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Abstract

The ability of local tree species (LTS) to produce seeds is an intrinsic factor that contributes to the success of forest restora-
tion efforts through a natural regeneration process. The aim of this study was to investigate the reproductive period of LTS in
order to estimate seed sources availability for the forest restoration process in the sub-montaneous forests. Twenty permanent
plots (20X 20 m) were identified at Mt. Masigit-Kareumbi. Observations regarding flowering and fruiting were conducted
on 399 individual LTS (78 species, 29 families) that had a diameter at breast height of more than 10 cm. This activity was
done every month: period I was from July 2015 to June 2016, and period II was from July 2016 to June 2017. The results
showed that the number of flowering—fruiting trees in period I was higher than it had been in period II. Peak flowering—fruit-
ing occurred in period I (30.1% of the total individuals), and the lowest flowering—fruiting occurred in period II (10.5% of
total individuals). 242 individual trees (60.7%) in total, comprising 57 species (73.1%), were flowered—fruited. Most LTS
had short durations of reproductive phases. The shortest flowering duration was 0.1-0.8 months (61.7%), the shortest flower-
ing—fruiting duration was 0.1-0.5 months (80.0%), and the shortest fruiting duration was 0.1-1.0 months (59.4%). Flowers
and fruits or seeds were always available all year round. To support seed availability for forest restoration, the best time for

fruit or seed collection is December to January.
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Introduction

The rapid rate of land cover and land use change due to
anthropogenic activities on a global scale has led to ecosys-
tem degradation. The conversion of forest areas to differ-
ent types of land uses and land cover (such as farmland or
grassland) is generally associated with deforestation. From
1990 to 2015, the world’s forests reduced from 4128 mil-
lion ha in 1990-3999 million ha in 2015, a rate of loss of
5.2 million ha yr~! (Keenan et al. 2015). Compared with
other regions, deforestation in the tropics was the highest
(1966 million ha in 1990-1770 million ha in 2015), with
a loss rate of 7.8 million ha yr~!. Among the countries in
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the tropics, Indonesia dominates the loss of tropical forests
in Asia, about 684,000 ha yr'1 (Keenan et al. 2015). In the
highly populated island of Java, deforestation reached 1.38
million ha from 2000 to 2009, and West Java Province was
the highest at 596,743 ha (Nahib et al. 2015). A substantial
amount of deforestation in Java occurred in montane forests,
mainly due to forest encroachment by landless farmers. This
was studied by Gunawan and Subiandono (2014) on Mt.
Ciremai, by Kamilia and Nawiyanto (2015) on Mt. Lamon-
gan, and Sulistyawati et al. (2008) on Mt. Papandayan.

The reduction of rainforest cover around the world con-
tributes to the extensive loss of biodiversity and an increase
in carbon dioxide emissions—more than 12% (van der Werf
et al. 2009; Holl and Aide 2011). The existence and func-
tioning of tropical rainforest ecosystems are highly threat-
ened by a high rate of deforestation and forest degradation
globally because they lead to a decrease in forests’ capacity
to provide ecosystem services, such as decreasing biodiver-
sity, storing carbon, preventing soil erosion, and maintain-
ing habitat connectivity and soil nutrient dynamics (Corbin
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and Holl 2012). To restore biodiversity and ecosystem ser-
vices at their optimal level, recovery efforts through passive
as well as active restorations are required. Restoration is
a process that aims to assist in the recovery of degraded,
damaged, or destroyed ecosystems. It specifically aims to
form a diverse ecosystem that is relatively similar to that of
the closest undisturbed forest (Gann and Lamb 2006; Reis
et al. 2010).

Efforts to naturally restore degraded forests require
knowledge of the potential and characteristics of local tree
species (LTS) regeneration, including their seed supply at a
particular site. The preference for LTS in restoration activi-
ties is based on the assumption that genetically they have
adapted well to the condition of the restoration target site
(FORRU 2008) and that they are comprised of the natural
vegetation of that land prior to degradation. Forest regenera-
tion can be done vegetatively by using scions growing on the
stumps (coppice) that already have strong and established
root systems (FORRU 2008). Meanwhile, generative regen-
eration is possible when seed rain, seed bank, and seeds
from LTS are available. Wang et al. (2010) explained that
seed rain and seed banks provide important support to seed
quantity and composition, which are crucial in the regenera-
tion of vegetation.

The potential for the generative natural regeneration of
forests is related to the ability of LTS to produce fruits or
seeds. The availability of fruits or seeds in the forest can be
examined through phenological studies of LTS that grow
in the adjacent forest. According to Somasundaram and
Vijayan (2010), a phenological event can be divided into
two phases: vegetative and reproductive. The reproductive
phase includes the flowering and fruiting phases. These
phases are distinctive among regions as a result of different
altitudes and various climatic factors (rainfall, photoperiod,
radiation, and extreme weather). In a montane forest, for
example, the flowering and fruiting phenology of each area
differ (Gunter et al. 2008; Somasundaram and Vijayan 2010;
Zhang et al. 2010; Sulistyawati et al. 2012) and have been
found to have a strong correlation with rainfall and tem-
perature at the different direction of association (positive/
negative) among species (Kebede and Isotalo 2016). Other
studies report that changes in rainfall pattern affect the fruit-
ing phenology in Madagascar (Dunham et al. 2018). In a
tropical deciduous forest, drought conditions influence the
flowering phase by creating a strong association between the
flowering and vegetative phases in relation to the allocation
of photosynthates for the duration of the deciduous period
(Singh and Kushwaha 2006).

The study of phenological events can provide an over-
view of the flowering and fruiting periods at the commu-
nity and species level and of the appropriate time for col-
lecting seeds to support seedling production in nurseries.
It also supports the success of direct seeding programs that

form part of intensive forest restoration efforts (Somasund-
aram and Vijayan 2010; Cole et al. 2011; Sulistyawati
et al. 2012). The study of the phenological events of LTS
is critical to maintain the continuity of seed supply for for-
est restoration programs. The results of such a study can
contribute to specific steps of forest restoration, namely,
identifying the appropriate times for fruit or seed avail-
ability in the adjacent forest to the restoration target area,
the duration of the reproductive phases, and local factors
that affect the flowering—fruiting phase. With this infor-
mation, the appropriate times for fruit or seed collection
can be predicted (Elliott et al. 1994; Buisson et al. 2016).

Moreover, knowledge of the timing of flowering and
fruiting can also be useful to support the implementation
of the applied nucleation approach in forest restoration.
The critical factor in applied nucleation is the selection of
a combination of local tree species to be planted in nuclei.
Planting tree species that produce abundant seeds for a
long period can increase the chances of seeds dispersing to
the surrounding areas, thus accelerating natural regenera-
tion. Mohandass et al. (2016) found that species selection
for planting the open area can be highly important in the
proper management of shading, grazing, composting, weed
controlling, and regular watering. It can facilitate germina-
tion, regeneration, and the establishment of local tree spe-
cies. Furthermore, according to Osuri et al. (2017), limita-
tion of seed dispersal can alter the density and richness of
sapling natural regeneration at the community level.

Mount Masigit-Kareumbi Reserve (MKR) is a nature
conservation area situated in the lower montane forest eco-
system with an altitude range between 1000 and 1400 m
asl. MKR’s forest has been subject to deforestation. Even
though there is no official account of the deforestation rate
of MKR, the signs of forest encroachment by farmers was
noticeable in the field. This condition was widely observed
in other montane forests in Java (e.g. Mt. Lamongan, Mt.
Ciremai and Mt. Papandayan). Given the importance of
the forest ecosystem function provided by MKR, forest
restoration seems to be urgently required for restoring for-
est cover, protecting biodiversity, and restoring ecosystem
services to a certain level. This forest restoration program
must be supported by adequate knowledge of plant phenol-
ogy (FORRU 2006), i.e., the reproductive patterns of local
trees grown in MKR. The specific objectives of this study
were to: (1) determine the pattern of the flowering—fruit-
ing period; (2) determine the reproductive period among
individuals and species of LTS; (3) examine the durations
of the reproductive phases among species, and (4) examine
how the reproductive period is correlated with climatic
conditions. We hyphotesize that reproductive period of
LTS will vary among times, number of individuals and
number of species.
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Materials and methods
Study area

This study was conducted in the conservation zone of
MKR (6°51'31"-7°00"12"S and 107°50'30""-108°1'30"E),
located in Sumedang Regency. MKR is under the manage-
ment of the Natural Resources Conservation Bureau of
West Java Province. MKR covers an area of 12,420.70 ha,
with 64.41% of the MKR belonging to Sumedang
Regency and the remainder belonging to Garut and Band-
ung Regency (Fig. 1).

The part of MKR that was examined in this study is
located at a block that is locally known as Mt. Rengganis.
Our preliminary study revealed that the tree community at
Mt. Rengganis is dominated by a member of the follow-
ing families: Lauraceae, Moraceae, Fagaceae, Malvaceae,
Rubiaceae, and Phyllantaceae. Meanwhile, the dominant
trees include: saninten (Castanopsis argentea), kimin-
yak (Itea macrophylla), sobsi (Maesopsis eminii), puspa
(Schima wallichii), jaranak (Castanopsis accuminatis-
sima), tangogo (Lhitocarpus elegans), rasamala (Altingia
excelsa), and huru picung (Ostodes paniculata). Kileho
(Saurauia microphylla), which is an endemic flora of Java
Island and listed under the IUCN Red List of Threatened
Species 2016 (World Conservation Monitoring Center
1998) was also found.

—w=—>  WEST JAVA

. &
\N-—tv-
-
() , = TR
f—<L_e
) Orons :
o ha L o o
U J 4 Compnd (|

PROPINSI i éyl Prims s

BANTEN 1 AN )
y \ '°§" Mgty o Obwwan

[ RIS S e y
/ "". \ £ omen [ \EL 5 A
& AU 5 s T
- = wal =4, .
e S B e L [ Xm Al ~—
P e
ovunang | omee |° B Ty /
b J H
e [ *’ H, y 7
i

Flowering—fruiting period

The study was conducted at 1000-1300 m asl. Observation
plots (20x 20 m) were set following Sutherland (2006) at
every 100m interval of altitude, purposively. Twenty plots
in total were set across all study sites (Fig. 2). Each observa-
tion plot was required to comply with the following crite-
ria: it should be covered by natural vegetation (not planted),
should be accessible, should have at least five species of
trees present inside the plot, and should not be prone to land-
slides. To minimize human interference, the location of each
plot was expected to be moderately accessible (based on
topographic conditions). Individual trees in an observation
plot were selected based on their diameter at breast height
(dbh). Trees with a dbh of more than 10 cm were assumed to
have entered the reproductive phase. Each selected tree was
numbered so that it could be identified, so that it could be
identified. When the number of tree species in a prospective
plot was less than five, the location of the plot was moved to
another spot at the same altitude.

For each plot, the reproductive phases (flowering, flow-
ering—fruiting, and fruiting) were observed, following
Somasundaram and Vijayan (2010) with some modifications.
Observations were conducted by recording the presence of
flowers (Flo), flowers and fruits (Flo—Fru), and fruits (Fru)
of LTS every month simultaneously during two time periods.
Period I was from July 2015 to June 2016 and period II was
from July 2016 to June 2017. The duration of the reproduc-
tive phase for each LTS was calculated according to the sta-
tus of each reproductive stage in every observation (Elliott
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Fig.1 The study area in West Java Province, Sumedang District. a West Java Province: blue rectangles represent Bandung, Garut, and Sumed-
ang Regency; b Mount Masigit-Kareumbi Reserve: red circle is study area, Resort Kareumbi Timur in Sumedang District
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Fig.2 Observations plots in Mount Masigit-Kareumbi Reserve (MKR)

et al. 1994). For the analysis of the reproductive phase dura-
tion, only tree species with at least three individuals were
included. Furthermore, the duration of each reproductive
phase was clustered in several classes of frequency distri-
bution following the Sturge rule (Kumar and Chaudhary
2010). Data on climatic conditions was obtained from the
nearest weather station at Cimalaka Sumedang District. The
correlation between the climatic variables and reproductive
phases of the LTS was analyzed by Pearson’s correlation
using Minitab16.

Results
Flowering—fruiting pattern of LTS

During the observation periods, 399 individual trees (with
a dbh of more than 10 cm) in total were recorded. They
consisted of 78 species, belonging to 29 families. Fifty-
seven species, or 60.7% of the total number of species,
had flowered or fruited at least in one observation. The
flowering—fruiting pattern among tree individuals was
unsynchronized (Fig. 3). Indication of an unsynchronized

flowering—fruiting pattern is that during the 24-month obser-
vation period, the maximum number of individual trees that
flowered—fruited was only 30% (December 2015). This study
also reveals that flowers and fruits were always available the
whole year because a minimum of 10% of individual trees
flowered and/or fruited every month.

In general, the number of individual flowered—fruited
trees in period I (July 2015-June 2016) was higher than in
period II (July 2016-June 2017), except in July 2016. Dur-
ing period I, the percentage of individuals that were flower-
ing—fruiting gradually increased until the peak was reached
in December 2015 (30.1%). This was then followed by a
gradual decrease until the end of period I in June 2016. In
contrast, the percentage of flowering—fruiting individuals
in period II fluctuated with no clear pattern. At the begin-
ning of period II, the percentage of individuals that flow-
ered—fruited was 15.8% (July 2016). The highest percentage
of flowering—fruiting was in January 2017 (21.1%) and the
lowest percentage was in August 2016 (10.5%).

During two successive years of observations, the peak
seasons of the flowering—fruiting period shifted from
December 2015 in period I to January 2017 in period II
(Fig. 3). The percentage of individuals that flowered—fruited
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each month during period II was also lower than in the same
month of period I. The largest decrease occurred between
December 2015 and December 2016, when the number of
flowered—fruited trees decreased by 50.8%.

Reproductive period

The flowering (Flo) or fruiting (Fru) phase is a phenom-
enon according to which either flowers or fruits pre-
dominate during observations. Meanwhile, the flower-
ing and fruiting (Flo—Fru) phase finds flowers (Flo) and
fruits (Fru) together at the time of observation. For some

150
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120 -
110 -

Numberof Trees

® Period | (2015-2016) Period 11 (2016-2017)

species, the three phases can be distinguished easily, but
in some other species, this is more difficult, especially the
flowering—fruiting (Flo—Fru) phase.

In period I, the number of individuals in the flowering
phase during July-December 2015 was higher than in Jan-
uary—June 2016. Meanwhile, during this time, the number
of individuals in the fruiting phase was higher than in the
flowering phase. This suggests a rather apparent transition
from the flowering to fruiting phase in period I. Unlike in
period I, there was no clear pattern in the transition from
the flowering to fruiting phase in period II (Fig. 4).

Observation Month

m Flowering (Flo)

u Flowering-Fruiting (Flo-Fru)

u Fruiting (Fru)

Fig.4 Number of trees in reproductive phases at Mount Kareumbi Reserved (MKR)
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In terms of reproductive phases by species (Fig. 5), the
highest number of species flowering (Flo) during period I
was found in August and October 2015, whereas in period
I1, it was not found in the same month, i.e., January 2017.
Similarly, the highest number of species fruiting (Fru) dur-
ing period I was found in January 2016, whereas in period II,
it was not found in the same month, i.e., July 2016 and Sep-
tember 2016. Compared with the pattern at the individual
level, as shown previously in Fig. 4, a similarly clear transi-
tion from the flowering to fruiting phases was also found at
the species level.

Duration of reproductive phases

The durations of the reproductive phases of each species
in the forest provided an indication of the availability of
fruit and seed resources. This data may be useful for for-
est restoration programs. Observations of the durations
of the reproductive phases were conducted on 78 LTS,
but only 37 tree species were used to estimate the dura-
tions of the reproductive phase because the remaining 41
species were less than three individuals. The duration of
the flowering (Flo) of 34 species was 0.1-4.4 months;
the duration of the flowering—fruiting (Flo—Fru) of 15

100.0
S0.0

80.0

Percentage of Species
8
)

30.0

200 4

100 4

species was 0.1-2.4 months; and the fruiting (Fru) of 32
species was 0.1-5.7 months (Fig. 6). For Saurauia micro-
phylla, the longest duration was recorded: flowering (Flo)
was 4.4 months and flowering—fruiting (Flo—Fru) was
2.4 months. The longest duration of fruiting (Fru) was
recorded for Ficus obscura (5.7 months). Meanwhile,
Sloanea sigun (Blume) K. Schum., Sterculia oblongata
R.Br., and Brassica rugosa had the shortest durations of
all the reproductive phases (Fig. 6). During the two years
of observation, no records of the reproductive phases for
Casearia flavovirens Blume were found. Meanwhile, Ficus
variegata was only found during the fruiting phase.

In terms of the species, the durations of the reproduc-
tive phases were varied (Fig. 7). Most species (21 out of
34) were found to be flowering (Flo) for a short duration
(0.1-0.8 months, Fig. 7a). Similarly, 19 out of 32 spe-
cies were found to be fruiting (Fru) for 0.1-1.0 months
(Fig. 7c). Meanwhile, most species (12 out of 15) were
found to be flowering—fruiting (Flo—Fru) for a short dura-
tion (0.1-0.5 months; Fig. 7b). Therefore, in general, most
species had a short duration of reproductive phases. Infor-
mation on the reproductive phase duration is essential for
determining the appropriate time for collecting fruits or
seeds to be used in nurseries of local trees to support forest
restoration activities.

Observation Month
Flowering-Fruiting (Flo-Fru)

m Flowering (Flo)

= Fruiting (Fru)

Fig.5 Number of species in reproductive phases at Mount Kareumbi Reserved (MKR)
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Fig.6 Duration of reproductive phases of each local tree species in Mt. Masigit-Kareumbi Reserve (MKR)
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Table 1 Correlation between reproductive and climatic variables at MKR

Variables Wind Velocity (m Relative Solar Radia- Temperature (°C) Rainfall (mm)
sh Humidity  tion (watt
(%) m?)
1. Number of indivuals flowering and fruiting per month — 0.42" 0.157 0.006 0.544™ —0.105
2. Number of individuals flowering (Flo) per month -0.18 —0.147 0.256 0.173 —0.135
3. Number of individuals fruiting (Fru) per month —0.46" 0.137 —0.056 0.38 —0.075
4. Number of species flowering (Flo) per month —-0.49" —0.493" 0.429" 0.061 -0.139
5. Number of species fruiting (Fru) per month - 061" —0.028 0.132 0.304 —0.227

Climatic variables were based on monthly data for 24 months of observation

“Correlation is significant at the 0.05 level (p < o os)

“Correlation is significant at the 0.01 level (p <ot ;)

The reproductive period and climatic conditions

The occurrence of flowering (Flo), flowering—fruiting
(Flo—Fru), fruiting (Fru) trees in period I was higher than
in period II (Fig. 3). The correlation between reproductive
periods and climatic factors (wind velocity, relative humid-
ity, solar radiation, temperature and rainfall) showed strong
correlation with the number of reproductive phase of the
trees and species (Table 1).

The number of species that undergo the reproductive
phase responds sensitively to climatic conditions. Based on
the reproductive period, the total number of trees that were
flowering and/or fruiting has a strong correlation with wind
velocity (r=-0.42) and temperature (r=0.54). The number
of individuals that were fruiting (Fru) is strongly correlated
with wind velocity (r=- 0.46), but no correlation was found

between the number of individuals that were flowering (Flo)
with all climatic variables (Table 1). The number of species
undergoing the reproductive period showed a strong cor-
relation with several climatic factors. The number of spe-
cies that were flowering (Flo) are strongly correlated with
wind velocity (r=— 0.50), relative humidity (r=— 0.49)
and solar radiation (r=0.43). The number of fruiting (Fru)
species only has a strong correlation with wind velocity
(r=— 0.61). The correlation analysis suggests that wind
velocity is strongly correlated with many reproductive vari-
ables. Furthermore, the number of species that were flower-
ing (Flo) is strongly correlated with more climatic variables
than other reproductive variables. This can be taken as an
indication that the number of species that were flowering
(Flo) responded sensitively to climatic conditions.
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Fig.8 Correlation between wind velocity and the number of species during observation periods at Mt. Masigit-Kareumbi Reserve

In general, the occurrences of flowering, flowering—fruit-
ing, and fruiting individuals were lower in period II than in
period I (Fig. 3). Despite occurring at a lower quantity, all
the reproductive phases (flowering [Flo], flowering—fruitings
[Flo—Fru], fruitings [Fru]) were recorded in each month of
period II. One possible explanation for this phenomenon is
that flowering and fruiting occurred, but there was a condi-
tion that caused a significant number of flowers and fruits
to fall out during that period. The impact of strong winds
during period II was likely the reason, as presented in Fig. 8.
In general, wind velocities in the months of period II were
generally higher than those in period I. These higher wind
velocities correspond with the lower number (than in period
I) of species flowering (Flo), flowering—fruiting (Flo-Fru),
and fruiting (Fru) in period IL. It appears that stronger winds
caused many flowers and fruits that had been set to fall to the
ground. This notion was supported by visual observations
in which many flowers and fruits were found on the ground
during periods of strong wind.

Discussion

Flowering periodicity is an important factor because it is
associated with the flowering season, when the production
of fruits or seeds can be predicted. The study of the plant re
productive phase also provides great opportunities for each
tree to cross-breed (outcrossing) so that inbreeding can be
minimized. Based on these conditions, Schmidt (2000)
suggested that observations should be made for more than
one flowering—fruiting season. In this study, two periods of
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flowering—fruiting seasons were examined. The peak flower-
ing—fruiting in period I was in December 2015. A total of
120 trees were flowering—fruiting (30% of 399 individuals).
Fifty-four individual trees were recorded to be in the flow-
ering (Flo) phase, i.e., 14 species (17.9%); 15 individuals
were in the flowering—fruiting (Flo-Fru) phase, i.e., 9 spe-
cies (11.5%); and 51 individuals were in the fruiting (Fru)
phase, i.e., 24 species (30.8%). However, in period II, the
amount of flowering—fruiting was lower than in period I. In
August 2016 (period II), only 42 trees (10.5%) were flower-
ing—fruiting. In that time period, 23 individuals were fruiting
(Fru), i.e., 17 species (21.8%); 19 individuals were flower-
ing (Flo), i.e., 8 species (10.3%); and no trees were flower-
ing—fruiting (Flo—Fru) (Figs. 3, 4, and 5).

The flowering—fruiting peak season for tree communi-
ties has been discussed in several studies. A study of tree
communities in Mt. Papandayan-Indonesia found that the
peak flowering—fruiting period was in July 2010 and that
the period of the lowest flowering—fruiting was in Octo-
ber 2009 (Sulistyawati et al. 2012). Another study in the
montane wet temperate forests of India found that the peak
fruiting period for 23 species of fleshy fruit trees was in
July 2003, and the period of lowest flowering—fruiting was
in June 2002 (Somasundaram and Vijayan 2010). In MKR,
this study founds that the peak flowering—fruiting was in
December 2015, and the period of lowest flowering—fruiting
was in August 2016. Interestingly, even though Mt. Papan-
dayan and MKR are relatively close (about 100 km apart),
the peak times for their flowering—fruiting periods are dif-
ferent. Observations of the two flowering—fruiting seasons
successively could not obtain similar patterns, despite that
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the same observation methods were used in the same month
of the Julian calendar.

The observation of the flowering (Flo)-flowering—fruit-
ing (Flo—Fru)—fruiting (Fru) phase (reproductive phases) of
each individual tree in a species was rather difficult due to
some general limitations: short flower cycles, a very low
number of flowers produced, uncertain flowering cycles,
and a high dependency on seasons (Schmidt 2000). Some
of the obstacles that may cause flowering data collection to
be underestimated are as follows: the location of flowers that
are difficult to observe, unfavorable weather, and tree height
or size (Sulistyawati et al. 2012). Experiences during field
observations, such as sudden fog conditions, rain, strong
winds, crown density, height of trees, and small flower sizes
and their position on the exterior of tree canopies contribute
to the difficulties in recording reproductive phases.

The flowering—fruiting periods and reproductive phases
of plant communities might exhibit different patterns during
certain seasons. Some of the factors that strongly influence
the flowering—fruiting period are rainfall, humidity, tem-
perature, radiation, photoperiod and biotic factors (Singh
and Kushwaha 2006; Gunter et al. 2008; Zhang et al. 2010;
Sulistyawati et al. 2012). In this study, the effects of climatic
factors on the reproductive behavior of trees can be observed
from the decreasing number of individual trees that flow-
ered—fruited during period II compared to period I (Fig. 4).
This decline was influenced by wind velocity (negative cor-
relation, r=— 0.42) and temperature (positive correlation,
r=0.54) (Table 1).

Other climatic factors, such as the intensity of sunlight
that was often blocked by fog, the length of the dry season,
and fairly strong winds influenced the flowering—fruiting
pattern of individual trees. Seasonal variations in rainfor-
ests are diverse and tend to fluctuate erratically compared
to the variations in dry climates (Schmidt 2000). Increased
photoperiods in the dry season tend to stimulate flowering
(Wright and Cornejo 1990). The flowering signals of tree
species in tropical montane forests are often attenuated by
the influence of cloud cover, which decreases solar radiation
and shortens the duration of daytime, allowing for different
seasonal patterns of flowering—fruiting phases (Gunter et al.
2008). In this study, solar radiation had a positive correlation
with the reproductive period, as indicated by the number of
flowering species (r=0.43). This means that solar radiation
also influences the number of flowering species. Wind veloc-
ity is negatively correlated with the number of species that
flower and fruit, and with the number of trees that fruited in
general (Table 1).

In this study, the reproductive behavior of the tree com-
munity that underwent flowering—fruiting was generally
unsynchronized. The study of the flowering—fruiting of dip-
terocarp in a tropical rainforest showed that peak flowering
and fruiting of mature trees was only 40-50%. However,

the reproductive behavior at the community and individual
levels was different (Schmidt 2000), in line with the results
of Kebede and Isotalo (2016) study that flowering phenology
is varied at the population level. Therefore, differences in
reproductive behavior created different phenological events
at the community or population level and individual or tree
species level (Schmidt 2000; Somasundaram and Vijayan
2010).

Generally, the reproductive phase was approached based
on the age of the trees, but determining the reproductive
phase in natural forests was not easy. Therefore, in this study,
the reproductive phase was approached using dbh size and
by assuming that trees with a dbh of more than 10 cm have
entered the reproductive phase. However, this did not seem
to be entirely appropriate for some species.

Seed production can be expected based on some impor-
tant indicators, such as the duration of the reproductive
phase. Elliott et al. (1994) explained that duration is the
average length of the flowering—fruiting period (in weeks or
months) for each individual tree and the average of all indi-
vidual tree species observed. However, Zhang et al. (2010)
considered the duration of the flowering period as the length
of time from flower initiation to the end of the flowering
period. Their study of an alpine forest (Mt. Qomolangma,
Mt. Everest) indicated that there is a considerable varia-
tion among the flowering durations of plant species (rang-
ing from 27 to 93 days). In this study, the durations of the
reproductive phases of LTS also varied, and most trees had
a short duration of reproductive phase (the duration of flow-
ering [Flo] ranging from 0.1-0.8 months or 3-24 days; the
duration of fruiting [Fru] from 0.1-1.0 months or 3-30 days;
and the duration of flowering—fruiting [Flo-Fru] from
0.1-0.5 months or 3—15 days), as shown in Fig. 7. Our obser-
vations confirmed that the reproductive phase is affected by
extrinsic factors (climatic) but the durations of the reproduc-
tive phases were influenced more by intrinsic factors, such as
ecological pollination syndrome (Zhang et al. 2010).

The flowering phenomenon in tropical forests is also
influenced by biotic factors, such as the presence of animals
with different roles. The reproductive phase can provide
the resources (flower) needed by pollinators to assist the
pollination and fruits for frugivores and animals that act as
dispersal agents of fruits or seeds. According to Rey (2011),
the existence and management of frugivorous bird species
should be a priority for conservation areas because they can
act as seed dispersal agents through their eating behaviors
and digestive systems. Potential pollinators seem to react
to periodical patterns in seasonal forests compared to wet
forests (Gunter et al. 2008).

The study of the reproductive periods of LTS can make
important contributions to every step of the forest restora-
tion program, as explained by Buisson et al. (2016). They
stated that the key steps in a restoration program are (1)
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establishing a reference, (2) ensuring the availability of
seeds and seedlings, (3) implementing the selected restora-
tion method, (4) setting up permanent monitoring, and (5)
implementing adaptive management. The flowering—fruit-
ing period and the periodicity of the reproductive phases of
LTS can be used to estimate the fruit production and seed
availability in MKR as a reference site. According to Chaz-
don (2008), the management of the restoration target area
is highly dependent on the level of degradation of forested
ecosystems. The stages of restoration activities were carried
out to reach the optimal levels of biodiversity and ecosystem
services, among others, through the planting of local tree
species.

In the early stages of the forest restoration program, the
availability of fruit or seeds at the reference site can contrib-
ute to the availability of target LTS seedlings. Meanwhile,
the peak period of fruiting is considered to be the best time
for fruit or seed collection and can affect the seed germi-
nation quality and seedling quality. Thus, the quantity and
quality of seedling production can be optimized. The process
of seed collection and seed handling until the nursery stage
must be conducted quickly because most of the LTS in MKR
have a very short duration of fruiting phase. Although the
reproductive periods in MKR varied, the highest availability
of fruit or seeds was in December and January, so the site
managers can obtain a sufficient number of seeds from dif-
ferent species.

Conclusions

The reproductive pattern (flowering—fruiting periods) of
local tree species in the sub-montaneous tropical forests of
MKR were unsynchronized, but flowers and fruits or seeds
were always available all year round. Wind velocity is the
most important ecological factor that correlated with the
tree reproductive phase. Most of the local tree species have a
short duration of reproductive phase. To support seed avail-
ability for forest restoration, the best time for fruit or seed
collection was found to be December to January.
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