

Scientific name = %A 3V XD R R !
(n/ha)  (m9ha) (m°/ha) (%) (%) (%) (%)
Shorea obtusa Wall. 103 3.78 29.48 9.71 225 1376 8.58
Croton roxburghianus N. P. Balakr 100 1.91 11.95 9.43 5.63 6.95 7.34
Pittosporum napaulensis (DG) Rehder Wilson 76 0.93 5.15 7.16 3.94 3.39 4.83
Bixa orellana L. 64 1.08 6.84 6.03 3.10 3.95 4.36
Dry mixed Terminalia crenulata (Heyne) Roth 41 1.83 14.07 3.86 2.25 6.66 4.26
deciduous Flacourtia cataphracta Roxb. 45 0.97 5.71 4.24 3.10 3.53 3.62
forest Litsaea glutinosa (Lour) C. B. ClI. 43 0.94 6.15 405 338 343 3.62
Strychnos potatorum L.f 40 0.52 2.66 3.77 3.38 1.89 3.01
Dipterocarpus tuberculatus Roxb. 17 1.327 16.14 1.60 1.69 4.82 2.70
Diospyros spp. 29 0.47 3.18 273 338 171 2.61
Others 204 5.12 42.99 4741 3099 18.60 22.94
Total 1061 27.52 214.69 100.00 100.00 100.00 100.00
Shorea obtusa Wall. 251 6.63 34.82 19.41 6.19 2891 18.17
Dipterocarpus tuberculatus Roxb. 172 5.19 34.21 13.30 593 2265 13.96
Shorea siamensis (Kurz) Mig. 121 2.16 12.38 9.36 5.67 9.43 8.15
Terminalia crenulata (Heyne) Roth 93 142 6.86 7.19 6.19 6.20 6.53
Dry Dalbergia oliveri Gamble 80 0.97 5.93 6.19 5.67 4.23 5.36
dipterocarp Buchanania lanzan Spreng. 49 0.99 6.03 3.79 5.93 4.33 4.68
forest Premna pyramidata Wall. 47 1.05 6.33 363 464 458 4.29
Chionanthus ramiflora Roxb. 54 0.41 1.52 4.18 4.12 1.79 3.36
Diospyros burmanica Kurz 49 0.59 2.93 3.79 3.61 2.56 3.32
Wendlandia tinctoria DC. 44 0.34 1.15 3.40 3.87 147 291
Others 333 3.18 14.66 2575 4820 13.85 29.27
Total 1293 22.93 126.81  100.00 100.00 100.00 100.00
Tectona hamiltoniana Wall. 610 20.32 160.97 70.03 17.12 75.59 54.25
Terminalia oliveri Brandis 75 3.48 39.71 8.61 13.01 1294 11.52
Tectona grandis L.f 42 0.50 2.51 4.82 6.16 1.88 4.29
Lannea coromandelica (Houtt). Merr. 18 0.28 1.74 2.07 8.22 1.03 3.77
Dalbergia oliveri Gamble 18 0.56 5.05 2.07 6.16 2.10 3.44
f(?r?;t Diospyros burmanica Kurz 10 0.12 052 115 274 045 144
Morinda tinctoria Roxb. 8 0.07 0.21 0.92 2.74 0.24 1.30
Acacia catechu Willd. 6 0.12 0.74 0.69 274 0.43 1.29
Dalbergia cultrata Grah. 4 0.09 0.52 0.46 2.74 0.32 1.17
Albizzia chinensis (Osbeck) Merr. 3 0.25 2.80 0.34 2.05 0.94 111
Others 77 1.10 5.57 8.84 36.30 4.09 16.41
Total 871 26.88 220.33 100.00 100.00 100.00 100.00
Vitex canescens Kurz 263 20.07 284.52 32,71  12.72  41.96 29.13
Rapanea af. Neriifolia (Seib & Zucc) Mez. 160 5.47 50.42 1990 8.09 1143 13.14
Bixa orellana L. 63 1.95 15.20 7.84 9.25 4.09 7.06
Eriobotrya bengalensis (Roxb.) Hook. f. 32 3.17 57.19 3.98 5.78 6.63 5.46
Dry Syzygium cumini (L.) Skeels. 22 2.23 24.49 2.74 8.09 4.65 5.16
hill/evergreen Wendlandia tinctoria DC. 43 131 13.11 5.35 6.36 2.75 4.82
forest Croton roxburghianus N. P. Balakr 44 1.48 11.18 547 462 310 4.40
Litsaea glutino (Lour) C.B.CI. 30 2.62 25.79 3.73 3.47 5.48 4.23
Cinnamomum obtusifolium (Roxb.) Nees 27 0.62 5.12 3.36 4.62 1.29 3.09
Cissus discolor Blume 20 0.19 0.90 2.49 5.20 0.40 2.70
Others 100 8.71 122.80 1244 31.79 18.22 20.82
Total 804 47.83 610.72  100.00 100.00 100.00 100.00

SD = stand density, BA = basal area, Vol = volume, RD = relative density, RF = relative frequency, RBA = relative basal area.
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Table 3. Ten highest family important value index (I\V1) of forests in PMP.

Family name NS SD I%A ;/ RD RF RBA VI
(n/ha) (m?/ha) (m°/ha) (%) (%) (%) (%)
Dipterocarpaceae 3 146 5.98 52.69 13.76 3.00 21.72 12.83
Euphorbiaceae 5 118 2.32 17.29 11.12 8.00 8.41 9.18
Combretaceae 4 58 2.88 27.44 5.47 5.00 10.47 6.98
Fabaceae 3 52 141 9.81 4.90 6.33 5.11 5.45
Dry mixed Pittosporaceae 1 76 0.93 5.15 7.16 4.67 3.39 5.07
deciduous Verbenaceae 6 46 1.35 10.19 4.34 5.33 4.92 4.86
forest Bixaceae 1 64 1.09 6.84 6.03 3.67 3.95 4.55
Caesalpiniaceae 6 39 1.28 13.41 3.68 4.67 4.64 4.33
Lauraceae 1 43 0.95 6.15 4.05 4.00 3.43 3.83
Flacourtiaceae 1 45 0.97 571 4.24 3.67 3.53 3.81
Others 43 374 8.37 60.02 35.25 51.67 30.42 39.11
Total 74 1061 27.52 214.69 100.00 100.00 100.00  100.00
Dipterocarpaceae 3 544 13.99 81.40 42.07 9.26 60.98 37.44
Verbenaceae 5 101 1.55 8.61 7.81 8.52 6.75 7.69
Combretaceae 3 98 1.46 7.07 7.58 8.89 6.37 7.61
Anacardiaceae 4 95 1.30 7.09 7.35 8.89 5.66 7.30
Fabaceae 2 89 1.07 6.40 6.88 8.52 4.67 6.69
dipteDrroycarp Rubiaceae 4 64 0.49 1.86 4.95 7.78 2.15 4.96
forest Ebenaceae 2 51 0.59 2.95 3.94 5.56 2.59 4.03
Oleaceae 1 54 0.41 1.52 4.18 5.93 1.79 3.96
Loganiaceae 2 30 0.50 2.28 2.32 5.19 2.16 3.22
Mimosaceae 3 24 0.32 1.94 1.86 4.44 1.37 2.56
Others 24 143 1.26 5.68 11.06 27.04 5.50 14.53
Total 53 1293 22.93 126.81 100.00 100.00 100.00  100.00
Verbenaceae 4 657 20.85 164.16 75.43 10.66 77.57 54.55
Combretaceae 4 83 3.65 40.29 9.53 0.82 13.56 7.97
Rhamnaceae 1 1 0.00 0.01 0.11 20.49 0.01 6.87
Rubiaceae 2 9 0.07 0.21 1.03 17.21 0.24 6.16
Dipterocarpaceae 2 3 0.06 0.23 0.34 9.02 0.22 3.19
f(l)Dr?e/;t Flacourtiaceae 1 2 0.07 0.29 0.23 9.02 0.25 3.16
Fabaceae 5 27 0.67 5.63 3.10 2.46 249 2.68
Mimosaceae 5 17 0.42 3.74 1.95 1.64 1.57 1.72
Sapindaceae 1 6 0.06 0.18 0.69 4.10 0.22 1.67
Burseraceae 1 2 0.08 0.48 0.23 4.10 0.29 1.54
Others 19 64 0.96 5.66 7.35 20.49 3.58 10.47
Total 45 871 26.88 220.87 100.00 100.00 100.00  100.00
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Continued
Verbenaceae 1 263 20.07 284.52 32.71 13.25 41.96 29.31
Myrsinaceae 1 160 5.47 50.42 19.90 8.43 11.43 13.25
Bixaceae 1 63 1.95 15.20 7.84 9.04 4.09 6.99
Euphorbiaceae 2 48 3.22 35.40 5.97 7.23 6.74 6.65
Dry Rosaceae 1 32 3.17 57.19 3.98 6.02 6.63 5.54
hill/evergreen Myrtaceae 1 22 2.23 24.49 2.74 8.43 4.65 5.27
forest Rubiaceae 2 45 1.35 13.23 5.60 7.23 2.82 5.21
Fabaceae 3 39 3.06 29.86 4.85 4.22 6.39 5.15
Lauraceae 1 27 0.62 5.12 3.36 4.82 1.29 3.16
Vitaceae 1 20 0.19 0.90 2.49 5.42 0.40 2.77
Others 26 85 6.51 94.40 10.57 25.90 13.60 16.69
Total 40 804 47.83 610.71 100.00 100.00  100.00  100.00

NS = number of species, SD = stand density, BA = basal area, Vol = volume, RD = relative density, RF = relative frequency, RBA = relative basal
area.

Table 4. Floristic similarity of forest types in PMP.

Families similarity Species similarity
Forest stand = = = =
Sorencen’s index (%) Jaccard index (%) Sorencen’s index (%) Jaccard index (%)
DMDF and DDF 86.67 79.79 64.57 67.41
DMDF and DF 64.29 59.55 45.38 54.49
DMDF and DHEF 77.42 77.73 52.63 50.54
DDF and DF 72.00 71.67 46.94 65.40
DDF and DHEF 64.29 77.67 43.01 57.74
DF and DHEF 53.85 75.87 25.88 53.44
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Figure 2. Frequency diagram of the dry mixed deciduous forest (a); dry dipterocarp forest (b);
dry forest (c) and dry hill or dry evergreen forest (d).
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frequency values in I/1l classes are higher than in IV/V classes indicating that all forests in PMP have a high de-
gree of floristic heterogeneity and high diversity of species.

The similarities in species compaosition between the forests are presented in Table 4. Similarity indices range
from 0.0 - 1.0, corresponding to a 0% - 100% similarity between any two plant communities. Coefficients of si-
milarity of species composition (Sorensen’s index) between DMDF and DDF showed higher values. Their re-
spective vegetation communities share 86% of the species between the DMDF and DDF. When the forest stands
were paired and compared against each other, only DMDF and DDF showed a highly similar species composi-
tion. It was found that 46 species were common between the DMDF and DDF, 27 species between DMDF and
DF, 30 species between DMDF and DHEF, 23 species between DDF and TDF, 20 species between DDF and
DHEF and 11 species between DF and DHEF. Likewise, high similarity values of the family were found in
DMDF and DDF.

3.4. Stand Structure

It was found that dry evergreen forest has the highest mean diameter at breast height (DBH) 24.03 cm and dry
dipterocarp forest has the lowest mean DBH, 11 cm (Table 5). Mean tree density (DBH > 5 cm) of the various
forest stands was DMDF, 1061 trees ha ', DDF, 1293 trees ha ', DF, 871 trees ha ' and DHEF, 804 trees ha .
The standing volumes were 214.69 m*ha* in DMDF, 126.81 m*ha ' in DDF, 220.33 m*ha ' in DF and 610.72
m*ha * in DHEF. The mean volume of DHEF was highly significantly different (p > 0.01) among the forests in
PMP. However, the stand density was the lowest in DHEF while the standing volume strongly suggestion that
the trees in DHEF are more mature than other forests. In term of species, Shorea obtusa made up the highest
standing volume (29.48 m*ha ') in DMDF and (34.82 m*ha*) in DDF while Tectona hamiltoniana was the
highest (160.97 m*ha ) in DF and Vites canescen (284.52 m*ha ') in DHEF.

Diameter frequency distributions provide a useful substitute for development trends of the stands [35] and
help to evaluate potential forest sustainability [41]. For all forest types in PMP, it was found that increasing tree
size classes results in drastically decreased species richness (SR), density (D) and diversity (H’) (Table 6).
Shannon-Wiener diversity Index (H’) showed that the smaller DBH size classes have the higher diversity. The
study found that lower size classes; 5 - 10 cm and 10 - 15 cm, contributed more than 50% of total tree density in
the investigated forests. As well, the lowest size class, DBH 5 - 10 cm, possessed the highest species richness in
all of the forests. In the 5 - 10 cm DBH size class, we found 55 out of 74 species in DMDF, 47 out of 53 species
in DDF, 32 out of 45 species in DF and 20 out of 40 species in DH. The higher numbers of species were found
in the lower size class in all forest types.

The findings in this study indicate that, where tree density is generally higher in small DBH classes compared
to large DBH classes, this is a secondary forest characteristic. In all the forest stands, the greater numbers of
trees were observed in the lowest diameter class (5 - 10 cm). This indicates that the density of smaller trees in a
stand is sufficient to replace the current population of larger tree. The diameter distribution of the trees followed
the inverse J-shape pattern (Figure 3(a)). This pattern indicated that stands are developing and regeneration is
occurring in the forest indicating a high potential for species substitution when mature trees in the dominant
species die.

The diameter classes 15.1 - 20 cm, 10.1 - 15 ¢cm, 15.1 - 20 cm and 25.1 - 30 cm occupied the largest basal

Table 5. Characteristics of different forest types in PMP.

Parameter DMDF DDF DF DHEF

Mean DBH (cm) 17.50 11.00 13.34 24.03

Mean Ht (m) 13.80 6.69 7.38 13.20

BA (m*ha™) 27.50 22.93 26.87 47.80

Vol (m*ha?) 214.69 126.80 220.33 610.71
Stand density (trees ha™) 1061 1293 871 804
No. of families 33 27 23 29
No. of species 74 53 45 40

“DMDF = dry mixed deciduous forest, DDF= dry dipterocarp forest, DF= dry forest, DHEF = dry hill/evergreen forest, DBH = diameter at breast

height, Ht = height, BA = basal area, Vol = volume.
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area per ha in DMDF, DDF, DF and DHEF, respectively (Figure 3(b)). No stems in diameter classes 55.1 cm
were found in DDF and no 70.1 cm diameter stems were found in DMDF and DF. Large diameter size classes of
tree were rarely found in most of the forests in PMP. This might be due to over-cutting of trees (for firewood)
from the surrounding area. In DHEF, large tree with stem diameters up to the 95.1 - 100 cm DBH class. It is
therefore probable that less human disturbance in DHEF occurred above 1000 m, being less accessible.

Table 6. Frequency of species distributed DBH class and it Shanmon-Wiener (H’) in investigated forests in PMP.

DBH DMDF DDF DF DHEF
class(cm)  gp D H SR D H SR D H SR D H
5-10 55 348 0.37 47 565 0.36 32 250 0.36 20 151 031
10.1- 15 52 292 0.36 40 371 0.36 22 240 0.36 19 174 033
15.1-20 40 158 0.28 20 157 0.26 18 144 0.30 21 144 031
20.1-25 44 121 0.25 15 98 0.20 8 89 0.23 16 90 0.25
25.1-30 29 66 0.17 10 62 0.15 9 56 0.18 16 75 0.22
30.1-35 20 39 0.12 4 26 0.08 6 34 0.13 11 44 0.16
35.1-40 13 19 0.07 5 11 0.04 3 21 0.09 10 32 0.13
40.1-45 7 8 0.04 1 1 0.01 3 15 0.07 11 26 0.11
45.1-50 1 1 0.01 0 0 0.00 2 13 0.06 4 9 0.05
50.1 - 55 4 4 0.02 2 2 0.01 2 4 0.02 6 20 0.09
55.1 - 60 2 4 0.02 - - - 1 2 0.01 5 10 0.05
60.1 - 65 - - - - - - 1 2 0.01 3 5 0.03
65.1 - 70 1 1 0.01 - - - 1 1 0.01 3 8 0.05
70.1-75 - - - - - - - - - 2 2 0.01
75.1- 80 - - - - - - - - - 2 5 0.03
80.1- 85 - - - - - - - - - 2 2 0.01
85.1-90 - - - - - - - - - 1 3 0.02
90.1 - 95 - - - - - - - - - 2 3 0.02
95.1-100 - - - - - - - - - 1 1 0.01
"SR = species richness, D = density, H* = Shannon-Wiener diversity index.
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Figure 3. Relative abundance (a) and relative basal area (b) in relation to diameter classes in the investigated forest in PMP.
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3.5. Species-Area Curve

Figure 4 shows species-area-curves. It can be seen DMDF has a greater richness of trees of stem diameter > 5
cm than the other forest types while DDF has intermediate richness levels. However, DF and DHEF has similar
species richness but lower than DMDF and DDF. In this study, the species-area curves were drawn based on
trees with height > 1.3 m and DBH > 5 cm, and the total survey areas were one hectare in each forest. Lam-
precht [35] suggested that a stock with DBH > 10 cm is generally adequate to draw species-area curves. He also
suggested that the species-area curve is the best criterion for determining a minimal plot size needed to survey a
community adequately. The pattern of the DMDF curve increases significantly up to the point of 0.40 ha, after
which the increase is much more gradual with the increment of the number of species remaining below 10%.
Similarly, in DDF new species were found in areas up 0.48 ha after which the increment remained below 10%
from 0.48 ha up. Likewise, the pattern of DF curve and DHEF curve went up gradually and then became con-
stant from 0.64 ha and 0.48, respectively. The minimum representative area would be reached if the number of
species increases by less than 10% when the expansion of sampling area is 10% [42]. According to the spe-
cies-area-curve, one ha sample size represented the minimum area for each forest type since there were only mi-
nimal numbers of new species discovered.

4. Discussion

The species-area curves showed that sampling was adequate in all forests to provide representative estimates of
species diversity in PMP. The number of species increased substantially up to the point of 0.40 ha in DMDF,
0.48 ha in DDF, 0.64 ha in DF and 0.48 ha in DHEF. The increment of species was then less than 10% until the
sampling area reached 1.00 ha. According to Cain and Castro [41], the minimum representative area will be
reached if the number of species increases by less than 10% when expansion of sampling area is 10%. Therefore
1 ha sample plot is represented for each of forest type.

It was found that dry hill or evergreen forest (DHEF) has the highest mean diameter at breast height (DBH)
24.03 cm and highest volume (610.72 m*ha *) while stand density (804 trees ha *) was the lowest among forest
types showing that the DHEF is more mature than other forest types in PMP with less human disturbance in the
area. This may be due to the distance from the surrounding settled areas as DHEF was found in high elevation
and more remote from the park boundary. The highest stand density (1293 trees ha *) was found in dry deci-
duous forest (DDF) with lowest standing volume (126.80 m*ha ™) signifying that DDF has human disturbance
and large trees had been harvested prior to data collection, probably due to nearness of roads and ease of access.
DDF was found between 400 m - 700 m asl and the park circular road was close to the DDF. Forest cover loss
was more severe in the areas near roads and therefore the likelihood of encroachment by local communities is
high in the accessible forest at low elevations [23].

The diameter distribution of trees was investigated in order to know the population structure of the forest. In
all forests, higher species richness and diversity were found in small DBH classes (Table 5). Tree density was

80
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20
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——DMDF ——DDF DF ==¢—DH
Figure 4. Species area curve for all trees (DBH > 5 cm) in PMP.
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also higher in the small DBH classes indicating that small tree were in sufficient numbers to replace mature trees
when necessary. Diameter distribution curves show the pattern of population structure. The inverse J shaped
curves for the entire investigated stands show that the stands have a growing population structure. However, the
mean DBH in all forest is small; 17.50 cm in DMDF, 11.00 cm in DDF, 13.34 cm in DF and 24.03 cm in DHEF.
These may be the actual lower thresholds of DBH in the inventory. This study however measured all trees of
DBH > 5 cm. The highest tree density was found in the DBH classes 5 - 10 cm and 10 - 15 cm which contribute
more than 50% of total tree density. From the shape of the inversed J shape curve of relative abundance over
DBH of small DBH trees, we can conclude that it is a common pattern of stand structure of the forests in logged
and deforested areas.

Stand structures of the DHEF suggested that this forest is less disturbed because many large trees were still
found in this forest compared to the other forests. This may be due to the fact that DHEF is located at high ele-
vations and remote from the park boundaries and human habitation. These findings support Htun [23] whose
findings were that forest cover loss was high in areas close to park boundaries and roads and low in remote and
less accessible areas.

Patrolling is the main method for forest conservation in the PMP. Limited infrastructure however made con-
servation activities difficult. In addition, budgets for conservation activities were insufficient. Total government
budget for conservation of PMP for 2007-2008 was US $115,000, of which government staff salaries consumed
83%, and much of the remainder was used for administration and maintenance rather than for conservation ac-
tivities [22]. Effective conservation of this important park requires more budget as well as infrastructure. With
no alternative funding source, it is difficult to maintain and conserve current forest conditions in PMP. Our
findings indicate that forests in the PMP are rich in species diversity but stand structures of these forests are
similar to that of degraded forests. Therefore, it is possible to conclude that forest conservation in the PMP is
still ineffective and there is critical need to control human disturbance. Future study on drivers of deforestation
and forest degradation and how to address these drivers would provide the needed information for effective
conservation of the PMP.

5. Conclusions

This study focused on analyzing tree species diversity and stand structures in the Popa Mountain Park in Myan-
mar. Forest inventory was conducted in four forest types, namely dry mixed deciduous forest, dry dipterocarp
forest, dry forest and dry hill/evergreen forest. We used Jackknife estimator, Simpson’s index, Shannon’s index
and Evenness indices for data analysis. The distribution of trees in all forest types in PMP displays an inverse J
distribution where stem frequencies decrease with the increase in DBH, indicating stable condition of naturally
regenerated trees in the study sites. The study also shows that all forests in PMP have a high degree of floristic
heterogeneity. In terms of tree species in individual forest, the number of species found in each of the forests
does not vary much among DDF, DF and DHEF. However, the total of 74 species in DMDF is significantly
greater than the other forests. The basal area for the DMDF along with the DDF and DF was significantly lower
than that of DHEF. On the contrary, the density of trees was significantly lower in DHEF than that in other for-
est types. But the density of trees in the largest size class was higher in DHEF than that in other forest types. The
occurrence of high basal area and high density of trees in the largest size class suggested that DHEF was less
disturbed than other forests in the PMP. DF and DMDF had a relatively low proportion of trees in larger size
classes due to population pressure and timber harvesting. Large trees with DBH greater than 55 cm in DDF were
harvested but there were plentiful trees with small DBH, suggesting that natural regeneration capacity for this
forest is good.

Our study findings suggested that PMP was rich in terms of tree species but many large trees in accessible fo-
rests were harvested except in dry hill or evergreen forest, where large trees still remained in the forests. This
was due to less population pressure and limited access to this forest. Considering the structural diversity and the
substantially lower density observed in large DBH classes, the PMP has not been effectively protected although
it is a designated protected area by the government. Lack of effective mechanisms and funding may have con-
tributed to this failure. Management interventions that take into account the need of local people, tree diversity,
and transition of forest stand structures would protect this PMP. Law enforcement mechanism is also important
to ensure that government regulation and policies regarding protected area are not violated or punished other-
wise. In addition, it is necessary to clarify the land use policy and to cooperate with local communities to main-
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tain the integrity of designated protected areas. It is also fairly necessary to provide incentives to forest-depen-
dent communities for their activities to protect this protected area. Forest-dependent communities should be al-
lowed to participate in all decision making processes for sound management of protected areas. Implementing
activities on the ground such as restoring degraded forests and protecting the park require participation from
both government agency and local communities. Effective forest restoration strategies need to know the condi-
tion of the degree of forest degradation, tree species composition, and stand structures. Information provided in
our study is useful for introducing future policy interventions, conservation measures, and forest restoration in
Popa Mountain Park. Future study on long term monitoring of forest composition change would provide addi-
tional information on the pattern of structural changes useful for revising policy intervention and conservation
system in PMP.
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