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Tropical rainforest changed in term of structure, composition and population, re-
sulting from logging. One of target trees during logging is Pometia. Our goals of
this research were to answer that (1) How were survival, growth, fecundity and
population growth rate (A) of Pometia within remnant stands?; (2) what were driving
factors to explain population dynamics of Pometia within logged forest?. Data were
derived from three hectares-permanent sample plot (PSP) in logged forest of PT
Tunas Timber Lestari. Integral Projection Models (IPMs) were applied to analyze
population dynamics. The study showed dynamically that probability of the indi-
viduals of Pometia survived in this area did not significantly differ among their size,
while stands showed the significant difference between small and large individuals.
The growth of both individuals of Pometia and stands varied significantly in differ-
ent size. The probability of fecundity both Pometia and stands were significantly dif-
ferent among size. The population of Pometia has been increasing for about a decade
as the population of all stands was growing as well. Moreover, the regular documen-
tation of species composition and structure before and after logging is necessary as
a control of biodiversity. Therefore, a proper protocol to monitor the biodiversity
should be designed by government and disseminated it to logging companies.
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INTRODUCTION

Tropical rainforest can be seen as a suc-
cession mechanism in which, at a certain point,
equilibrium is reached when species composition
is stable and highly adapted to a certain environ-
ment (Bunyan et al., 2015; Corlett, 2016). The
tropical rain forest at the equilibrium stage means
that the forest is categorized as primary forest.
However, the forest will change in term of com-
position and structure as result of disturbances,
which are mainly due to anthropogenic factors.
Then, the forest will recuperate and this dynamic
of the forest is referred to the tropical secondary
forest (Castro-Luna et al., 2011).

The southern part of Papua is a lowland
tropical rainforest and some parts of them have
been experiencing logging for about over the past
decades (Kuswandi & Murdjoko, 2015; Kuswan-
di, 2014; Murdjoko, 2013). Hence, this leads to
alterations of floristic composition, structure as
well as the growth of vegetation in logged for-
est as a response to logging impact (de Avila et
al., 2015; Sandor & Chazdon, 2014). Moreover,
the structural change of forest is an impact on
dynamic processes such as mortality, growth,
recruitment as well as fecundity. Consequently,
population growth rate of logged forest would
also alter, since ecological condition changed (Lu
et al., 2015). Study of population growth rate can
be focused on either total stands regardless spe-
cies or certain species.

Species of Pometia are present widely in
Papua (Kuswandi et al., 2015), but less is still
known related to population and its re-growth in
the forest. Thus, this study took species of genus
of Pometia that are growing in logged forest and
those species are the target during selective log-
ging. As a result, the growth of remnant trees of
those species altered post-selective logging for-
est. Dynamic trees of Pometia involve mortality,
growth, fecundity and recruitment of these trees
over the time as dynamic variables. The dynamics
are not similar for each period and influenced by
ecological change. The change of dynamic trees
results from the change in the variables over the
time. Consequently, structure and distribution of
Pometia trees will vary as well. The alteration of
growth of Pometia trees is actually slow during
a short time. Fortunately, new tools of dynamic
analysis have been developed, one of which is in-
tegral projection model (IPM). This tool can de-
tect population growth rate for long-term growth
(Zuidema et al., 2009; Zuidema et al., 2010) as
an indicator of how tree dynamic behaves to the
alteration of the condition of tropical rainforest.

For that reason, to what extent the Pometia trees
influenced by selective logging is, therefore, inter-
esting to be investigated.

Here we designed the goals of this research
to answer some questions that (1) How were sur-
vival, growth, fecundity and population growth
rate (A) of Pometia within remnant stands?; (2)
what were driving factors to explain population
dynamics of Pometia within logged forest?.

METHODS

Research was conducted in permanent
sample plot (PSP) where this is a selectively
logged forest and assumed as representative of
post-logging in alluvial-lowland forest. Geo-
graphical position is 140° 21° 00” — 140° 59" 00”
E and 05° 50" 50” — 06° 42" 00” S. This belongs
to concession area of PT Tunas Timber Lestari.
This logged tropical rainforest is characterized
by annual average rainfall ranging from 3.000
to 4.000 mm, daily moisture between 75 and 85
per cent. Most of the soil is from alluvial pro-
cesses (Petocz, 1989). Trees in this logged forest
were dominated by families of Dipterocarpaceae,
Lauraceae and Myrtaceae (Gandhi & Mitlohner,
2014). Species of Vatica rassak and Syzygium sp.
were mostly dominated as small and large trees in
logged forest (Kuswandi et al., 2015).

Species are focused on genus of Pometia
where some species have been taxonomically
named. Therefore, they only use “sp” for a ge-
nus of Pometia. One species has been identified
as Pometia pinnata J.R. Forst& G. Forst and be-
longs to Sapindaceae (soapberry family). Subfam-
ily is Nepheliae (tribe). This tree grows widely in
Asia-Pacific region. Distribution of the species is
dominantly in lowland subtropical and tropical
area from around 14°N to 20°S. Pometia is native
to Borneo (forma acuminate, f. glabra and f. alni-
folia, plus other paramorphs), eastern Indonesia
(forma cuspidate and f. pinnata), India (probably f.
glabra and f. tomentosa), Laos, Papua New Guinea
(f. pisiata, £. glabra and f. repanda), Malaysia, Pap-
ua, South Cina (f. tomentosa), south pacific, south-
ern Thailand, Sri Lanka Taiwan and Vietnam. In
Papua, Pometia is called kalasina, kablauw, iwa
(Sentani language). Orwa, Mutua, Kindt, Jamna-
dass, & Anthony (2009) mentioned 8 forms of Po-
metia pinnata JR. Forst& G. Forst namely forma
pinnata (synonym: P. coriacea Radlk. 1913); f. acu-
minata (Hook.f.) Jacobs’s synonyms: Pacuminata
(Hook.f.) Radlk. 1877, Pannamica Gagn. (1947);
f. alnifolia (Blume) Jacobs (synonym: P. alnifo-
lia (Blume) Radlk. 1877); f. cuspidata (Blume)
Jacobs; f. glabra (Blume) Jacobs (synonym: P.
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pinnata var. javanica Koord. & Valeton, 1903); f.
macrocarpa (Kurz) Jacobs (synonym: P. macro-
carpaKurz, 1875); f. repandra Jacobs; f. tomentosa
(Blume) Jacobs (synonym: P. tomentosa (Blume)
Teijsm. & Binnend. (1866).Pometia generally
grow as dominant tree in which trees are very
abundant and canopy emergent over other tree
species. Associated plant species of this species
mainly take place in evergreen or occasionally de-
ciduous closed forest and secondary forest. Name
of species that strongly associate with Pometia can
be seen in Thomson & Thaman (2006). Climatic
condition from warm to hot, humid, subtropical
and tropical are proper to Pometia. Then, distri-
bution of Pometia is from elevation 0 — 1700 m
a.s.l. while mean annual rainfall is 1500 — 5000
mm. Pometia has a wide edaphic range especially
better-drained sites while acidity should be from
pH 4.0 - 8.0 (Orwa et al., 2009; Thomson & Tha-
man, 2006).

To meet the requirements of population
dynamic analysis, periodic data were collected
in PSP in which size of PSP is three hectares
distributed in selectively logged forest. The data
contained measurement in previous time (T
and current time (T)) as a period for each tree
species or individuals in this area as remnant
stands including Pometia. Information from PSP
was mortality described as number of trees die
in T, were documented; growth described as dif-
ference of diameter at T, and T; fecundity de-
fined as number of new individuals enter trees at
T, The minimum diameter was 10 cm. The PSP
were established just one year after logging which
was in 2015. Then, data were measured annually
between May and July. Therefore, the data com-
prise 10 year-measurement that consisted of nine
periods.

Basal area (BA) of Pometia and stands was
computed as BA=YD? x 0.7854, where BA, is
basal area (m?) of tree species 7, D,is diameter
(m) of tree species [ and 0.7854 is n/4. Then, the
basal area was set in a hectare (m?ha’!). Density
was computed as number of individual per hect-
are (ind. ha'). Those variables will be calculated
using logistic regression to obtain probability of
individual tree dies over time. The survival is that
one is subtracted by the probability of mortality.
Then, the logistic regression is expressed as fol-
lows [Y/((1-Y) )]=a+bDBH, where Y is probabil-
ity of mortality or recruitment of individual tree,
a is intercept, b is coefficient of regression and
DBH is individual in diameter at breast height
(m). After getting the equation, then we will cal-
culate the predicted probability of mortality or re-
cruitment of species in each DBH by applying the

back transformation. Then, Y can be determined
as Y=e™(a+bDBH)/(1-e"(a+bDBH) ). Number
of new individuals that enter tree forest was cal-
culated by making equation between fecundity
and parent tree in certain DBH. Then, relation-
ship was expressed mathematically using equa-
tion as y=f(Ptr), where is predicted value of fe-
cundity and Ptris parent tree. The equations were
tested using either linear or nonlinear regression.
Significant equation and the highest value of R?, g
were used to determine the best equation of fe-
cundity. Difference of DBH (ADBH) between T,
and T can be used to define growth of individual
tree. Then, the growth was estimated by correlat-
ing ADBH with individual as ADBH=f(DBH),
where ADBH is growth of individual tree, DBH is
individual in diameter at breast height (m) and f
is function of relationship. Data of PSP consisted
of annual information of recruitment, growth,
mortality of Pometia. Data of other trees growing
along with Pometia were also taken into account
to compare how dynamic of other trees impact
on dynamic of Pometia trees. Then, those set in
model as state variables and then dynamic model
were run using those variables over time. The
IPMs are suitable to explain long-term growth of
trees (M. Rees & Ellner, 2009; Mark Rees, Childs,
& Ellner, 2014; Mark Rees & Ellner, 2016; Zuide-
ma et al., 2010). Then, procedure of IPM was
completed by means of an application on pub-
lications (Merow et al., 2014; M. Rees & Ellner,
2009).Then, population growth rate (A) was de-
rived from the computation to explain contribu-
tion to A of individual based on size distribution
(Ellner & Rees, 2006). If A>1 meaning that popu-
lation is increasing or vice versa (Ma et al., 2016).
Data was analyzed by using R statistical program
version 3.1.2. (R Development Core Team, 2005)
and we used codes from IPMpack package (Met-
calf et al., 2013).

RESULTS AND DISCUSSION

Population dynamics of Pometia during post-
selective logging

Firstly, we present intercepts and slopes of
equations of survival, growth and fecundity of
each individual of Pometia (Table 1). Based on
the equations of survival, trees that survived after
logging mostly did not count on tree size except
for the first period. Afterward, the survival func-
tion showed a statistical insignificance between
tree sizes (DBH) and survived trees in logged for-
est. Hence, individuals of trees in the forest af-
ter logging had an equal probability to survive.
In contrast, results of growth equations showed
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significantly relationship between tree size and
growth, suggesting that the growth of each in-
dividual of tree was not similar among different
size of trees (DBH).From the growth functions,
the results revealed that the growth of individual
tree decreased exponentially with increasing tree
size. For a number of new individuals, not all
equations were significant between tree size espe-
cially large trees assumed as putative parent trees
and number of fecundity. The significant equa-
tion was only sixth period where intercept and
slope have P<0.05.Thus, generally the number of
fecundity was not an effect of a number of large
trees.

Secondly, most of the equations derived
from regression analysis of stands were signi-
ficant (P<0.05) for survival function, growth
function as well as fecundity function for each
period (Table 2). For survival equations, only in
fifth period after logging the slope was not signi-
ficant while for growth and fecundity equations
the insignificant slope function were in first and
last period after logging; third, seventh and eighth
period after logging respectively. Results of those
equations suggested that probability of tree mor-
tality varied among tree size (DBH). Similarly,
the growth of individuals of stands showed an

exponential increase over the time. Moreover, a
number of new individuals of stands counted on
large trees assumed as putative parent trees, sin-
ce the equations were significant. The number of
new individuals would increase due to the presen-
ce of putative parent trees.

Pattern of mortality of stands differed
from Pometia in which the stand mortality fluc-
tuated over the period after logging and most of
the time below four per cent. Mortality of Pometia
from first period to seventh period were zero and
in eighth period the mortality of Pometia rose dra-
matically by about 11 per cent then dropped by
zero per cent in last period (Figure 1). There were
no significant correlations between mortality of
stands and Pometia (P>0.05).

A number of new individuals of stands dif-
fered from Pometia in the first period after logging
where fecundity of Pometia accounted for about
30 per cent of a total number of individuals,
whereas fecundity of stands was about 5 per cent
of total individuals. After the third period of post-
logging, the shape of both mortalities fluctuated
from zero to about 10 per cent (Figure 2). Neither
mortality of stands nor mortality of Pometia in-
fluenced each other in logged forest.

Table 1. Coefficients (intercepts and slopes) of survival function, growth function and fecundity func-
tion of Pometia. The Significant codes are that * = P<0.05, **=P<0.01 and ns =not significant or

P>0.05.
. . survival function growth function fecundity function
period Coefficients - - -
estimate estimate estimate
tl intercept -4.66E+00 -~ 1.045 ** 0.063 ns
slope 7.48E-02 0.997 " 0.003 os
t2 intercept 2.46E+01 ™ 1.479 " 0.173 i
slope 1.92E-11 = 0.980 " -0.002 os
t3 intercept 2.46E+01 1.782 " 0.414 ns
slope 1.37E-11 = 0.978 " -0.006 0
t4 intercept 2.46E+01 1.431 " 0.147 .
slope -2.44E-08 = 0.984 " -0.002 us
t5 intercept 2.46E+01 ™ 1.330 " 0.166 as
slope -2.51E-11 = 0.989 " 0.000 os
t6 intercept 2.46E+01 = 1.045 " -4.571 :
slope 3.19E-11 = 0.997 " 0.074 i
t7 intercept 2.56E+01 = 0.704 " 0.063 os
slope 5.36E-11 = 0.999 - 0.003 ns
t8 intercept 1.98E+00 -~ 0.799 - 0.275 i
slope 1.98E-02 = 0.996 - -0.005 ns
t9 intercept 2.56E+01 = 0.791 " 0.346 i
slope -1.06E-11 = 0.995 " -0.005 ns
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Figure 1. Mortality of Pometia (dashed line) and
stands (solid line) over the period of post-logging
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Figure 2. Fecundity of Pometia (dashed line) and
stands (solid line) over the period of post-logging.

Growth of both stands and Pometia can be

observed by means of the change of basal area
and stem density over the periods of post-logging
(Table 3 and 4). Apparently, there are the trend
that the basal area of stands and Pometia has
been gradually growing for 10 years after logging.
However, the stem density of stands declined by
about 0.7 m?ha’! in 2012 and increased by about
three m?ha’!, while the basal area of stands re-
mained growing.

The relationship between basal area of
stands and Pometia showed a significance (P<0.05)
in which both had positive association (R?=0.98)
where 98 percent variation of basal area of Pome-
tia 1s explained by basal area of stands. Intercept
of regression was not significant (P=0.06), then
eliminated from equation (Figure 4).

Stem density of stands and Pometia showed
a positive correlation, since the coefficient of de-
termination (R?) is 0.91 in which about 90 per
cent variation of stem density of Pometia results
from the variation of stand stem density. Besides
that, equation of linear regression had a signifi-
cance (P<0.05), but the intercept did not show
a significance (P=0.86). Therefore, the equation
can be expressed as y=0.0072x, where x is stem
density of stands and y is stem density of Pometia
(Figure 3).

Table 2. Coefficients (intercepts and slopes) of survival function, growth function and fecundity
function of stands. Significant codes are that * = P<0.05, **=P<0.01 and ns =not significant or

P>0.05.
. . survival function growth function fecundity function
period Coefficients - - -
estimate estimate estimate
tl intercept 0.437 - 0.126 * -5.313 -
slope 1.001 - -0.001 ns 0.069 -
t2  intercept 4.517 ** 0.552 ” -5.439 "
slope -0.022 ” 0.997 - 0.079 ”
t3  intercept 4.306 ** 0.718 ” 0.284 **
slope -0.019 ” 1.000 - -0.002 s
t4  intercept 5.007 ** 0.673 ” 0.343 **
slope -0.016 " 0.996 ” -0.005 "
t5  intercept 4.341 " 0.743 ” 0.460 "
slope 0.007 ns 0.995 ” -0.007 "
t6  intercept 4.169 . 0.738 ” 0.498 "
slope -0.022 " 0.999 ” -0.007 "
t7  intercept 4.106 " 0.417 ” 0.254 "
slope -0.009 " 1.005 ” -0.001 ns
t8  intercept 2.857 ” 0.562 ” 0.349 **
slope 0.028 ** 1.000 - -0.003 s
t9  intercept 0.417 " 0.195 ” -5.446 **
slope 1.003 ** 0.002 ns 0.076 **
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Table 3. Mean and standard deviation [X%(SD)] of change of basal area (m*ha!) and stem density (ind.

ha!) of stands during period of post-logging

time after logging

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
‘:3221 2117 2191 2241 2346 2468 2579 2664 2711 2777 2877
ey (552 (544 541) (537 523) (510) 478) 443) (394 (3.59)
Jem 45400 468.67 489.00 531.67 588.00 613.00 646.33 64567 648.67 670.00
(mdh;_yl) (54.9) (44.6) (33.4) (31.6) (24.6) (23.1) (22.5) (17.5) (185) (25.2)

Table 4. Mean and standard deviation [¥(SD)] of change of basal area (m?ha) and stem density (ind.

ha') of Pometia during period of post-logging

time after logging

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

basal area (m’ha”) 033 034 035 037 038 039 041 043 042 044
(0.47) (0.47) (0.47) (0.48) (0.48) (0.50) (0.52) (0.53) (0.55) (0.57)

stem density 3.00 3.67 3.67 400 4.00 433 467 467 467 5.00

(ind. ha')

(1.73) (1.15) (1.15) (1.73) (1.73) (2.31) (2.08) (2.08) (2.08) (2.65)

0.5

0.4
0.4

0.3

)

0.3

02
y=0.0154x
02 Re=0.9824

0.1

Basal area of Pometia (m2.ha-1

0.1

20 22 24 26 28 30
Basal area of stands (m2.ha-1)

Figure 3. Relationship between basal area of
stands (x) and Pometia (y) using linear regression
and coefficient of determination (R?).
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4.00 [J L]

3.00 [ ]

2.00
v=0.0072x

1.00 R2=0.9126

Stem density of Pometia (ind.ha-1)

400 450 500 550 600 650 700
Stem density of stands (ind.ha-1)

Figure 4. Relationship between stem density of
stands (x) and Pometia (y) using linear regression
and coefficient of determination (R?).

Population growth rate (A) of Pometia within
logged forest

In general, population growth rate (A) of
both stands and Pometia have been growing for 10
years after selective logging in which the popula-

tion growth rate of them was above one over the
time (Figure 5 and 6). We applied power function
to fit the population growth rate of stands and
Pometia. Moreover, there are trends that popula-
tion growth rate of stands and Pometia fluctuated
during post-selective logging. There was a decline
of population growth rate of stands in the begin-
ning of post-selective logging where the popula-
tion growth rate dropped from about four in the
first period to about two in the third period. Af-
terward, there is a tendency that the increase of
population growth rate occurred up to last period
and the highest value of population growth rate
of stands was reached in the last period (Figure
5).

y =-0.0012x* +0.0426x° - 0.5603x* + 3.4676x° - 10.036x” + 11.599x
R?=0.6209

Lo L S S N Y

Population growth rate of stands (hs)

0 1 2 3 4 5 6 7 8 9 10
Period after logging

Figure 5. Population growth rate (A) of stands for
the period of post-selective logging

In the population growth rate of Pome-
tia, there is a parabolic pattern between the first
period and fifth period in which the population
growth rate climbed from about one to about
six in the second and third period. That was the
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highest value of the population growth rate of
Pometia. At a later time, the population growth
rate reached the lowest value in the fifth and sixth
period where the value was about two, then grew
gradually up to last period (Figure 6).

¥ =0.0027x° - 0.0802x +0.8837x" - 4.4028x> +9.0725x* - 3.8031x
R?=10.7293

Population growth rate of Pometia (kp)
o = W oW oA w o u

Period after logeing
Figure 6. Population growth rate (A) of Pometia
for the period of post-selective logging.

Relationship between population growth rate
of Pometia and remnant stands

With respect to the relationship between
population growth rate of stands and Pometia,
we were able to correlate both of the population
growth rates by means of logistic equation. The
relationship can be described mathematically as
y = -3.427In(x) + 7.9461, where y denotes popu-
lation growth rate of Pometia and x is a symbol
of population growth rate of stands. The logistic
equation was significance (P<0.05) and the sig-
nificant correlation can be seen from the coeffi-
cient of determination (R?), showing that about
63 percent of Pometia population growth rate is
associated with stand population growth rate.
Both population growth rate showed a tendency
in which the population growth rate of Pometia
decreased logistically natural with declining pop-
ulation growth rate of stands (Figure 7). Howev-
er, the population generally increased as the value
of both population growth rate were above one.

a

<

& 7 .

ko]

E 6

o

o

2 5

-]

g 4 : . .
5 3 "

5h

=

22 y=-3.427In(x)+7.9461 .
g R? = 0.6301

a1 .
o

o

1 2 3 4 5 6
population growth rate of stands (is)

Figure 7. Relationship between population

growth rate (A) of stands (x) and Pometia (y) for
the period of post-selective logging

Driving factors on alteration of population of
Pometia versus remnant stands in selectively
logged forest

This study demonstrates that population
structures of Pometia were dynamic after logging.
It can be seen from the fluctuation of its popula-
tion growth (Figure 6). The general pattern of the
population was growing, since the value of the
population of growth rate (A) above one (Lima
et al., 2016). Similarly, the population of stands
in post-selective logging was rising despite the
fact that a gradual decline was in the beginning
after logging. Those fluctuations of population
growth rate resulted possibly from the gap of
the canopy by logging (Fayolle et al., 2014; Kus-
wandi & Murdjoko, 2015). This condition can
trigger all vegetation to compete each other in
order to get sunlight (Win et al., 2012). Since for-
est was fragmented, the sunlight and space would
be more available. Hence, tree species, which are
as light-demanding species, would grow rapidly
as they get more sunlight and vise versa (Huang
et al., 2015).In some conditions, gaps were quite
big and the sunlight can reach forest floor (Mes-
quita et al., 2015). Consequently, trees in particu-
lar small individuals require more sunlight after
they germinated as early seedling establishment
(Adili et al., 2013; Kunstler et al., 2016; Mutiso et
al., 2013). Thus, the stands probably grew abun-
dantly triggering fecundity of stands tended to
ascend just after logging. Consequently, individu-
als of Pometia were suppressed in the beginning
of post-selective logging period (Figure 3). Then,
large trees as putative parent trees continued to
supply seeds in this logged forest. That is one of
the advantages of selective cutting in the tropical
forest in which remnant trees can play a crucial
role as seed supplier (de Avila et al., 2015; Sandor
& Chazdon, 2014; Seidler & Plotkin, 2006).

In contrast, the mortality rate of Pometia
was relatively zero after the logging except in the
eighth period, indicating that residual trees of Po-
metia were not affected by logging. Besides that,
the probability of survived individuals of Pometia
did not differ across size of the individuals (Table
1). Those individuals have shown their ability to
outcompete among all individuals. The parabolic
pattern of population growth rate of Pometia was
presumably because of a number of fecundity. In
this logged forest, seeds were produced by large
trees, but not all seeds germinate during early
seedling establishment stage. Moreover, this stage
was very vulnerable to be dying or dead, leading
to the decrease of fecundity (Adili et al., 2013). In
logged forest, not only trees compete and interact
each other, but other vegetation from other life-
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forms also share and compete as symbiotic pro-
cesses (Murdjoko et al., 2016). Thus, the number
of new individuals entering into population var-
ied over the periods of post-selective logging. Fur-
thermore, the growth of residual trees of Pometia
significantly contributed (Table 1) to its popula-
tion growth rate as the residual trees grew rap-
idly resulting from receiving more sunlight and
space. Then, the individuals of Pometia could take
advances of gap condition in logged forest. As a
consequence, they reached to the large size of in-
dividuals in short time. Therefore, this resulted in
an increase of population growth rate of Pometia.

Not only residual trees of Pometia, but also
the other stands growing along whether as the
competitor or as facilitator influenced the growth
of Pometia population. In this logged forest, Pomne-
tia was not as the most dominant trees (Kuswandi
etal., 2015). At the same time, population growth
rate of stands also rose, suggesting that in general
population of trees after logging has been grow-
ing for about a decade (both A>one, Figure 5 and
6). This is in line with previous research for other
species in this area that after selective logging e.g.
Vatica rassak, Syzygium sp., Litsea timoriana and
Canarium asperum (Kuswandi & Murdjoko, 2015)
were growing as well. In contrast, previous re-
search showed that some tree species like Actinod-
aphne nitida and Blumeodendron sp did not show a
rapid growth, even though there was an optimis-
tic prediction that those species would recuperate
from damage by logging (Murdjoko, 2013).

In this research, we here analyzed the re-
lationship between the growth of Pometia and
stands by means of non-linear regression (Fig-
ure 7). In the early stage of post-selective log-
ging, both population growth rate of Pometia and
stands were higher than in the late stage of post-
selective logging. Then, their population growth
rate in advance would logistically decrease and
predictably remain constant with their value
equal to about one. This condition would be in
the dynamic equilibrium stage of forest (Lima et
al., 2016; Ma et al., 2016).

Implications for ecological forest management

The results of this study contribute to the
management of logged forest for Pometia and
stands. The logged forest in this area is not the re-
planted forest. However, remnant trees can play
a crucial role as putative parent trees in which
they produce new individuals by seeds. During
post-selective logging, Pometia, as an example of
tree species in this forest, could survive and the
population does grow. Hence, sustainability of
tree species can be maintained as long as selective

logging only harvest based on minimum cutting
diameter, then left tree species as seed producers.
Therefore, cruising timber before logging is im-
portant in order to control what tree species are
allowed to be cut. Moreover, there is a recommen-
dation for silvicultural system especially selective
logging that species composition and structure
pre-and post-logging in forest concession should
be taken into consideration.

CONCLUSIONS

This study showed dynamically an alterna-
tion of the population of Pometia in post-selective
logging during 10 years. The probability of the in-
dividuals of Pometia survived in this area did not
significantly differ among their size (DBH), while
stands showed the significant difference between
small and large individuals. The growth of both
individuals of Pometia and stands varied signi-
ficantly in different size (DBH). The number of
new individuals of Pometia and stands was main-
ly from larger individuals, which was assumed
as putative parent trees, since the probability of
fecundity of both Pometia and stands were signifi-
cantly different among size (DBH).

The population of Pometia has been increa-
sing for about a decade as the population of all
stands was growing as well, resulting from more
gap of the canopy. The presence of larger trees is
the crucial role as putative parent trees in which
the trees would supply new individuals by provi-
ding seeds. Therefore, documentation of species
composition and structure before and after log-
ging is necessary as a control of biodiversity.
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