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ABSTRACT  The tropical rainforest has a high level of biodiversity and plays an important role as a stable ecosystem. However, 
an anthropogenic disturbance took place in some parts of the tropical rainforest. The recovery of the disturbed forest is less scien-
tifically understood. Therefore, this study aims to examine the recuperation process of vegetation in Fef, Tambrauw Regency, and 
West Papua, in Indonesia by comparing the composition of primary forest life forms as control of the natural, five-year disturbed, and 
seven-year disturbed forest. The results showed that the species diversity in the primary forest was not significantly different from 
the seven-year disturbed forest while the five-year disturbed forest was significantly different from the two types mentioned earlier. 
Moreover, the similarity index showed that the primary and seven-year disturbed forest were identical and both were different from 
the five-year disturbed forest. In addition, eight life forms were enumerated, viz. bamboo, climber, fern, herb, rattan, shrub, small 
tree, and large tree in which they were dynamic during the post-disturbance compared to primary forest. The residual forests should 
therefore be part of the intention of local people and government, in other not to exploit the forests by allowing the disturbed forests 
to recuperate naturally.

KEYWORDS: Cluster Dendrogram, Shannon-Wiener index, Pielou’s evenness, New Guinea.
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Introduction

The tropical rainforest is one-third of the world’s 
surface area, and comprises of high biodiversity, in-
cluding vegetation (Budiharta et al. 2014, Pan et al. 
2013) which has various species, such as taxonomic 
diversity, functional traits, and life forms (Dezzot-
ti et al. 2019, Murdjoko et al. 2016). The variations 
in vegetation are a response to the environment, 
which has morphological characteristics (Sanchez 
et al. 2013, Webb 1959). Furthermore, the major 
driving factors of the variation are the competition 
for light and nutrients in the soil (Chaturvedi et al. 
2017, Lozada et al. 2012). The vegetation shows the 
competition as interaction, resulting in the variation 
of vertical structure, taxonomic composition, densi-
ty, and presence in the forest (Laughlin and Abella 
2007, Murdjoko et al. 2020, Picard 2019, Zangaro et 
al. 2016).

The tropical rainforest has long been formed 
since primary forests were not affected by anthro-
pogenic activities (Berry et al. 2010, Yamada et al. 
2013). With this, this forest ecologically has reached 
the climax phase. Furthermore, the successional 
process is dynamic since there is a factor that alters 
the climax phase such as disturbance, fire, disas-
ter, and climatic factors that change the structure, 
taxonomic diversity, as well as ecological factors. 

Thereafter, the forest vegetation recovers itself and 
it requires time depending on the magnitude of al-
teration (Martínez-Ramos et al. 2018, Martins et al. 
2015, Whitfeld et al. 2014).

The Bird’s Head Peninsula of Papua has more 
than 80% area as a natural forest in which the vari-
ation of tree species is distributed across (Fatem et 
al. 2020, Robiansyah 2018), and some of them have 
been disturbed as logging, conversion, agriculture, 
and settlement. Furthermore, the vegetation varied, 
while few of the disturbed forest remains to regrow 
as forests (Kuswandi et al. 2015, Kuswandi and Mur-
djoko 2015). The Tambrauw District is located in 
this area and since it was one of the districts in West 
Papua Province, the development of infrastructure 
has consumed materials such as wood. Therefore, 
during the development especially in Fef (district 
capital of Tambrauw), the forest is used for sev-
eral years to meet the wood demand which leads 
to forest fragmentation. This condition has divided 
the forest into disturbed and undisturbed forests 
(Spracklen et al. 2015). Meanwhile, the disturbed 
forest did not receive specific treatment to recover 
and only allow the disturbed forest to recuperate 
naturally.

Therefore, the recovery process in disturbed 
forests was studied by comparing the species veg-
etation, life form, density, and distribution with the 
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primary forest. This study aims to investigate the 
vegetation dynamic post-disturbance in the tropical 
rainforest since the research related to forest recov-
ery in Papua Primary Forest is less known. Then, it 
was hypothetically assumed that the disturbed for-
est had a different composition of taxonomic diver-
sity and life forms compared to the primary forest 
as a result of the recovery process.

Materials and methods

Study Area
The research took place in the forest of Fef, 

Tambrauw Regency, West Papua, Indonesia, and 
the study area was geographically distributed from 
0°43’30.45”S to 0°53’46.45”S and from 132°16’40.70”E 
to 132°32’59.00”E for Latitude and Longitude, re-
spectively. Furthermore, the forest is characterized 
as a natural forest that was gazetted to be protect-
ed. The mean annual rainfall ranges from 2,200 to 
2,500 mm in a year, whereby the highest rainfall 
is 424 mm in December, while the lowest rainfall 
is 43.94 mm in July. Also, the humidity is between 
92.10% and 93.70% with an average of 83%, as well 
as a maximum, and minimum temperature of 33o 
C and 22.7o C respectively at an average of 27.3o C. 
The highest temperature is in October and the low-
est temperature is in July. The soil in this area is 
mainly classified according to Entisol, Inceptisol, 
and Ultisol (BappedaTambrauw 2015). In addition, 
the elevation of the area is about 450 m a.s.l. and 
surrounded by mountainous areas with an altitude 
ranging from around 800 m to 1,500 m a.s.l.. The area 
is closed to Fef, the capital of the Tambrauw Regen-
cy where the development is still being conducted 
to prepare the infrastructure facility. Therefore, the 
forest around this area is disturbed ecologically by 
taking the timber to meet the development process-
es. The intensity of timber extraction is unknown 
clearly. Thereafter, the disturbed forest is left to re-
cuperate naturally where the process took time in 
2012 and 2014 (Fig. 1).

Data collection
The forest was grouped into three types, namely 

primary forest (PF) as control of the natural forest, 
five-year disturbed forest (5yr) where timber ex-
traction was experienced in 2014, and seven-year 
disturbed forest (7yr) where timber extraction was 
performed in 2012. Then, the twenty plots were 
placed randomly in each forest type assuming that 
the plots were as representational data for each of 
these types. For primary forest plots, two locations 
of forests were taken to cover the condition (ten 
plots for each primary forest). The plot size (A) is 
20 m x 20 m for collecting vegetational data with a 
diameter of at least 20 cm within the plot, a subplot 
of 10 m x 10 m (B) to obtain data of vegetation with 
diameter less than 20 cm and larger than 10 cm, sub-
plot 5 m x 5 m (C) to obtain data of vegetation with 
stem diameter less than 10 cm and larger than 5 cm, 
as well as the height of at least 1.5 m and 2 m x 2 m 
(D) for vegetational data with diameter less than 
5 cm and the height less than 1.5 m.

Vegetation data were clustered into eight life 
forms, which include, bamboo, climber, fern, herb, 
rattan, shrub, small tree, and large tree. The upper 
story is vegetation from plots A and B, while the un-
derstory is vegetation from plots C and D. Further-
more, vegetation with a diameter of at least 5 cm 
was measured, and the number of individuals was 
counted in each plot. Each vegetation was identified 
taxonomically as species, genus and family, while 
unidentified vegetation was set as voucher spec-
imen, then sent it to the Herbarium Papuaense of 
“Balai Penelitian dan Pengembangan Lingkungan 
Hidup dan Kehutanan (BP2LHK) Manokwari” 
and Herbarium Manokwariense (MAN) Pusat Pe-
nelitian Keanekaragaman Hayati Universitas 
Papua (PPKH-UNIPA), Manokwari. The scientific 
names of vegetation followed The Plant List (TPL) 
(at the website: http://www.theplantlist.org/) and 
the conservation status is checked in The Interna-
tional Union for Conservation of Nature’s Red List 
of Threatened Species (at the website: https://www.
iucnredlist.org/).     

Figure 1 - Location of the research. Twenty plots were located in each five-year disturbed forest and seven-year disturbed forest while ten 
plots were located in each location of two primary forests (primary forest and primary Forest 2). In total, plots were 60. 
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Data Analysis
This was to examine the diversity of species 

among the three types of forest, the Shannon-Wiener 
index and the calculation is

(eq. 1)

where H’ is Shannon-Wiener index, p
i
 is number 

of samples where species i is present. The Pielou’s 
evenness was applied by using J = H’ / (ln (S) ) in 
which S is total number of species for each type of 
forest. One-way ANOVA analysis was performed in 
order to understand the differences in the diversity 
and evenness of each forest. Therefore, the calcula-
tions were implemented by using the Vegan package 
in R version 3.5.3. 

Taxonomic composition and family structure 
were analyzed by setting the proportion of density 
and the life form density was obtained by calculating 
the number of individuals per hectare (n ha-1). The 
important values index of species was also calculat-
ed to figure out the distribution of each species in 
terms of dominance. 

Furthermore, the index for plots of upper sto-
ry was determined by adding relative frequency, 
relative density, and relative dominance as IV

i
=R-

Fr
i
+RDe

i
+RDo

i
 where IV

i
 is the important value 

index of species i, RFr
i
 is the relative frequency 

of species i, RDe
i
 is the relative density of species 

i, and RDo
i 
is the relative dominance of species i. 

Meanwhile, the data index from plots of understory 
followed IV

i
=RFr

i
+RDe

i
.

Results

	 Taxonomic Diversity of Vegetation between 	
Primary Forest and Disturbed Forests
In all types of forest, 100 species were counted 

(Appendix 1) out of 81 genera and 54 families in to-
tal. Meanwhile, there is a tendency for the number 
of species, genera, and family number to increase 
in the primary forest, five-year disturbed forest, and 
seven-year disturbed forest, respectively (Tab. 1). 
The forest changed as a result of the disturbance 
and formed the different types of forest. Therefore, 
the disturbed forests differed from the primary for-
est based on the similarity index showing in the den-
drogram (Fig. 2). The forests were grouped as two 
major forests, namely primary forest and disturbed 
forests (5yr and 7yr) and the species diversity of life 
form showed the significant differences between the 
forest types (One-way ANOVA, F

2,43
= 4.596, P=0.016), 

but the species evenness in the types of the forest 
did not significantly show the differences (One-way 
ANOVA, F

2,43
=1.207, P=0.310). In addition, the spe-

cies diversity in the primary forest does not differ 
significantly from the seven-year disturbed forest 
while the five-year disturbed forest was significant-
ly different from the two types earlier mentioned 

(Tab. 1). However, the similarity index showed that 
the primary and seven-year disturbed forest were 
similar and both were different from the five-year 
disturbed forest (Fig. 2). 

The three forests showed differences in fam-
ily dominancy where five families as shown in 
Figure 3 obtain from the abundance of individu-
als for each family. Furthermore, the Whittaker 
plots showed the five most abundant families. The 
primary forest was dominated by the families of 
Dipterocarpaceae (28.61%), Lauraceae (13.88%), 
Sapindaceae (11.33%), Arecaceae (11.09%), and 
Gnetaceae (8.51%). The five-year disturbed forest 
was abundantly formed by Piperaceae (18,80%), 
Euphorbiaceae (16.19%), Malvaceae (11.86%), Po-
aceae (8.05%), and Phyllanthaceae (7.61%). In the 
seven-year disturbed forest, the families were domi-
nated by Moraceae (9.40%), Phyllanthaceae (8.66%), 
Rutaceae (7.57%), Zingiberaceae (7.40%), and Dip-
terocarpaceae (6.92%). 

The dominant species of three types of forest 
indicated the difference as the dynamic of species 
composition that compensated for the disturbance. 
Furthermore, the five-dominant species in each type 

Figure 2 - Cluster Dendrogram of primary forest (PF) as control 
of natural forest, five-year disturbed forest (5yr), and seven-year 
disturbed forest (7yr) based on similarity index.

Table 1 - Diversity (H’) and evenness (J) indices (mean ± SD), 
number of families, genus, species in primary forest (PF) as 
control of natural forest, five-year disturbed forest (5yr) and seven-
year disturbed forest (7yr).    

Variable PF 5yr 7yr
Shannon-Wiener 
index (H’)*

2.00±0.14 (b) 1.98±0.16 (a) 2.15±0.20 (b)

Pielou evenness 
index (J’)ns

0.77±0.04 0.80±0,04 0.81±0.06

Families 20 28 41
Genera 25 31 51
Species 29 37 65
*	 The significance of F values from the ANOVA is indicated: P < 0.05. 
ns	 The no significance of F values from the ANOVA is indicated: P > 0.05.
Different lowercase letters show the significant differences
SD stands for standard deviation
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Pimelodendron amboinicum Hassk. (27.45%), 
and Lithocarpus rufovillosus (Markgr.) Rehder 
(26.07%). The five-dominant species in the five-year 
disturbed forests were Microcos tomentosa Sm. 
(57.07%), Melicope elleryana (F. Muell.) T.G. Hart-
ley (46.44%), Glochidion sp (31.24%), Macaranga 
mappa (L.) Müll.Arg. (24.13%) and Ficus racemo-
sa L. (22.58%). In addition, the species of Microcos 
tomentosa Sm. (67.05%), Alphitonia macrocarpa 
Mansf. (41.14%), Piper aduncum L. (29.13%), Ficus 
racemosa L. (26.9%), and Macaranga tanarius (L.) 
Müll.Arg. (24.21%) grew mainly in the seven-year 
disturbed forest. In the three forest types, it was re-
ported that one species (Aglaia agglomerata Merr. 
& L.M.Perry) is Near Threatened (NT) in conserva-
tion status, while 27 species are Least Concern (LC), 
and the remaining species are not evaluated for the 
population in the natural forest.

Dynamic of Life forms Post-Disturbance 
We enumerated eight life forms in this research, 

viz. bamboo, climber, fern, herb, rattan, shrub, small 
tree, and large tree in which they were dynamic dur-
ing the post-disturbance compared with primary 
forest. The proportion of life forms was analyzed by 
taking into account the number of individuals per 
hectare (n ha-1). In terms of the number of individ-
uals, there are three trends of life form dynamics 

of forest and were divided into two, namely, under 
and upper story (Fig. 4). The dominant species were 
based on the importance value index (IVI), and the 
understory species in the primary forest were mainly 
dominated by Vatica papuana Dyer (23.46%), Gne-
tum gnemon L. (7.94%), Litsea irianensis Kosterm. 
(7.31%), Glochidion sp (7.12%), and Alpinia ocean-
ica Burkill (6.58%). Also, the five dominant species 
in five-year disturbed forest were Piper aduncum 
L. (28.94%), Microcos tomentosa Sm. (18.72%), 
Glochidion sp (17.12%), Paspalum conjugatum P.
J.Bergius (16.04%), and Merremia peltata (L.) Merr. 
(12.83%). The five major species in the seven-year 
disturbed forest were Glochidion sp (15.95%), Vat-
ica papuana Dyer (12.22%), Melicope elleryana (F. 
Muell.) T.G. Hartley (10.71%), Merremia peltata (L.) 
Merr.(9.44%), and Alpinia oceanica Burkill (8.49%). 
The upper story condition showed the difference 
in dominant species, while the five-leading species 
in the primary forest were Vatica papuana Dyer 
(97.82%), Gnetum gnemon L. (52.62%), Baccaurea 
racemosa (Reinw. ex Blume) Müll.Arg. (31.77%), 

Figure 4 - The important values index (IVI) of the abundant species 
of understory and upper story in primary forest (PF) as control 
of natural forest, five-year disturbed forest (5yr), and seven-year 
disturbed forest (7yr).

Figure 3 - Whittaker plots displaying the relative abundance (%) 
in the y-axis and the descending rank of abundant family in the 
x-axis for primary forest (PF) as control of natural forest, five-year 
disturbed forest (5yr), and seven-year disturbed forest (7yr).
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in these three forests (Fig. 5). The number of indi-
viduals of bamboo, fern, and shrub increased after 
disturbance while the rattan, small tree, and large 
tree decreased in the number of individuals post-dis-
turbance. Furthermore, the reduced number of large 
tree in the five-year disturbed forest was mainly as 
a result of the exploitation of forest since the poles 
and mature trees were harvested to meet the devel-
opment process. Meanwhile, in terms of the number 
of individuals, the climber and herb increased five 
years after disturbance but slightly decreased in 
seven years after disturbance. The drastic reduction 
in the disturbed forests was with the rattan and the 
small tree in which they suffered from the distur-
bance. On the contrary, there were life forms, viz. 
bamboo, fern, and shrub favored by the altered eco-
logical conditions after disturbance.

Discussion

The forest encompasses many families, genera, 
and species in each forest type (Murdjoko et al. 
2017, 2016). Therefore, the three forest types are 
characterized as tropical mixed forests, which har-
bor a wide range of vegetation diversity (Kuswandi 
et al. 2015). The research revealed that the dominan-
cy of families was altered in the remaining stands 
compared with the primary forest. In the remaining 
stands, some families take advantage of the ecolog-
ical change, in other to grow and dominate in dis-
turbed forests (Cleary and Eichhorn 2018, Rasingam 
and Parthasarathy 2009). For example, Piperaceae, 
Euphorbiaceae, and Poaceae consist of the species 
that include Paspalum conjugatum P.J.Bergius, 
Macaranga mappa (L.) Müll.Arg as fast-growing 
species, while Piper aduncum L. are known as pio-
neer species during the early successional process. 
Therefore, in the residual stand, the number of in-
dividuals in some families decreases, whereas, the 
number of individuals in some families grows abun-
dantly after disturbance depending on their mor-
pho-physio-phenological traits (Chazdon et al. 2010, 

Osazuwa-Peters et al. 2015). Thus, the hierarchical 
taxonomic ranks of families among forest types 
were different.

The composition of species between the un-
derstory and upper story showed the difference, 
especially in the dominant species, and this result-
ed from the change in the reduction of certain spe-
cies density. The exploitation of forests requires 
poles and mature trees with a decreased density, 
and the disturbance produces the space to grow 
for the remaining vegetation as a positive impact. 
Furthermore, the exploitation affects adversely 
certain species contributing to vegetation damage 
and mortality (Medjibe et al. 2013, Tanner et al. 
2014). Meanwhile, specific species survive during 
the disturbance process, since this condition stim-
ulates the competition among species of different 
life forms to grow as a response to the alteration 
of vegetation density (Ishihara et al. 2016, Laurans 
et al. 2014, Schnitzer and Bongers 2002, Zangaro et 
al. 2016). The individual number of species between 
the upper story interacts with one another and 
shows the influence of conspecific and heterospe-
cific associations (Johnson et al. 2017, Murdjoko et 
al. 2016, Zhu et al. 2015). In addition, the Allee effect 
was described as a possible determining factor dur-
ing the dynamic of species composition, since the 
density of species is dynamic over the time during 
post-disturbance in the tropical forest (Davis et al. 
2004, Stephens et al. 1999).   

The exploitation of forests resulted in the re-
duction of life form density, which affects the mi-
croclimatic change (Lippok et al. 2013, Magrach et 
al. 2014, Scheffknecht et al. 2010). For instance, the 
decrease in large trees increased space to grow for 
remaining vegetation. Furthermore, the canopy gap 
in disturbed forests is wider compared to the prima-
ry forest (Bohlman 2015, Quevedo-Rojas et al. 2016, 
Saiful and Latiff 2019). Therefore, the intensity of 
sunlight penetrates more in the extensive canopy 
gap (Angelini et al. 2015, Montgomery and Chazdon 
2001). Consequently, ecological indicators such as 
moisture, temperature, and space increase. In order 
to invest more on their growth, this situation ben-
efits life forms such as fern, herb, and climber to 
invest more in their growth (Montgomery and Chaz-
don 2001, Rüger et al. 2011, Vizcarra et al. 2017). 
Some species of fern, herb, and climbers such as 
Dicranopteris linearis, Alpinia oceanica, and Mer-
remia peltata, grow at a higher intensity of sunlight 
respectively, as the understory is a favorable condi-
tion for shrubs and herbs (Cámara-Leret et al. 2020, 
Lü and Tang 2010). Therefore, shrubs contributed to 
the increase of species in the disturbed forest par-
ticularly in seven-year disturbed forest, and the un-
derstory species often need more sunlight to grow 
as well. However, these species are outcompeted by 
the climber, fern, and herb in which the three life 
forms have the characteristic of fast-growing vegeta-

Figure 5 - Proportion (%) of lifeforms (bamboo, climber, fern, herb, 
rattan, shrub, small tree, and large tree) in primary forest (PF) as 
control of natural forest (PF), five-year disturbed forest (5yr), and 
seven-year disturbed forest (7yr).  
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tion (Chacón-Labella et al. 2014, Magrach et al. 2014, 
Muler et al. 2014, Rasingam and Parthasarathy 2009, 
Saldaña et al. 2014). 

	 Implementation of Ecological 
Understanding to Promote the Natural 		
Forest Recuperation
The disturbed forest showed the increase of the 

number of species from certain life forms indicating 
that some species are benefiting from the alteration 
of ecological conditions. Furthermore, the disturbed 
forests are the process of secondary succession, in 
which the species composition of life form changes 
(Farneda et al. 2018, Paz et al. 2016). The dynam-
ics of remaining forests indicate that the forests 
are naturally recuperating as part of the process of 
secondary succession (Piotto et al. 2019). Remain-
ing forest growth is described as the natural ability 
of the forest to reach the ecosystem equilibrium, in 
which there is ecological succession. Based on the 
severe disruption in the past, the remaining forests 
require a longer time to recover (Murdjoko 2013, 
Nichol et al. 2017, Rahman and Tsukamoto 2015). 
Therefore, the residual forests need to be part of the 
intention of local people and the government not to 
exploit the forests and allow the disturbed forests 
to recuperate naturally. Additionally, the silvicultur-
al treatments in the remaining forest are conducted 
to promote the growth and regeneration of forests 
such as liberation and liana cutting (Addo-Fordjour 
et al. 2014, de Avila et al. 2017, Pérez-Salicrup 2001).  
However, to carry out the silvicultural treatments, 
the stakeholders and local community need to be 
taken into a part. Thus, the research must be con-
tinued to observe empirically the ecological mecha-
nism up to the climax condition as the stable ecosys-
tem of tropical forest.
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