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 Gunung Meja natural tourism park is one of Merbau (Intsia bijuga) habitats and serves 

as a prototype of limestone forest in northern part of Papua Island. This area is intended 
for study of forest ecology and botany. This research objective was to propose a 

structural equation model to analyze population of Merbau. Data were collected using 

quadratic unit sampling technique in areas where Merbau grows. Canopy closure, 
structure and composition of vegetation, ground vegetation species, elevation and slope 

of area were recorded. Variables to construct the model were density of Merbau 

seedling and poles, height, diameter and volume of Merbau trees, percentage of canopy 
closure, elevation and slope of area. These variables were processed using AMOS 2.0 

to obtain a proper equation model. The validity of developed model was accepted, 

which was shown by values of RMSEA,GFI, CMIN/df, and df, which were 0,063, 
0,912, 1,641 and 64, respectively. The lamda (λ) values from eight manifest variables 

were over 0,5. The model predicted that if the environmental variables increased one 

unit, it would accelerate population of Merbau seedlings around 0,405 units, rising 
saplings about 0,213, and increasing volume of poles about 0,071 units. Adversely, tree 

volume decreased about 0,035 units. Environmental effect on changes of Merbau 

population was inversely proportional to its stages. This phenomenon indicated that 
increasing age of population would reduce the dependency rate on environmental 

factors. Transition phase showed that population of Merbau was significantly 

determined  by environmental factors. 
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INTRODUCTION 

 

 Merbau (Intsia spp.) has an important role in ecological, economic and socio-cultural. Therefore, Merbau 

become target in exploitation for more than three decades in Papua forests. However, there are some over-

exploitation and bad management systems which possibly makes potential decrease of Merbau. Therefore, it 

needs a serious attention from government and other stakeholders to make preventive action such as plantation 

program of Merbau. However, reference data and information for the establishment of plantations are still 

lacking. In Papua, Merbau grow normally from low land to mid mountain area. Natural Tourism Park (NTP) of 

Gunung Meja in Manokwari is one of Merbau natural habitats. This area is as part of ecosystem where the 

biological and physical factors of forest influence one another. In this ecosystem, Merbau can be possibly 

observed scientifically to obtain information on how Merbau grow and thrive in natural forest. Over-

exploitation of Merbau in Papua forest without taking conservation action will cause damage to residual stand 

of Merbau, but also other plants. Besides damaging Merbau stands, it also results damage of environment for 

many species of wildlife which is as part of wet tropical forest ecosystem dynamics in Papua. 

 From some experiences and field observations, Merbau with a diameter ≥ 50 cm and height between 30-35 

m can have canopy area up to 600 m
2
 or wider than that size. Such a broad canopy could have ecological 

functions, but the canopy will have adverse impact when the Merbau trees felled. In addition, for People Feed 

Development (PFD) today, seedlings and seeds of Merbau in natural forests were subjected to establish nursery 

and seedlings source by local people in Amban village since 2010. Based on observations on some PFD in 

Amban region, about 20,000 seedlings are annually taken in Gunung Meja and those seedlings are also taken by 



1013                                                                 Ronggo Sadono et al, 2014 

Advances in Environmental Biology, 8(17) September 2014, Pages: 1012-1019 

people who live outside the village Amban. This fact could be a threat to population of Merbau. Even though 

the number of seedlings is high, but in forest those seedlings do not survive naturally. Consequently, lesser 

Merbau grow into adult trees. 

 The other worries is government policy to change the minimum diameter cutting limit from ≥ 50 cm to 40 

cm and logging cycle was altered to 30 years. This policy is a threat the natural habitat existence of Merbau in 

future. For example, forests in Sumatra and Borneo currently still having difficulties to get the stands of 

diameter above 40 cm. Those conditions could lead to dilemma to reduce Merbau exploitation. On other hand, 

demand for Merbau is increasingly needed. To cope that, government issued a policy development and the 

development of local Papuan forest plant species, including Merbau. For this purpose, Merbau ecological data 

should be well prepared early in its management as a reference later. 

 Proper approaches to study Merbau behavior are required.  One of them is ecological model. This approach 

is a simplification of a complex ecological system as interactions of physical and biological sub-systems. 

According Burkhart [2], choosing a proper model of functional elements or major elements is  crucial. 

Therefore, Sadono [13] suggested the use of Principal Components Analysis (PCA) in factor analysis to 

summarize many of variables in models into fewer factors. New variables or factors can be used as a variable in 

a linear regression or non-linear analysis, and path diagram. One method has been developed to take many 

variables in an analysis namely Structural Equation Model (SEM). According to Grace [6], an understanding of 

complex natural systems can be described through multivariate association studies using SEM methods. 

 SEM methods usage is very proper to model the interrelationships between Merbau and environment. 

Furthermore, building a model of population of Merbau is urgently required. This study aimed to examine 

Merbau population in Natural Tourism Park (NTP) Gunung Meja of Manokwari through a structural equation 

model. 

MATERIAL AND METHOD 

 

Study area and Data Collection Techniques: 

 This research took place at Gunung Meja NTP in Manokwari from August 20
th

 to October 17
th

, 2012. 

Sampling of Merbau and other plant species were observed using systematic sampling method in the field and 

literature studies were done to get  additional information. Samples were collected using quadratic plot of 20 m 

x 20 m for sample trees, height and slope place, 10 m x 10 m for the poles, 5 m x 5 m were for the saplings, type 

of ground cover, climbers and 2 m x 2 m for seedlings. Plots were placed purposively according to distribution 

of Merbau in Gunung Meja NTP (Figure 1). 

 

 
 

Fig. 1: Merbau Spread Map of Tree Level for soil type at Gunung Meja NTP. 

 

Theoretical Model Development: 

 Plants population in a natural forest ecosystem is determined directly or indirectly by habitat factors such as 

soil, climate, vegetation conditions, and forest animals [10]. According to Barbier [1], indirectly factors are 

determined by social, cultural and economic of forest owners. Soekotjo [17] added that both the kinds and 

quantity of vegetation produced per unit of a particular area has correlation with growth place factors. 

 Every family of plant has a variation of plant growing space. The growing space can be measured through 
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the vast space required for the stem and crown. Growing space can be studied through extensive canopy 

projection. Growing space is correlated with tree because it refers to resources needed to grow. Therefore, space 

density affects tree, which in turn affects on resources competition to grow [16,4,12]. Hence, assumption of 

model is developed from populations of other plants growth around Merbau in each plot observations along 

with physical factors affecting the region directly and indirectly on population of Gunung Meja NTP in 

Manokwari. 

 

Variables Identification: 

 Variables in table 1 were identified to make the model. The variables were structured based on SEM 

method. 

 
Table 1: Variables of model. 

No Variables Properties and functions 

1 Height and diameter of Merbau trees Manifest, exogenous 

2 Height and diameter of Merbau poles Manifest, exogenous 

3 Height and diameter of other species trees Manifest, exogenous 

4 Height and diameter of other species poles Manifest, exogenous 

5 The types of ground cover Predictor, endogenous, exogenous 

6 Another type of regeneration (seedlings and saplings) Predictor, endogenous, exogenous 

7 Canopy closure Predictor, endogenous, exogenous 

8 Altitude Predictor, exogenous 

9 Slope Predictor, exogenous 

10 Tree volume of Merbau Latent, exogenous, endogenous 

11 Poles volume of Merbau Latent, exogenous, endogenous 

12 Trees volume of other spesies Latent, exogenous, endogenous 

13 Poles volume of other spesies Latent, exogenous, endogenous 

14 Merbau seedlings Predictor, endogenous, exogenous 

15 Merbau poles Predictor, endogenous, exogenous 

 

Operational Definition of Variables: 

1. Merbau Tree volume is the total tree volume of all Merbau with diameter ≥ 20 cm in a single plot 

observation (VPM). 

2. Poles volume of Merbau is total volume of all Merbau poles with diameter ≥ 10 cm and <20 cm in a single 

lot observation (VTM). 

3. Tree volume of another tree species is the total tree volume of all other tree species with diameter ≥ 20 cm 

in single plot observation (VPJL). 

4. Poles volume of another tree species is the total poles volume of all other tree species with diameter ≥ 10 

cm and <20 cm in a single plot observation (VTJL). 

5. Seedlings are the number of Merbau seedlings begin with germination until the height <1.5 m (BC). 

Saplings are the regeneration of Merbau with diameter <10 cm and height ≥ 1.5 m (PM). 

6. Seedlings of another species are the number of non Merbau seedlings or non land cover plants, from 

germination until height <1.5 m. Saplings of another species are the number of non Merbau regeneration, or non 

land cover plants with diameter <10 cm and height ≥ 1.5 m in the observation plots (PJL). 

7. Slope (KL) is the measurement result of land inclination in one observation (%). 

8. Elevation (KT) is the distance between the highest points in observation plots with sea level (m asl). 

9. Type of land cover is the total amount of each land cover plants in one plot observation, of non regeneration 

of other tree species (JPT). 

10. Merbau Tree diameter is the total length of rod center line at a height of 130 cm Merbau trees in single 

observation plot (DPM). 

11. Merbau Poles diameter is total length of rod center line at a height of 130 cm Merbau trees in single 

observation plot (DTM). 

12. Tree diameter of other species is the total length of rod center line at a height of 130 cm of other tree 

species in single observation plot (DPJL). 

13. The total poles height is the vertical distance between the base of Merbau pole trunk and crown base 

belonging to pole phase in a single observation plot (TTM). 

14. The total tree height is the distance between the base of Merbau tree trunk and crown base belonging to tree 

phase in single observation plot (TPM). 

15. Total tree height of another species is the distance between the base of tree trunk and crown base another 

species (non Merbau) belonging to poles phase (TTJL) and to trees (TPJL) in one plot observation. 

16. Canopy closure is the area of observation plots (400 m
2
) covered by forest canopy (TT). 

 

Sample Size  and Sample Point Placement: 

 Initial survey conducted is by Distribution Map of Merbau from Dutch Government in 1960 to determine 
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the location of plot covered Merbau naturally. Placement of sample points was done deliberately only at points 

of Merbau because of uneven distribution in in Gunung Meja NTP area. The minimum sample size according 

Sekaran [17] in EQ Mustafa and Wijaya [3] was five times the number of indicators of latent variables used in 

this study or at least 40 observation plots should be used as minimum sample size. 

 

Measurement Procedure and Data Collection: 

 Measurement procedures and data collection was conducted in chronological order as follows: 

1. Merbau exploration was done by Merbau distribution map and a compass to collect Merbau data; other 

vegetation was more organized and carried out outside of Merbau timber plantations. 

2. When Merbau was found, then it was set up observation plots with size of quadrates in accordance with the 

growth phase. The size of quadrates for each growth phase is as described previously. 

3. In setting up the plot, at least one Merbau was used as the central plot point, then conducting data collection 

and observation of all plants that grow in observation plot and climatic factors was measured. 

4. Parameters of Merbau and other trees for poles and trees stages were cover height, diameter, canopy closure 

percentage, and quantity. For seedlings, saplings, lianas, and type of ground cover was only recorded the type 

and number of individuals per sampling unit. 

5. Canopy closure was recorded by measuring the projected area above ground of wide open in a single 

observation plot (400 m
2
). 

6. All the results of calculation and field data measurement were analyzed, and then it was used to construct a 

structural equation model in accordance with conceptual model. 

7. Converting the path diagram into a structural model and measurement model using AMOS 20 with test 

stages, i.e.  the assumption of variable, models identification, process models, model validation, interpretation 

and model modification. 

 

Data Analysis: 

 The indices used as valid models measurements are follows [15,12,5,3]. 

 Normed chi-square (CMIN/DF). Normed Chi Square is quotient value between  Chi Square (χ2) and 

Degree of Freedom. If CMIN/DF ≤ 2.00 then the model is considered consistent with variables used. 

 The Root Mean Square Error of aproximation (RMSEA). RMSEA values are used to assess the goodness 

of fit when the model estimated in population. This index is not affected by samples quantity. When the value of 

RMSEA ≤ 0.08 then the model is considered fit. 

 Goodness of Fit Index (GFI). Goodness of Fit Index is used to calculate the level of pecified models 

squared of residuals calculation from the predicted model compared with actual data. If the value of GFI ≥ 0.90 

or close to 1, then the model is considered good. 

 

RESULTS AND DISCUSSION 

 

General Population Structure of Merbau: 

 Merbau is a tree type that able to regenerate annually, but in natural forest only little seedlings survive. It 

makes mature Merbau is very limited (Table 2). That has consequences to of seedlings to adapt to environment 

and compete with other trees. 

 
Table 2: Merbau population structure. 

No. Stages Population size (individuals/ha) 

1 Juvenile plants (seedlings) 33.043 

2 Pre matures (saplings) 1,155 

3 Mature (poles and trees) 87 

 

 The total populations of Merbau at Gunung Meja NTP (± 268.4 ha) are about 9,343,809 individuals 

consisting of 8,868,741 seedlings, 310,002 saplings, 9,394 poles and 155,672 trees. Then, those data were 

calculated individually per hectare (Table 2). 

 Merbau population shows a tendency to create inverted pyramid. It is normal condition in wet tropical 

forest plant communities. Merbau population shape is predicted will always same when the internal and external 

factors does not change over time. 

 

Structural Equation Model and Model Fitting: 

 The model at Figure 1 can be accepted because it has been fit with a RMSEA value of 0.063≤0, 08, DF = 

64, GFI = 0.912, CMIN/DF = 1.641. The model explains about the overall variation of data that is used to 

explain Merbau in a complex forest ecological system in Gunung Meja NTP. The model also illustrates a 

number of variables correlations with system model and control the Merbau population. 
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Table 3: The Results of Construct Validation. 

No Latent variable Indicator Lamda (λ) 

1 VolTM DTM 0.6 

  TTM 2.09 

2 VolPM DPM 1.21 

  TPM 0.75 

3 VolTJL DTJL 0.63 

  TTJL 1.05 

4 VolPJL DPJL 0.8 

  TPJL 1.17 

 

 Construct validation at Table 3 shows the lambda (λ) value of eight indicators> 0.5. It means that eight 

indicators can describe each latent variable that not stable. Instability of eight indicators indicated that there are 

other factors outside the model affecting the change Merbau, including soil, physiographic and climatic 

conditions. As a result, there will be changes in the size of trees when there are additional volumes of other 

variables in model or when the measurements were repeated with same variable. 

 All environment variables at Table 4 have a small effect on Merbau. It indicates that there are no 

biophysical factors affecting on Merbau population. The results obtained from model are an expression of 

environment balance as the main function of SEM to link theory of ecology through explanatory models. β 

coefficient and λ value in model are not stable. It exhibits a sensitivity of wet tropical forests are still intact. If 

the environmental effect is low, the change is also low. However, the effect will change positively as the effects 

of relationships between elements in further habitat change of Merbau population in Gunung Meja NTP . 

 
Table 4: Standardized regression weights on structural model of population. 

Relationship influence 
 

Estimate (Magnitude and effect direction) 

SM  PJL 0.003 

SM  JPT 0.057 

PM  TT -0.081 

VolPM  VolPJL 0.007 

VolTM  VolTJL 0.005 

PM  JPT -0.032 

SM  TT 0.143 

PM  PJL -0.037 

DTM  VolTM 0.601 

TTM  VolTM 1.441 

DPM  VolPM 1.206 

TPM  VolPM 0.753 

DTM  KL 0.021 

TPM  KL -0.138 

DPM  KL -0.095 

TTM  KL -0.026 

TTM  KT -0.086 

DTM  KT -0.036 

DPM  KT -0.088 

TPM  KT -0.07 

VolPM  VolTM -0.042 

VolTM  PM 0.055 

PM  SM 0.293 

SM  VolPM 0.125 

 

Effect  of Environmental Factors on Merbau Population: 

Juvenile phase: 

 When all four environmental factors increase one unit, then it will stimulate Merbau seedlings coefficient (-

β coefficient) of each environmental factor. Canopy closure increases the seedling population, because the 

Merbau is shade tolerant. Although statistic test show significant result, but in reality the effect may occur 

through intermediate variables as well as the accumulation of several other factors simultaneously. These 

phenomena also occurs in other three factors to affect Merbau seedlings through micro-climate, soil and 

chemical reactions in decomposition process that ultimately play a role in seed germination to regeneration. 

Overall, total direct and indirect effects of Merbau seedlings were 0.405. This means that if there is an increase 

in all environment variables by one unit, it will increase Merbau seedlings population by 0.405. 

 Another factor that was not taken into model, but that recorded in this research was the removing of 

Merbau seedlings. The number of Merbau seedlings taken by local people was about 20.000-30.000 seedlings 

and then the seedlings were used in nursery. Moreover, seedlings are also sold for IDR 500, - up to IDR. 1000,-

/seedlings. This condition decreases the number of mature trees because regeneration of Merbau does not run 

naturally. 
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Fig. 2: Structural Equation Model of Merbau Population in Gunung Meja NTP. 

  

Pre mature plants: 

 Three environment factors affect negatively while Merbau seedlings gave positive effect on population of 

saplings. When all four environmental factors increase, it will increase the population cumulatively 0.21 sapling 

unit. If the seedling population is high, that will successfully grow into saplings. In this observation, canopy 

closure will have negative effect the number of saplings, because the sapling phase (diameter <10 cm) turn from 

shade tolerant into shade intolerant. Canopy in forest actually reduce light intensity. Therefore, light intensity 

under storey is very low [9]. Moreover, land closure and other species negatively affect regeneration through 

competition. Consequently, number of Merbau saplings reduces as the height, diameter and canopy area 

increase. 

 The magnitude of effect of environment on population total saplings is 0.273, meaning that if all 

environment variables increase one unit. There will be an increase in population by 0.273 units of Merbau 

seedlings. 

 

Mature plants: 

 Merbau Saplings and other types of poles volumes affect positively on volume of Merbau poles. If the 

population have enough saplings (diameter <10 cm), saplings would grow into poles phase. When the volume of 

other types of poles increases, it will stimulate volume response of Merbau poles of 0.005 as a result of vertical 

competition. 

 Altitude and slope affect indirectly on poles volume of Merbau in height and diameter. Slope affect 

positively on diameter and height, but the slope affect negatively on Merbau poles. This condition is an 

adaptation of population density of other species which have opposite effect of height and slope. The slope 

possibly correlates to nutrient availability where run-off will lead to material movement including nutrients [18]. 

Heights and slopes possibly can broke or damage as a result the wind attack. The total effect on volume of 

Merbau poles is 0.071, meaning that volume of Merbau poles will increase by 0.071 units if each environmental 

variable increased one unit. 

 Merbau poles volume negatively affect on volume of Merbau trees. However, the trees volume of other 

species has a positive effect on development of Merbau trees volume. If trees volume of other species increased 

by one unit, volume of Merbau will increase trees growth by 0.007 units while the volume of Merbau poles will 

reduce volume tree at 0.042 units. Allegedly in early phase of trees pole, Merbau tends to increase vertical 

growth, but an increase in size of diameter is not too large, adaptation against competitors to reach the area 

above the canopy that can absorb light optimally. When it has reached the top level, Merbau will increase the 

diameter or volume. Grime [8] explained that competition between plants will lead to a pressure situation 

between competitors and plant. It will create productive and non productive development, but both these 

circumstances are a natural strategy in order to survive. 

 Elevation and slope negatively affect on volume. The increase these two factors will reduce or inhibit the 

Merbau volume. Tree phase is the climax phase in population of Merbau.  It means that volume increase is 

happened because trees no longer need the biological availability of physical factors of habitat. The tosstal effect 

of environmental variables on volume of standing Merbau is -0.035. It means tree volume will be reduced 0.035 
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of potential growth if an environmental factor increases one unit. 

 Location of Gunung Meja NTP is in high altitude. It because wind can blow without barrier from different 

directions, resulting large-sized plants can broke very easily. This situation is a common phenomenon in 

Gunung Meja NTP. The Environmental factors affect inversely on phase of Merbau. In the model, r strategy is 

main tools to keep the seed and sapling population because ability of adaptation, tall size, volume, area crown, 

roots length to maintain population. The decline of environmental factors effects are defined as a reduction in 

dependence on environmental factors each increase in phase because of Merbau has been able to compete, adapt 

and become independent and dominant species that have a large effect on ecological environment. But, in order 

create regeneration and mature it needs support to achieve greater environmental factor than the parent trees. 

Transition phase is dynamic process of population due to environmental effects and strategy to exist in Gunung 

Meja NTP. Therefore, a critical phase in population of Merbau is the germination phase until the seedling size 

in diameter <1 cm. 

 

Conclusions: 

 Structural equation model of Merbau population in Gunung Meja NTP is acceptable because it fit with a 

value of RMSEA=0.063, GFI = 0.921, CMIN/DF = 1.641, 64 degrees of freedom, and lambda value (λ) of eight 

manifest variables used > 0.5. If environment variable increases one unit, these will increase the population of 

Merbau seedlings of 0405 units, sapling of 0.213 unit, pole of 0.071 unit and threes volume are reduced or 

stunted at 0.035 units. 
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