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ABSTRACT 
 
Aims: The forest of West Timor has been cleared for different purposes for decades, leaving only 
small patches of remnant forest vegetation. Understanding tree-shrub composition and structure of 
this remnant forest vegetation is a vital instrument in assessing the sustainability of forest, species 
conservation, and management of forest ecosystems. This research was therefore conducted to 
investigate the current structure and composition pattern of tree-shrub species in such remnant 
forest vegetation.  
Study Design: This research project was designed using a vegetation survey employing the Point 
Centered Quarter Method.  
Place and Duration of Study: The research project was conducted in five sample stands of 
remnant forest vegetation, namely Oliana, Tablolong, Fatukoa, Oenesu, and Alak, the District of 
Kupang, West Timor, Indonesia, between April to July 2020. 
Methodology: In each sample stand, the tree-shrub vegetation was surveyed using Point Centered 
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Quarter Method by placing three 100-m-long transects. The first transect was placed at random and 
the second and third transects were placed parallel to the first, with a distance of 100 m between 
two transects. Sample points were then determined in an interval of 10 m along each transect to 
construct four quarters. In each quarter, the nearest tree or shrub (≥ 1 m height) to the sample point 
was identified and the distance measured. For each tree or shrub species, number of individual, 
dominance, frequency, Importance Value Index (IVI), stem diameter at 0.5 m height, and average 
value of plant height for each species were determined. Index Similarity (IS) between stands were 
also calculated using Sørensen Coefficient.  
Results: Of the 600 invidual tree and shrub measured in a total of about 1,500-m-long line transect, 
about 28 tree-shrub species of 16 families were identified. The number of plant/hectare was 833 and 
the mean number of species/stand was 9.60 (sd = 1.94). Generally, the number of species and 
families found in the remnant vegetation community was relatively low compared to that of 
commonly found in rain forests. The IS between stand was 28.21 (sd = 14.40)%. The highest IS 
were between stand 1-2 (IS 55.56%) and between stand 1-4 (IS 47.62%). The lowest IS were 
between stand 3-4 and 3-5 (IS 10.53%). Based on the number of species, the five stands of 
remnant vegetation was dominated by families of Fabaceae, Arecaceae, and Anacardiaceae, but 
based on the IVI, they were dominated by families of Lamiaceae, Fabaceae, and Sapindaceae. On 
the basis of plant height, about 6.15% of the total individual was within the category of small plant 
(≤2 m) and 3.32% was of big tree (>14 m). However, on the basis of stem diameter, about 27.86% 
of the total individual was on the category of small plant (≤10 cm) and about 2.99% was of big tree 
(>130 cm). Most existing species were within the category of small and very small IVI, only about 
14.26% of the existing species were within the category of very high IVI (>20%) and 71.43 were 
within the category of low and very low IVI (<10%). Four most prominent species, namely Tectona 
grandis Linn., Schleichera oleosa (Lour.), Vachellia nilotica (L.) P.J.H.Hurter & Mabb., and Spondias 
pinnata (L.f.) Kurz contributed to more than 50% IVI in the five stands of remnant vegetation. Among 
all species found, Leucaena leucocephala (Lam.) de Wit, Caesalpinia pulcherrima (L.) Sw., 
Sesbania grandiflora (L.) Poiret, Syzygium cumini (L.), Pterocarpus indicus Willd., Pinus mercusii 
Jungh. & de Vriese, and Acacia auriculiformis A.Cunn. ex Benth. were present in very small IVI. In 
general, the contribution of invasive species in the stands of remnant vegetation was relatively high 
(total IVI 56.96%), about a quarter of which were invasive weedy shrub species.  
Conclusion: Based on this result it can be concluded that the five stands of remnant forest were in 
the state of poor health as indicated by the low number of species and families, the low species 
diversity, the heterogeneous floristic composition as most of species present were in the category of 
low occurrence, and the dominance of invasive non-native tree and shrub species. Therefore, the 
forest needs immediate intervention by taking conservation and restoration action to prevent further 
destruction. 

 
 
Keywords: Forests health; importance value index; index of similarity; and invasive species. 
 

1. INTRODUCTION 
 
West Timor is an area covering the western part 
of Timor island, part of the Province of East Nusa 
Tenggara Province, Indonesia. Timor Island is 
the second largest oceanic island in Indonesian 
archipelago and the largest of the Lesser Sunda 
islands. The island spans about 470 km in length 
and about 95 km in width with an overall 
terrestrial area of 31,000 km

2
. It was created by 

an uplifting caused by the northward movement 
of the Australo-Papuan plate and subsequent 
collision with the Oriental plate about 4 million 
years ago. The bedrock is primarily sedimentary 
calcareous rock, with fossil coral reefs can be 
found at high altitudes [1]. The topography is 
dominated by hills and mountains, with the 

highest peaks reaching as high as 2500 m asl. 
Steep slopes (those that have an incline >40%) 
characterize as much as 44% of the total area 
[1]. The island is part of the Wallacean 
biogeographic region in which divergent 
assemblages of Asian and Australian plants, 
birds, mammals, reptiles and insects in mixed [2].  
 
The ecosystem of West Timor in general is 
relatively unstable compared to that of humid 
ecosystems of tropical areas. This is because of 
low rainfall; high wind speeds and solar radiation, 
generally steep slope of landform, and relatively 
young soil genesis, causing soil in the island 
sensitive to erosion and degradation and forming 
a unique bioenvironmental [1]. Land cover is 
dominated by savannah, seasonal lowland forest 
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and secondary vegetation, especially in the 
lowlands. Evergreen and semi-evergreen rain 
forests only occur in areas of high-rainfall, 
whereas deciduous forests and thorn forests 
occur where the climate is drier. Montane forest 
is found above 1,000 m asl. as mosaics with 
treeless areas and with those characterised by 
low vegetation. Some distinct vegetation types 
are also found along the coast, including coastal 
dune grasslands and shrublands [3]. The 
assessment conducted in 2017 concluded that 
about 2,245 km² (7%) of the total area of Timor 
ecoregion has been designated as protected 
areas and only about half of the unprotected area 
is still forested [4].  
 
Despite much of the original forest has been 
cleared, the remaining primary and secondary 
forests continue of being under pressure, leaving 
only patches of remnant forest vegetation 
consisting of native trees or shrubs scattered 
only in limited areas of the island. Such patches 
of remnant forest vegetation are now rapidly 
disappearing due to forest clearing for shifting 
cultivation, wood exploitation, overgrazing, 
burning, and weed infestation, threatening the 
species diversity of the remaining patches [5,6]. 
Based on data of Statistics of Nusa Tenggara 
Timur Province [7], the area of forest in East 
Nusa Tenggara is about 1,808,990 ha (38.20% 
of terrestrial land), but only about 14% remains 
good and much larger areas, about 2,195,756 ha 
(46%), are critical. The government has 
struggled to do the necessary rehabilitation, but 
due to limited capacity and funding, is only able 
to do so about 4,516 ha (about one percent), 
much less compared to the cleared areas 
annually. Considering the illegal logging, land 
conversion, shifting cultivation, fires, free-
roaming grazing, and land tenure dispute that 
continue to take place because of ineffective 
planning, inefficient and ineffective forest 
management, and low enforcement, West Timor 
currently is facing the risk of land degradation 
and desertification [7]. Like other tropical forests 
in the world, the remnant forest of West Timor 
suffers from extensive loss and degradation 
because of anthropogenic activities, which have 
a strong effect on the structure and species 
composition of the forest.  
 
In order to protect and maintain the currently 
existing forest, evaluating the health status of 
forest as the basis for taking the necessary 
conservation action is needed. This is because 
the most crucial problem faced in take forest 
conservation action in West Timor is the minimal 

availability of information about forest structure 
and composition, especially those of natural 
forest remaining scattered as remnant 
vegetation. Understanding about structure and 
composition of an existing forest can help to 
evaluate forest sustainability, conservation 
priorities, ecosystem management, and 
restoration efforts [8,9]. To understand the 
distribution, composition and diversity of various 
species requires vegetation analysis [10]. Among 
all existing species, tree and shrub species are 
important since they provide resources and 
habitat for a number of other species. In addition, 
being the dominant life form, trees and shrub 
species are easy to locate and count and are 
comparatively better known from a taxonomic 
perspective [11]. Due to the population pressure 
and industrialization forests and its products 
have been over utilized. The native forest details 
are not available when it is over utilized. Hence, 
the remnant forest vegetation is a vital instrument 
in assessing the sustainability of forest, species 
conservation, and management of forest 
ecosystems. This research was therefore 
conducted to investigate the current structure 
and composition pattern of tree-shrub species in 
remnant forest vegetation of West Timor by 
focusing on measuring species density, 
dominance, and frequency needed to calculate 
Importance Value Index (IVI) and size class 
distribution as measures of forest composition 
and structure and vital instrument in assessing 
the sustainability of the forest for developing the 
required conservation and management strategy.  
 

2. MATERIALS AND METHODS  
 

2.1 The Study Area  
 

The research was conducted in the District of 
Kupang of West Timor, Indonesia. Having a 
terrestrial area of about 7,178,26 km2 located 
geographically between 9º19-10º57 South 
latitude and 121º30-124º11 East longitude. The 
climate in the District of Kupang is much affected 
by the Australian dry climate characterized by a 
very short (3-5 month) rainy season and dry 
season is relatively long (7-8 month) [12]. 
According to Oldeman agroclimate zona [13], the 
climate is belong to either D3 (3-4 month of wet 
months in a row and 4-6 months in a row), D4 (3-
4 month of wet months in a row and 7-9 months 
in a row), or E4 (0-2 month of wet months in a 
row and 7-9 months in a row), where wet month 
is a month of rainfall over 200 mm and dry month 
is a month of rainfall less than 100 mm. The rainy 
season occurs from December to March         
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and the dry season from June to September 
annually. 
 
The total forest areas of the District of Kupang is 
about 288,397 ha of which a total of 109,463.41 
ha scattered remnant forests are designated as 
protection forest [14]. For this research, five 
stands of remnant forest vegetation were 
purposively selected to represent types of 
existing forest in the district, namely forest stand 
in Oliana, Tablolong, Fatukoa, Oenusu, and Alak 
(Fig. 1). These five stands were selected 
subjectively to represent the remaining dominant 
type of remnant forest vegetation of the district.  
 

 
 

Fig. 1. Locations of the Five study areas 
(Oliana, Tablolong, Fatukoa, Oenusu, and 

Alak) selected subjectively to represent the 
dominant types of remnant forest vegetation 

in the District of Kupang, West Timor, 
Indonesia 

 

2.2 Data Collection and Analysis  
 
The method used to collect the filed data was 
point-centered quarter method [15]. On each 
selected stand in representative area, three 100-
m-long transects were placed in compass 
direction. The first transect was place at random 
and the second and third transect were placed 
100 m apart parallel to the first transect. Sample 
points were then determined in an interval of 10 
m across 100 m transect (total of 10 points per 
transect). In each sample point, 1 m wood meter 
was place perpendicular to the line transect to 
construct 4 quarters. In each quarter, the nearest 
tree or shrub (≥ 1 m height) was identified and 
the distance from the sample point was 
measured. All other remaining plants stature 
were not including in measurement. Mean 

distance ( ) of all plant species were counted 
and converted to total density. Mean area (MA) 

was calculated as:
[15]. Plant density (number of plants/area) was 
measured by counting the inverse of MA. Basal 

area was obtained by measuring stem diameter 
at 0.5 m height. 
 
Plant density was calculated from mean 
distance, while diameter or dominance and 
frequency were calculated from the presence of 
a plant in each sample point. Each plant present 
was noted, identified, and taken its sample. Plant 
sample was dried for later identification in 
laboratory of Department of Biology, Faculty of 
Science and Engineering, Nusa Cendana 
University. For each species present, number 
individual (density), dominance, frequency, and 
Importance Value Index (IVI) were counted [15]. 
The density (DE) of species was estimated as 
the proportion of quarters in which the species 
was found times the estimated density of all 
species. The relative density (RDE) of each 
species was the percentage of the total number 
observations of that species. The dominance 
(DO) of each species was expressed as its stem 
diameter per hectare. The relative dominance 
(RDO) for a species was defined to be the stem 
diameter for that species divided by the total 
stem diameter x 100. The frequency (FE) of a 
species was the percentage of sample points at 
which a species occurs. The relative frequency 
(RFE) = (frequency of a species/total frequency 
of all species) × 100. The Importance Value 
Index (IVI) for the species was determined as the 
sum of the relative density, relative dominance, 
and relative frequency (IVI = RDE + RDO + 
RFE). Index Similarity between stand was also 
calculated to investigate similarirty of flora 
composition between stands by using Coefficient 
Sørensen (Ss), with formula Ss = 2a/(2a + b + c), 
where a = number of species common to both 
stands, b = number of species unique to the first 
stand, and c = number of species unique to the 
second stand [15].  
 

3. RESULTS AND DISCUSSION 
 

3.1 Structure of Remnant Vegetation 
Forest of West Timor  

 
Of the 600 individual tree and shrub measured in 
a total about 1,500 m line transect (5 stands x 3 
of 100 m transect x 10 sample point/transect x 4 
individual/sample point = 600), about 28 tree and 
shrub species were found. Mean distance 
between plant was 3.61 (sd = 0.66) m, number of 
plant per hectare was 833, and mean number of 
tree and shrub species present in each stand 
was 9.60 (sd = 1.94). Generally, the number of 
species present in each stand was relatively low 
compared to those found in rain forest 
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community where woody plant diversity may 
reach up to 150 tree species/ha [16] and in 
Amazonian forests up to 283 tree species/ha 
[17]. The relatively low number of species found 
here could be affected by forest health that most 
forest in West Timor now are intensively 
disturbed and forest area are limited to small 
remnant vegetation [6]. Ecosystem of West 
Timor in general is relatively unstable compared 
to that of humid ecosystem of tropical area [1]. 
Kessler et al. [16] stated that the number of 
native tree species was higher in natural forest 
than that in unnatural forest and tree species 
number was gradually decreased with the 
increase in intensity of forest disturbance.  
 
The low number of species found in the forests of 
West Timor compared to that found in most rain 
forest area could also be affected by 
geographical position of West Timor. The 
composition flora of Timor Island is influenced by 
Timor location in central Malesia (Wallacea), a 
transition zone between the rainforests of the 
Sunda and Sahul shelves [18,5]. Timor flora is 
located in transitional zone between these areas, 
and it lacks the diversity of many of the major 
rainforest flora [19,5]. The geological history, 
climate, dispersal pathways, soils, and 
topography of Timor Island may also affect the 
flora of Timor [19,5]. The flora of Timor has been 
influenced more by its proximity to Australia than 
by West Malesia. During the ice ages, the 
northwest coast of Australia lay about 100-200 
km from Timor [20,5]. This proximity appears to 
have facilitated the exchange of plants between 
the two regions [19,5]. Timor also has a generally 
drier monsoonal climate than those adjoining 
areas in New Guinea and West Malesia which 
has probably also limited the diversity of Timor 
flora. Timor is a geologically relatively recent 
island, having been uplifted from the ocean floor 
by the northwards drifting Australian tectonic 
plate over the last 10 my and the time for species 
to have evolved is thus less than in many other 
parts of Malesia [20,18] and this also probably 
affect the diversity of species present in West 
Timor.  
 
Of 5 stands investigated, based on dominating 
species, stand one was referred to as 
Schleichera oleosa (Lour.)–Spondias pinnata 
(L.f.) Kurz community; stand two as Tectona 
grandis Linn community; stand three as Vachellia 
nilotica (L.) P.J.H.Hurter & Mabb. community; 
stand four as S. oleosa community, and stand 
five as T. grandis community. Based on 

Sørensen coefficient, mean Index of Similarity 
(IS) between stands were about 28.21 (sd = 
14.40)%. The highest IS were between stand 1-2 
(55.56%) and between stand 1-4 (47.62%). The 
lowest IS were between stand 3-4 and 3-5 
(10.53%) (Table 1). The relatively high value of 
IS between stands 1-2 and 1-4 presume caused 
by homogenous communities between stand 
possibly due to similar ecological conditions. The 
relatively low value of IS between stands 3-4 and 
3-5 caused by relatively low number of shared 
species among the stand or affected by high 
species turnover between sites because of 
irregular and heterogeneous nature of the 
environment within the communities due to 
natural or anthropogenic disturbance. Of all 
species, three species were present in all 
communities investigated, namely S. pinnata, 
Tamarindus indica L, and T. grandis. These three 
species are presumed to have a wide distribution 
in forest communities. One species was present 
in three community (S. oleosa) and seven 
species were present in two community [Zizipus 
mauritiana Lam, Ficus benyamina L, Borassus 
flabellifer L., Leucaena leucocephalade Wit., 
Gliricidia sepium (Jacq.) Kunth ex Walp, 
Jatropha gossypifolia L, and Ceiba pentandra 
(L.) Gaertn], while all other species were only 
present in one community. 
 
Of all species present, six were shrubs while all 
other species were trees. The shrub species 
were V. nilotica, G. sepium, Caesalpinia 
pulcherrima (L.) Sw., Tecoma stans (L.) Juss. ex 
Kunth, J. gossypiifolia, and Chromolaena odorata 
(L.) R.M.King & H.Rob. These shrub species 
contributed about 26.59% density, 15.77% 
dominance, 24.50% frequency, and 66.86 IVI, 
indicating a relatively high presence of shrubs in 
the composition of the forest community. Shrubs 
are woody plants which branch near the ground 
and do not have a leading shoot in contrast to 
trees that develop solitary trunks. In closed 
lowland evergreen rainforests, the presence of 
shrubs are generally scarce since they are 
usually outcompeted by the trees species in the 
race towards the light. They are more frequently 
found in early successional stages or in 
situations where sunlight can reach the 
understorey. Based on the resulting forest 
structure, all five stands of the remnant forest 
belong to a dry deciduous forest type of 
vegetation that presumably have developed 
specificaly in adaptation to local habitat of West 
Timor characterized by dry climate and rugged 
topography.



Of 600 trees and shrubs measured, the resulting 
mean plant height was 6.60 (sd = 
the resulting stem diameter was 
1.57) cm. The distribution of plant height was 
right skewed (0.74) with a negative kurtosis 
(-0.09) while the distribution of plant 
diameter  was right skewed (1.45) with a positive 
kurtosis (2.44). Based on plant size distribution, 
the population of tree and shrubs present was 
dominated by small plant stature, lower than 
mean plant height and stem diameter. Based on 
plant height, about 6.15% of the plant present in 
the community was of the category of saplings 
(2≤ m) or small plant and about 3.32% was of the 
categorize of big trees (>14 m). Based on plant 
height distribution, most plants present in the 
community were in the height of >2 
2a). Based on plant stem diameter
community was also dominated by small plant 
stature, where plants with stem diameter 
was about 27.86% (Fig. 2b). Based on plant 
stem diameter distribution, the presence of big 
trees (stem diameter >130 cm) in the forest 
 

Table 1. Index similarity of tree-

 

Stand 1 
1 0.00 
2 55.56 
3 21.05 
4 47.62 
5 27.27 

 

 

 
Fig. 2. The distribution of plant height (a), stem diameter  (b), and family member (c) of tree

shrub species in the remnant forest vegetation of West Timor (RDE = Relative Density, RDO = 
Relative Dominancy, Relative Frequency (RFE), and IVI = Importance Value In
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Of 600 trees and shrubs measured, the resulting 
= 0.16) m and 

the resulting stem diameter was 39.59 (sd = 
istribution of plant height was 

right skewed (0.74) with a negative kurtosis        
istribution of plant stem 

was right skewed (1.45) with a positive 
Based on plant size distribution, 

shrubs present was 
dominated by small plant stature, lower than 
mean plant height and stem diameter. Based on 
plant height, about 6.15% of the plant present in 
the community was of the category of saplings 

≤ m) or small plant and about 3.32% was of the 
Based on plant 

plants present in the 
community were in the height of >2 - ≤ 8 m (Fig. 

stem diameter, the 
community was also dominated by small plant 

tem diameter  ≤10 cm 
27.86% (Fig. 2b). Based on plant 

distribution, the presence of big 
>130 cm) in the forest 

community was relatively low (2.99%)
stature (height and stem diameter
community were dominated by small and 
medium trees and shrubs. This community 
structure was relatively different from that of 
commonly found in tropical rain forests where the 
presence of big trees in community is generally 
high [16]. 
 
Based on plant height and stem diameter 
distribution, the natural regeneration of plant in 
this forest community were presumably relatively 
good because the presence of small plant 
stature was relatively high. The presence of 
small plants or saplings on a forest community is 
an important determinant of forest regeneration. 
The successful regeneration of a tree species in 
a forest community depends on whether there 
are enough number of individuals found in each 
size class from small saplings to adult trees
presence of individuals in all size classes 
indicates a successful regeneration process. In a 
forest community, tree species that were only

-shrub species in 5 stands remnant forest vegetation of We
Timor 

2 3 4 
   
0.00   
26.67 0.00  
22.22 10.53 0.00 
33.33 10.53 27.27 

 

 

The distribution of plant height (a), stem diameter  (b), and family member (c) of tree
shrub species in the remnant forest vegetation of West Timor (RDE = Relative Density, RDO = 

Relative Dominancy, Relative Frequency (RFE), and IVI = Importance Value In
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2.99%). The plant 
stem diameter) of this forest 

community were dominated by small and 
medium trees and shrubs. This community 
structure was relatively different from that of 
commonly found in tropical rain forests where the 
presence of big trees in community is generally 

Based on plant height and stem diameter 
distribution, the natural regeneration of plant in 
this forest community were presumably relatively 
good because the presence of small plant   
stature was relatively high. The presence of 

a forest community is 
an important determinant of forest regeneration. 
The successful regeneration of a tree species in 
a forest community depends on whether there 

individuals found in each 
size class from small saplings to adult trees. The 
presence of individuals in all size classes 
indicates a successful regeneration process. In a 
forest community, tree species that were only

shrub species in 5 stands remnant forest vegetation of West 

5 
 
 
 
 
0.00 

The distribution of plant height (a), stem diameter  (b), and family member (c) of tree-
shrub species in the remnant forest vegetation of West Timor (RDE = Relative Density, RDO = 

Relative Dominancy, Relative Frequency (RFE), and IVI = Importance Value Index) 
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observed in the large sapling class might be an 
indication of the risk of extinction [21]. The low 
number of big trees present in the five remnant 
forest communities may be related to 
anthropogenic disturbances, especially logging of 
big trees. The low basal area values were related 
to high accessibility to the nearby community and 
lack of enough protection [22]. In any forest, 
lower basal area is mainly characterized by high 
abundance of young trees and sometimes by 
lacking of individuals in the larger size classes. In 
general, size class distribution of an undisturbed 
or less disturbed forest should fit the reverse J-
shaped pattern, with most of the trees belong to 
the smaller size classes and fewer belong to the 
larger ones. The lack of individuals in the larger 
size classes could be due to illegal logging of 
bigger trees by local people for timber and 
construction purposes or the fact that the forest 
has limited species that grow in large diameters 
[23].  

 
The upper canopy of the five remnant forest 
communities was dominated by T. grandis, S. 
oleosa, and Alstonia scholarisL. R. Br., while the 
lower canopy was dominated by C. odorata and 
J. gossypiifolia. The lower canopy consisted 
mostly of shrub species. Plants with high stem 
diameter  were also dominated by T. grandis, S. 
oleosaand A. scholaris while plants with low stem 
diameter  were dominated by T. stans, J. 
gossypiifolia, and C. odorata. The high number of 
small plants (low stem diameter and height) 
found in the five remnant forest communities are 
presumably contributed by the high presence of 
shrub species in the community. More than a 
quarter of the species present in the community 
was members of shrub species (density 26.59%). 
The canopy cover structure of the five remnant 
forest communities was different from that 
commonly found in tropical rain forest because 
the canopy cover was less diverse, less dense, 
and less homogenous than that found in tropical 
rainforest. This could be the result of nonoptimal 
growing conditions in West Timor, characterized 
by short unpredictable rainy season, where 
drought is generally more severe compare to that 
experienced in tropical rainforest [13]. 
Environmental stresses increase with seasonality 
of the environment and fewer plants can 
generate homeostatic mechanisms to cope with 
such a condition. Most of the taxonomic groups 
found in the dry forest are less diverse than 
those found in the rainforest. The tree canopy of 
the five remnant forest communities of West 
Timor was found less homogenous, less dense, 
and invariably lower species diversity than 

commonly found in tropical rainforests. A tropical 
rainforest is an ecosystem that is characterized 
by heavy rains and a dense tree canopy that 
allows very little light to pass through to the 
understory.  
 
All species present were member of 16 families 
and based on the number of species present, the 
most dominant family was Fabaceae followed by 
Arecaceae and Anacardiaceae. Nine species 
present in the five remnant forest communities 
were of the family Fabaceae [T. indica, G. 
sepium, L. leucocephala, C. pulcherrima, 
Sesbania grandiflora (L.) Pers., Acacia 
auriculiformis A. Cunn. ex Benth, Pterocarpus 
indicus Willd., V. nilotica, and Senna siamea 
(Lam.) H.S. Irwin & Barneby], three of the family 
Arecaceae [B. flabellifer, Areca catechu L., and 
Cocos nucifera L.], two of the family 
Anacardiaceae (S. pinnata and Anacardium 
occidentale L.), and two of the family Malvaceae 
(C. pentandra and  Sterculia foetida L) while all 
other families were represented only by one 
species. In general, the tree and shrub families 
present in this forest community were lower 
compare to those commonly found in tropical 
rainforests [16]. In the five remnant forest 
communities of West Timor, trees and shrubs of 
the family Fabaceae (legumes) seemed to be the 
most adaptable to the existing environmental 
conditions as species of this family are drought 
tolerant. However, based on the density, the 
dominance, the frequency and the IVI of all 
species present, the forest communities were 
dominated by family of Lamiaceae, Fabaceae, 
and Sapindaceae (Fig. 2c). In forest community, 
the density of Lamiaceae contributed 24.97%, 
Fabaceae 24.93%, and Sapindaceae 10.26%. 
The dominance of Lamiaceae contributed 
28.46%, Fabaceae 20.68%, and Sapindaceae 
18.99%. The frequency of Fabaceae contributed 
27.65%, Lamiaceae 20.53%, and Sapindaceae 
10.09%. Based on IVI, Lamiaceae contributed 
73.96%, Fabaceae 73.28%, and Sapindaceae 
39.34%. The most prominent species family of 
Lamiaceae was T. grandis, Fabaceae was V. 
nilotica, and Sapindaceae was S. oleosa. 

 
3.2 Composition of Remnant Forest 

Vegetation of West Timor 
 

Based on number of individual present (density), 
the remnant forest community was dominated by 
T. grandis (24.97%), followed by V. nilotica 
(12.19%), S. oleosa (10.26%), S. pinnata 
(6.60%), and T. stans (6.76%), while all other 
species were only present in small density (<5%) 



(Fig. 3a). Based on plant dominance, it was also 
dominated by T. grandis (28.46%), 
(18.99%), V. nilotica (11.23%), 
(7.01%), and T. indica (5.59%), while all other 
species were only have small dominancy (<5%). 
The common composition pattern of the remnant 
forests communities was where few species 
were categorized as abundant and many 
other species were categorized as locally rare 
[24]. Three species with the highest relative 
density and dominance (T. grandis V. nilotica 
and S. oleosa) contributed about 50% to the 
living individuals in the remnant forest 
communities. 
 

Based on the frequency, the forest was also 
dominated by T. grandis (20.53%), follow by 
oleosa (10.09%), V. nilotica (9.49
(7.58%), S. pinnata (7.06%), and 
(5.93%), while all other species were only 
present in small frequency (<5%). The frequency 
class distributions showed (Fig. 3b) that about 
78.57% of the total species present in forest 
community fell in the very low occurrence class 
distribution (<5%), about 14.29% was in 
while in the higher frequency classes (>15%) 
only about 3.57% species were present. Such 
result suggests that most of species present in 
the remnant forest communities were in the 
category of low occurrence as would be 
expected in a typical species
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distribution. Normally, a tree species is 
considered homogeneously distributed when the 
number of individuals present was equal in all 
parts of the community. Thus, the frequency 
distribution analysis indicates the presence of 
high degree of floristic heterogeneity in all five 
remnant forest communities. Usually, frequency 
reflects the pattern of distribution and provides 
an approximate indication of the heterogeneity of 
the forest [25].  
 

Based on IVI, we divided species into five 
categories, which are species with very high, 
high, medium, low, and very low IVI (Fig
the five remnant forest communities, about 
14.26% species present were in the category of 
very high IVI (>20%); 3.57% high IVI (
10.71% medium IVI (10-<15%), 32.14% low IVI 
(5-<10%), and 39.29% very low IVI (<5%).The 
four species with the highest IVI 
oleosa, V. nilotica, and S. pinnata
54.02% density, 65.69% dominance, 
frequency, and 166.89% IVI in the remnant forest 
communities. Therefore, those four most 
prominent species contributed more than 50% to 
the composition of individual present in the 
remnant forest communities. Species that have 
high IVI indicate that those species are more 
adaptive to and more capable of adjusting 
themself to changes in environmental conditions 
than other species in the remnant

 

 
 

Fig. 3. Relative Density (RDE), Dominancy (RDO), Frequency (RFE), and Importance Value 
Index (IVI) (a); frequency class distributions (b), and class distribution of IVI (c) of tree

species at forest vegetation of West Timor 

 
 
 
 

; Article no.AJEE.61398 
 
 

distribution. Normally, a tree species is 
considered homogeneously distributed when the 

of individuals present was equal in all 
parts of the community. Thus, the frequency 
distribution analysis indicates the presence of 
high degree of floristic heterogeneity in all five 
remnant forest communities. Usually, frequency 

stribution and provides 
an approximate indication of the heterogeneity of 

Based on IVI, we divided species into five 
categories, which are species with very high, 
high, medium, low, and very low IVI (Fig. 3c). In 

five remnant forest communities, about 
14.26% species present were in the category of 
very high IVI (>20%); 3.57% high IVI (15-<20%); 

), 32.14% low IVI 
, and 39.29% very low IVI (<5%).The 

four species with the highest IVI (T. grandis, S. 
S. pinnata) contributed 

% dominance, 47.17% 
IVI in the remnant forest 

. Therefore, those four most 
prominent species contributed more than 50% to 

composition of individual present in the 
remnant forest communities. Species that have 
high IVI indicate that those species are more 
adaptive to and more capable of adjusting 
themself to changes in environmental conditions 
than other species in the remnant forest

Fig. 3. Relative Density (RDE), Dominancy (RDO), Frequency (RFE), and Importance Value 
Index (IVI) (a); frequency class distributions (b), and class distribution of IVI (c) of tree-shrubs 



 
 
 
 

Gaol and Mudita; AJEE, 13(4): 1-14, 2020; Article no.AJEE.61398 
 
 

 
9 
 

communities. They are able to utilize available 
resources better than other species and have 
greater opportunity to maintain their growth and 
reproduction. Species with high IVI are able to 
adapt to the environment using whatever energy 
sources available in the communities, indicating 
that those species have an important role in the 
sustainability of ecosystem at their communities 
[26].  
 
Of all species present, T. grandis was the most 
prominent species in the remnant forest 
communities. This species is relatively adaptive 
and tolerant to the dry climate and therefore are 
able to dominate forest communities with similar 
climatic condition. S. oleosa was also prominent 
in this forest and this species was mainly found 
in dry areas [27]. In East Nusa Tenggara, this 
drought tolerant species is commonly dominate 
remnant forest communities in driest areas of 
Timor, Sumba, Rote Ndao, Kalabahi, and Alor 
islands. V. nilotica was also the prominent 
species in the five remnant forest communities. 
This species is common as an invasive species 
in savannah communities [28]. In West Timor, it 
invades and dominate grassland areas in 
lowland areas and reduces the quality of the 
grasslands for grazing. This species will be very 
likely to continue invading grassland areas of 
West Timor if no action is taken to reduce the 
expansion of this species. This species has 
recently invaded many similar forest communities 
in Indonesia, among others the grassland in 
Baluran National Park (BNP) since 1969 causing 
a significant reduction in other species 
abundance and biodiversity in the park [29]. S. 
pinnata was also prominently present in the five 
remnant forest communities. This tree species 
has been widely cultivated and naturalized in 
Bhutan, China, India, Myanmar, and Nepal [30]. 
In West Timor, this species is dry tolerant as they 
are able to grow in various unfertile and 
extremely dry areas. 
 
Most of species present (71.43%) in the five 
remnant forest communities were within the 
category of small and very small IVI. The 
presence of many species within this category 
indicates that the majority of species present are 
rare in the forest. The large number of rare 
species encountered in this study confirms the 
commonly acclaimed notion that most of the 
species in the ecological community are rare, 
rather than common [31]. The rarity of species 
present may be due to various reasons, which 
include strong density-dependency in the forest, 
existence of a resource gradient, which causes 

species to occupy different positions within it 
resulting in abundance distribution variation, poor 
dispersal ability of species, natural or 
anthropogenic disturbances, and competition 
within the forest [32]. The IVI is commonly used 
in ecological studies to indicate ecological 
importance of a species in a given ecosystem. 
The IVI is also used for prioritizing species 
conservation whereby species with low IVI value 
need high conservation priority compared to 
ones with high IVI [25].  
 
Due to their low IVI, L. leucocephala, C. 
pulcherrima, S. grandiflora, Syzygium cumini (L.), 
P. indicus, Pinus mercusii Jungh. & de Vriese, 
and A. auriculiformis were conservation priority in 
the five remnant forest communities of West 
Timor. In West Timor, L. leucocephala is 
commonly used as animal fodder, especially in 
dry season when grasses are unavailable, while 
C. pulcherrima, S. grandiflora, S. cumini, P. 
merkusii, and A. auriculiformis were not 
commonly utilized, although in some other 
countries they are commonly used as ornamental 
plant, medical plant, protective plant, alternative 
food source, or timber source [33,34]. 
Populations of P. indicus in the remnant forest 
communities need special attention since it is 
present in very low population and seriously 
threatened. It is extinct in Vietnam and possibly 
in Sri Lanka and Peninsular Malaysia [35] and 
therefore, the conservation of this species in 
forest is high priority. The presence of A. 
occidentale, A. catechu and C. nucifera in the 
remnant forest communities were likely a result 
of human intervention since that are agricultural 
trees commonly grown in agriculture land and 
therefore, although their presence in the remnant 
forest communities was in very small IVI, they 
are not of conservation priority.  
 
Understanding tree species composition and 
structure is a vital instrument in assessing            
the sustainability of forest management, 
conservation of species, and management of the 
ecosystems [36,37]. This research describes the 
status of structure and composition of tree and 
shrub species in remnant forest vegetation forest 
of West Timor. Conservation of biodiversity has 
become an issue of increasing priority and 
importance in the recent years. Rapid human 
population growth has significant adverse 
impacts on forest size, species richness, and 
diversity [9] and if no action is taken, the 
remaining forests are likely to become more 
fragmented and the remnants will significantly 
lose their ability to sustain the original biological 
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diversity. Therefore, in order to maintain the 
sustainability of the remaining forests of West 
Timor, immediate intervention actions are 
needed to minimize further disturbances, 
particularly those of anthropogenic disturbance 
such as illegal logging, cattle grazing, fire, over 
exploitation, unsustainable agricultural practices, 
land conversion, and invasion by alien species 
as a main drivers of biodiversity loss.  
 

3.3 Human Intervention, Invasive 
Species, and Implications for 
Conservation 

 
The presence of non-native tree (A. occidentale, 
A. catechu and C. nucifera) in the remnant forest 
communities is very likely as resulting from 
deliberate or accidental introduction indicating 
the intensity of human intervention in the forests. 
Those tree species are commonly grown in 
agricultural land and not commonly present in 
natural forests. Because they are alien or non-
native, they could cause various negative 
impacts to the local ecosystems. Unfortunate 
enough, such alien species are deliberately 
introduced as part of afforestation and 
reforestation programs, presumably because of 
lack of understanding among the local forestry 
staff, causing forest in the island and in many 
other islands in the Province of East Nusa 
Tenggara no longer natural but a result of alien 
species invasion resulting from human 
intervention. As a result, pristine natural forest is 
difficult to find or even no longer exists in the 
region.  
 

Of 28 species present, four species were 
invasive weeds (V. nilotica, T. stans, J. 
gossypiifolia, and C. odorata). Of those species, 
the most invasive in the remnant forest 
communities was V. nilotica (IVI 32.92%), 
followed by T. stans (IVI 13.08%), J. gossypiifolia 
(IVI 5.52%), and C. odorata (IVI 5.44%). Invasive 
alien species are commonly found dominating 
various habitats in West Timor, however no 
attempt has been taken to control them and 
prevent their further spreads although such 
species has been widely recognized as harming 
local species, threatening local biodiversity, and 
replacing native species [38]. Its high growth rate 
and tolerance to various environmental 
conditions has made V. nilotica is an important 
invasive species in grassland and savannah 
ecosystem [28]. V. nilotica has been introduced 
to Indonesia in about 1850 [39] and ever since 
invaded grassland and savannah ecosystems in 
the country, including those in West Timor.        

V. nilotica invasion in West Timor has caused 
grassland productivity to decrease, causing 
significant decrease of grassland carrying 
capacity in supporting livestock grazing. The 
distribution and population of this species 
continue to increase and become serious weed 
in many countries [40].  
 
In West Timor, T. stans is commonly found 
forming dense clump in grassland and disturbed 
lands, reducing growth of grass and other native 
species. Global Invasive Species Database 
(GISD, 2008) [41] has listed this species as a 
noxious weed in South Africa, Australia and 
America. This species serves no economic 
purpose and possesses characteristics that are 
harmful to animal, environment and even human 
beings, able to invade undisturbed environments 
and transform or degrade natural plant 
communities, and particularly difficult to control, 
causing serious financial losses to land owners 
[42]. J. gossypifolia is a vigorous invader of 
lowland savannah of West Timor, particularly in 
alluvial soil right down to the riverbed [43]. The 
economic impact of this species on the livestock 
industry has been reported in Australia [44]. In 
the long term, its restricts the growth of native 
and introduced grasses, ultimately displacing 
pasture species, making any land colonised by 
this weed entirely unproductive [45]. C. odorata 
has introduced to Indonesia since 1910 [46] and 
eversince invaded a wide range of soils, 
disturbed areas, fallow land, road sides, 
degraded forest margins and tree canopy gaps in 
the forests by forming dense stands preventing 
the establishment of other species, both due to 
competition and allelopathic effects [47]. It is 
reportedly one of the world's most invasive 
weeds [48].  
 
In general, the contribution of invasive species in 
the five remnant forest communities was 
relatively high with the total density 22.71%, 
dominancy 14.39%, frequency 19.87%, and IVI 
56.96%. Almost a quarter of trees and shrubs 
present in the remnant forest communities was 
weedy shrubs, indicating that the remnant forest 
communities has been severely invaded by 
weedy species resulting in poor health of forest 
ecosystem that requires immediate restoration. 
Those invasive species degrade and threaten the 
integrity and native composition of remnant forest 
ecosystems and have negative impacts to forest 
health, biodiversity, and ecosystem services, 
increase tree seedling mortality, inhibit 
regeneration, and reduce growth of native plant 
species. By changing disturbance regimes, 
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Table 2. Relative Density (RDE), Dominancy (RDO), Frequency (RFE), and Importance Value 
Index (IVI) of tree-shrubs species at forest vegetation of West Timor 

 

No. Species Family RDE RDO RFE IVI 

1 Tectona grandis Linn. Lamiaceae 24.97 28.46 20.53 73.96 

2 Schleichera oleosa (Lour.) Sapindaceae 10.26 18.99 10.09 39.34 

3 Vachellia nilotica (L.) P.J.H.Hurter & Mabb. Fabaceae 12.19 11.23 9.49 32.92 

4 Spondias pinnata (L.f.) Kurz Anacardiaceae 6.60 7.01 7.06 20.67 

5 Tamarindus indica L Fabaceae 4.65 5.59 7.58 17.81 

6 Tecoma stans (L.) Kunth Bignoniaceae 6.76 0.39 5.93 13.08 

7 Ziziphus mauritiana Lam. Rhamnaceae 3.88 2.32 4.60 10.79 

8 Swietenia mahagoni (L.) Jacq. Meliaceae 4.33 2.52 3.84 10.68 

9 Ceiba pentandra (L.) Gaertn. Malvaceae 1.97 4.12 2.06 8.15 

10 Alstonia scholaris L. R. Br. Apocynaceae 1.53 2.81 2.39 6.74 

11 Gliricidia sepium (Jacq.) Kunth ex Walp. Fabaceae 2.20 1.27 3.25 6.72 

12 Borassus flabellifer L. Arecaceae 1.53 2.34 1.76 5.63 

13 Agathis damara (Lamb.) Rich. Araucariaceae 2.07 1.96 1.53 5.57 

14 Jatropha gossypiifolia L Euphorbiaceae 2.03 1.46 2.04 5.52 

15 Chromolaena odorata (L.) R.M.King & 
H.Rob. 

Asteraceae 1.73 1.31 2.41 5.44 

16 Ficus benyamina L Moraceae 1.51 1.88 2.03 5.41 

17 Senna siamea (Lam.) H.S.Irwin & Barneby Fabaceae 1.68 1.24 2.11 5.03 

18 Sterculia foetida L Malvaceae 2.03 0.89 2.01 4.93 

19 Leucaena leucocephala (Lam.) de Wit[ Fabaceae 1.48 0.80 1.76 4.04 

20 Anacardium occidentale L. Anacardiaceae 1.45 0.84 1.31 3.60 

21 Areca catechu L. Arecaceae 0.68 1.40 1.18 3.27 

22 Caesalpinia pulcherrima (L.) Sw. Fabaceae 1.68 0.11 1.38 3.18 
23 Sesbania grandiflora (L.) Poiret Fabaceae 0.67 0.02 1.14 1.83 

24 Syzygium cumini (L.) Myrtaceae 1.18 0.24 0.29 1.71 

25 Cocos nucifera L. Arecaceae 0.23 0.38 0.591 1.20 

26 Pterocarpus indicus Willd. Fabaceae 0.23 0.27 0.59 1.09 

27 Pinus mercusii Jungh. & de Vriese Pinaceae 0.32 0.02 0.70 1.03 

28 Acacia auriculiformis A.Cunn. ex Benth. Fabaceae 0.15 0.15 0.35 0.66 

 Total  100 100 100 300 
 

geomorphology, and soil chemistry, they reduce 
wildlife habitat diversity and quality, increase 
wildfire risk, change soil chemistry, and finally 
degrade natural hydrology. Invasive plants can 
drastically reduce biodiversity of native plants, 
which in turn can reduce biodiversity of wildlife by 
changing the structure and composition of 
vegetation communities [49]. This may lead to a 
decline in endangered, threatened, special 
concern or rare species or plant communities. 
Infiltration of invasive species into forested 
environments may disrupt forest ecosystem 
processes and functions by displacing native 
species, establish viable populations, and 
become highly invasive in their new environment 
[50]. These invasive species can reach a high 
level of dominance within their trophic level in 
their new community, and can exert powerful 
effects on ecosystem processes and properties 
in their new environment.  

The remaining remnant native forest vegetation 
in West Timor is crucial for supporting local 
biodiversity and maintaining health of local 
environment. Forests provide the pathways for 
water capture, transport, and evaporation as it 
circulates throughout various systems at multiple 
scales [51]. Forest-derived processes also serve 
integral functions in determining plant and animal 
community compositions by influencing light 
levels, soil conditions, nutrient availability, and 
physical structures [52,53]. Forests play globally 
important roles in influencing other large-              
scale ecosystem patterns and processes such as 
the carbon and nutrient cycles [54].                    
Therefore, management strategies to prevent, 
reduce, control, and monitor invasive species               
are needed to maintain the remaining                
remnant forests sustainably and therefore 
minimize the economic, ecological, and              
human health impacts caused such invasive 
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species. The high forest conversion in               
the past and the proximity of most forest to 
human habitats make most remnant forests in 
West Timor increasingly vulnerable to further 
disturbances. Exploitation by local people 
through logging, harvesting forest product, 
grazing domestic animal, fires during the dry 
season, and introduction of unnatural plants are 
all contributed to disturbance and causing severe 
damage to the integrity of the local forest 
ecosystems [55].  
 

4. CONCLUSION 
 
The number of species and families present in 
the five remnant forest communities of West 
Timor was relatively low compared to those of 
commonly found in tropical rainforest areas. The 
diversity of species present was also low as 
indícated by Index of Similarity among stands. 
The low number of species and families, and the 
low diversity of species present indicated the 
poor growing conditions of West Timor that does 
not support high diversity of flora. Based on plant 
size distribution, the presence of big stature trees 
in the remnant forest communities was relatively 
low. Based on number of individuals present, the 
composition pattern of the remnant forest 
communities was characterised by abundance of 
few species and rarity of all other species. Based 
on their frequency, most of species present in the 
remnant forest communities were of low 
occurrence, indicating a high degree of floristic 
heterogeneity. Most species present in forest 
were category of small and very small IVI. 
Species within the category of very small IVI 
were of conservation priority since those species 
were more prone to extinction.  In general, the 
contribution of invasive alien species to the 
composition of the remnant forest communities 
was relatively high with about a quarter of forest 
composition consisted of weedy shrubs. All of 
these conditions indicate that the remnant forest 
communities were in the state of poor quality or 
health and high anthropogenic disturbances. To 
prevent further degradation, management 
strategies to take conservation and restoration 
actions of the remaining remnant forests of West 
Timor are clearly required.  
 

ACKNOWLEDGEMENTS 
 
This study was supported by a research grant 
provided to the first author by Nusa Cendana 
University in 2020/2021. Both authors appreciate 
Rector of Nusa Cendana University for providing 
funding for this study and providing facilities used 

in this research. Technical help from Apriana 
Piga, S.Kom, M.Si., in managing the data for this 
research is also fully appreciated. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 
REFERENCES 
 
1. Monk KA, de Fretes Y, Reksodiharjo-Lilley 

G. The Ecology of Nusa Tenggara and 
Maluku. Singapore: Periplus Editions (HK) 
Ltd; 1997. 

2. Braby, MF, Pierce NE. Systematics, 
biogeography and diversification of the 
Indo-Australian genus DeliasHübner 
(Lepidoptera: Pieridae): phylogenetic 
evidence supports an ‘out-of-Australia’ 
origin. Systematic Entomology. 2007;32:2-
25. 

3. Wikramanayake E, Dinerstein E, Colby J. 
Loucks. Terrestrial Ecoregions of the Indo-
Pacific: a Conservation Assessment. 
Washington, DC: Island Press; 2002. 

4. Dinerstein E, Olson D. An Ecoregion-
Based Approach to Protecting Half the 
Terrestrial Realm. BioScience. 2017;67(6): 
534-45.  

5. Cowie, Ian. A Survey of Flora and 
Vegetation of the Proposed Jaco-Tutuala-
Lore National Park, Timor-Leste (East 
Timor). Birdlife International; 2006. 

6. Lesmana D, Trainor C, Gatur A. Arti 
Penting Hutan di Daratan Timor Bagian 
Barat: Telaah Awal Informasi 
Keanekaragaman Hayati dan Social-
Ekonomi di Pulau Timor (Propinsi Nusa 
Tenggara Timur). Jakarta: Bird Life 
Indonesia - WWF Indonesia; 2000. 
Indonesia. 

7. Statistics of Nusa Tenggara Timur 
Province; 2018.  Jl. R. Suprapto No. 5 
Kupang - 85111, Telp (0380) 826289, 
821755, Mailbox: pst5300@bps.go.id, 
bps5300@bps.go.id 

8. Chua SC, Ramage BS, Ngo KM, Potts MD, 
Lum SKY. Slow recovery of a secondary 
tropical forest in Southeast Asia. Forest 
Ecology and Management. 2013;15:153-
60. 

9. Kacholi D.S. Analysis of Structure and 
Diversity of the Kilengwe Forest in the 
Morogoro Region,Tanzania. International 
Journal of Biodiversity. 2014;8, Article ID 
516840. 



 
 
 
 

Gaol and Mudita; AJEE, 13(4): 1-14, 2020; Article no.AJEE.61398 
 
 

 
13 

 

Available:http://dx.doi.org/10.1155/2014/51
6840 

10. Greig-Smith, P. Quantitative Plant Ecology. 
University of California Press, Berkeley, 
California. 1983;359. 

11. Gentry AH. Tropical Forest Biodiversity: 
Distributional Patterns and Their 
Conservational Significance. Oikos. 1992; 
63:19-28.  

12. Profil Daerah Kabupaten dan Kota. 
Jakarta: Penerbit Kompas; 2001. hlm. 349. 
ISBN 979-709-009-4. Indonesia. 

13. Oldeman LR, Las I, Muladi. The 
Agroclimatic Map of Kalimantan, Maluku, 
Irian Jaya, Bali, West and East Nusa 
Tenggara. Central. Research Institute of 
Agriculture, Bogor, Indonesia; 1980. 

14. BPS Kabupaten Kupang; 2020.  
Available:http://s.bps.go.id/SKD_BPSKabK
upang_2020 

15. Mueller-Dombois D, Ellenberg H. Aim and 
Methods of Vegetation Ecology. Jon Wiley 
& Sons New York; 1974. 

16. Kessler M, Keßler PJA, Gradstein SR, 
Bach K, Schmull M, Pitopang R. et al. Tree 
diversity in primary forest and different land 
use systems in Central Sulawesi, 
Indonesia. Biodiversity and Conservation. 
2005;14:547-60. 

17. Gentry AH. Changes in plant community 
diversity and floristic composition on 
environmental and geographical gradients. 
Annals of Missouri Botanical Garden. 
1988;75:1-34. 

18. van Welzen PC, Ferry Slik JW, Alahuhta J. 
Plant distribution patterns and plate 
tectonics in Malesia. Biol. Skr. 2005; 
55:199-217.  

19. van Steenis CGGJ. Plant-geography of 
east Malesia. Botanical Journal of the 
Linnean Society. 1997;79:97-178. 

20. Barlow BA. The Australian flora: its origin 
and evolution. Flora of Australia. 1981; 
1:25-75. 

21. Whitmore TC. 1989. Southeast Asian 
tropical forests. pp. 195-218. In: Lieth H,  
Werger MJH, (Eds.). Ecosystems of the 
World 14B, Tropical Rain Forest  
Ecosystems. Elsevier: Amsterdam-Oxford-
New York-Tokyo.  

22. Ingram JC, Dawson TP, Whittaker RJ. 
Mapping tropical forest structure in 
southeastern Madagascar using remote 
sensing and artificial neural networks. 
Remote Sensing of Environment. 2005; 
94(4):491-507. 

23. Hadi S, Ziegler T, Waltert M, Hodges JK. 
Tree diversity and forest structure in 
northern Siberut, Mentawai islands, 
Indonesia. Tropical Ecology. 2009;50(2): 
315-27. 

24. Françoso RD, Haidar RF, Machado RB. 
Tree species of South America central 
savanna: endemism, marginal areas and 
the relationship with other biomes. Acta 
Botanica Brasilica. 2016;30(1):78-86.  

25. Zegeye H, Teketay D, Kelbessa E. 
Diversity, regeneration status and 
socioeconomic importance of the 
vegetation in the islands of Lake Ziway, 
South-Central Ethiopia. Flora. 2006;201(6): 
483-98. 

26. Soerianegara I, Indrawan A. Ekologi Hutan 
Indonesia. Bogor: Laboratorium Ekologi 
Hutan. Fakultas Kehutanan. Institut 
Pertanian Bogor; 1998. Indonesia. 

27. van Steenis CGGJ. Flora, untuk sekolah di 
Indonesia. PT Pradnya Paramita, Jakarta. 
Hal. 1981;276-77. 

28. Holm L, Pancho JV, Herberger JP, 
Plucknett DL. A Geographical Atlas of 
World Weeds. John Wiley and Sons; 1979. 

29. Alikodra HS. Tanaman eksotik akasia 
(Acacia nilotica) dan masalahnya bagi 
ekosistem savannah di Taman Nasional 
Baluran. Duta Rimba. 1987;13(19):30-34. 
Indonesia. 

30. Hou D. Anacardiaceae. In: CGGJ VS, ed. 
Flora Malesiana Ser. 1. Alphen aan den 
Rijn: Sijthoff & Noordhoff. 1978;1:395–548. 

31. Magurran A.N. Measuring Biological 
Diversity, Blackwell Science, Melden, 
Germany; 2004. 

32. Schwarz PA, Fahey TJ, McCulloch CE. 
Factors controlling spatial variation of tree 
species abundance in afforested 
landscape. Ecology. 2003;84(7):1862-78. 

33. Counter, Allen S. Amazing mystery: A 
medicine man understood the secrets of 
this plant long before we did. How? . 
Boston Globe. Retrieved 22 February 
2019. 

34. Kirtikar KR, Basu BD. Indian Medicinal 
Plants, International Book Distributor & 
Publisher, Dehradun, Edition 2005, 
bks.2005;1:735-36. 

35. World Conservation Monitoring                
Centre. Pterocarpus indicus. IUCN Red 
List of Threatened Species. 1998: 
e.T33241A9770599.   
DOI: 10.2305/IUCN.UK.1998  
RLTS.T33241A9770599.en 



 
 
 
 

Gaol and Mudita; AJEE, 13(4): 1-14, 2020; Article no.AJEE.61398 
 
 

 
14 

 

36. Madoffe S, Hertel GD, Rodgers P, 
O’Connell B, Killenga R. Monitoring the 
health of selected eastern arc forests in 
Tanzania. Afr. J. Ecol. 2006;44:171-77. 

37. Addo-Fordjour P, Anning AK, Larbi JA, 
Akyeampong S. Liana species richness, 
abundance and relationship with trees in 
the Bobiri forest reserve, Ghana: impact of 
management systems. For Ecol Manage. 
2009;257:1822-28.   

38. McWilliam A. A Plague on Your House? 
Some Impacts of Chromolaena odorata on 
Timorese Livelihoods. Human Ecology. 
2000;28(3):451-69. 

39. Djufri. Acacia nilotica (L.) Willd. ex Del. and 
Problematical in Baluran National Park, 
East Java. Biodiversitas. 2004;5(2):96-104. 

40. Reynolds JA, Carter JO. Woody weeds in 
central western Queensland In: 
Proceedings 6th Biennial Conference, 
Australian Rangelands Society, Carnarvon, 
Western Australia. 1890;304-306. 

41. Global Invasive Species Database (GISD, 
2008). 

42. Cunningham PL. Tecoma stans a potential 
invasive alien in Namibia? DINTERIA. 
2008;30:33-39. 

43. Miller IL, Pitt JL. Is Jatropha gossypiifolia 
the next Mimosa pigra? Transcript of 
BARC seminar 26 June 1992. Northern 
Territory, Australia: Berrimah Agricultural 
Research Centre, Department of Primary 
Industry and Fisheries, unpaginated; 1992. 

44. Tothill JC, Mott JJ, Gillard P. Pasture 
weeds of the tropics and subtropics with 
special reference to Australia. Biology and 
ecology of weeds [Holzner, W. and 
Numata, M. (Editors)]. The Hague, 
Netherlands: Dr. W. Junk. 1982;403-427. 

45. King S, Wirf L Draft weed management 
plan for bellyache bush (Jatropha 
gossypiifolia) in the Northern Territory 
(2005-2008). Palmerston, Northern 
Territory Government, NT: Northern 
Territory Department of Infrastructure, 
Environment, and the Arts, unpaginated; 
2005. 

46. Prawiradiputra BR. Kirinyuh (Chromolaena 
odorata (L.) R.M. King dan H.Robinson): 

Gulma Padang Rumput yang Merugikan. 
Wartazoa. 2007;17:46-52. Indonesia. 

47. Zachariades, Day CM, Muniappan R, 
Reddy GVP. Chromolaena odorata (L.) 
King and Robinson (Asteraceae) in 
Muniappan, R, G.V. P. Reddy & A. Raman. 
Biological Control of Tropical Weeds using 
Arthropods. Cambridge University Press. 
2009;130-62. 

48. McFadyen REC, Desmier de Chenon R, 
Sipayung A. Biology and host specificity of 
the chromolaena stem gall fly, 
Cecidocharesconnexa (Macquart) 
(Diptera:Tephritidae). Aust. J. Ent. 2003; 
42:294-97. 

49. Dukes JS, Mooney HA. Disruption of 
ecosystem processes in western North 
America by invasive species. Revista 
Chilena de Historia Natural. 2004;77:411-
37. 

50. Richardson DM, Pyšek P. Naturalization of 
introduced plants: ecological drivers of 
biogeographical patterns. New Phytol. 
2012;196:383-96. 

51. Hornberger GM, Raff ensperger JP, 
Wiberg LP, Eshleman KN. Elements of 
physical hydrology. Baltimore, MD: Johns 
Hopkins University Press. 1998;302. 

52. Boettcher SE, Kalisz PJ. Single-tree 
influence on soil properties in the 
mountains of eastern Kentucky. Ecology. 
1990;71:1365-72. 

53. Smail, RA, Lewis DJ. Forest-land 
conversion, ecosystem services, and 
economic issues for policy: A review. Gen. 
Tech. Rep. PNW-GTR-797. Portland, OR: 
U.S. Department of Agriculture, Forest 
Service, Pacific Northwest Research 
Station. 2009;40. 

54. Bowman, DMJS, Balch JK, Artaxo P. Fire 
in the Earth system. Science. 2009;324: 
481-84. 

55. Naughton-Treves L, Alix-Garcia J, 
Chapman CA. Lessons about parks and 
poverty from a decade of forest loss and 
economic growth around Kibale National 
Park, Uganda. Proceedings of the National 
Academy of Sciences of the United States 
of America. 2011;108:13919-24. 

_________________________________________________________________________________ 
© 2020 Gaol and Mudita; This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited. 
 
 
 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sdiarticle4.com/review-history/61398 


