diversity

Article

Role of Tree Vegetation and Associated Environmental Factors

on the Understory

Herb-Layer Composition in a Reforested

Area: A Study from “Kulon Progo Community Forestry”

Siswo "2, Chung-Weon Yun * and Jeongeun Lee !

check for
updates

Citation: Siswo; Yun, C.-W.; Lee, J.
Role of Tree Vegetation and
Associated Environmental Factors on
the Understory Herb-Layer
Composition in a Reforested Area: A
Study from “Kulon Progo
Community Forestry”. Diversity 2023,
15,900. https:/ /doi.org/10.3390/
d15080900

Academic Editors: Dominick
A. DellaSala, Lin Qi
and Wangming Zhou

Received: 30 June 2023
Revised: 21 July 2023

Accepted: 28 July 2023
Published: 30 July 2023

Copyright: © 2023 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Department of Forest Science, Kongju National University, #54, Daehak-ro, Yesan-eup,

Yesan-gun 32439, Chungnam, Republic of Korea; siswoxix@gmail.com (S.); vksl@naver.co.kr (J.L.)

Center for Implementation Standard of Environment and Forestry Instruments, #J1. Jend. A. Yani, Pabelan,
Solo City 10270, Indonesia

*  Correspondence: cwyun@kongju.ac.kr; Tel.: +62-(041)-330-1305 or +82-1043-125745

Abstract: We assessed the understory herb-layer species composition in response to tree vegetation
and its associated environmental factors in the reforested area of the Kulon Progo Community
Forestry, Yogyakarta, Indonesia. The understory herb-layer composition among different stand
types, including Pinus (PN), Aleurites-Swietenia (AS), Swietenia-Acacia (SA), Melaleuca-Acacia (MA)
and Tectona-Dalbergia (TD), was compared using some comparison analyses. The influence of tree
vegetation characteristics and associated environmental factors on the understory herb-layer species
was analyzed by employing canonical correspondence analysis (CCA). Our result showed variation in
understory herb-layer species composition despite equality in richness and diversity indices. Among
all stand types, the MA stand showed fewer shade-tolerant species, and the TD stand exhibited
the smallest number of shade-intolerant species. Seedling availability also varied between AS and
MA, which contained fewer seedling species. One of the main species in the two stands did not
even regenerate. Moreover, all indicator species in MA were shade-intolerant species with invasive
characteristics, while those in TD were shade-tolerant and semi-shade-tolerant species. CCA showed
that stand types held an important role in the herb-layer species composition, where the number
of shade-tolerant and seedling species commonly native to forest were directly proportional to
tree canopy coverage, silt proportion in soil texture and concentration of soil organic carbon yet
inversely proportional to below-stand utilization. In contrast, the number of shade-intolerant species
had positive correlation to below-stand utilization and inversely to other correlated factors. Our
study also indicated the possibility of tree vegetation controlling several environmental factors,
where the increase in canopy coverage was followed by an increasing proportion of silt in soil
texture and concentration of soil organic carbon, as well as a decreasing percentage of below-stand
utilization. Accordingly, we recommend tree species enrichment with dense-canopy trees and
adaptive management of below-stand utilization for better forest development and tree regeneration.
This finding provides important knowledge for evaluation and improvement in the ecological
restoration of degraded forests.
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1. Introduction

Understory vegetation is an important component in forest ecosystems, providing a
high contribution to stand development and canopy succession [1,2]. This species level
also demonstrates high turnover rates, which plays a crucial role in nutrient cycling and
energy flow [3-5]. In addition, the understory holds the largest proportion of the floristic
diversity [6] and has the potential to increase the complexity of forest structure as well
as provide a life support system for other biotic diversity [7]. The presence of understory
vegetation also determines the level of regeneration [3,8], as particular understory species
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influence the survival level, germination and growth of seedlings and propagules [9-11].
Therefore, understory species are often considered an efficient tool to assess the impact of
environmental disturbances on an ecosystem [12].

The importance of understory species has been widely discussed in numerous studies,
including those concerning composition, distribution and its relationship to tree cover
called the overstory [11,13-15]. According to Bohnert et al. [13], Barbier et al. [16], and Pilon
et al. [17], the tree stand commonly alters the availability of many resources for understory
herb-layer species, such as light, soil, nutrients, water, and temperature. Accordingly,
trees facilitate understory vegetation [16,18] and might accelerate forest succession [19]
by improving these resources [16,20,21]. Therefore, the colonization of understory species
often reflects the quality of the overstory (tree stand), where the abundance, diversity,
and composition of understory vegetation are possible to change temporally with stand
development [14,22]. Nevertheless, the understory herb-layer composition also relates to
many factors, including biotic, edaphic, topographic and anthropogenic [21,23,24].

Influences of tree vegetation cover and environmental factors vary from one forest
area to another. Wu et al. [15] reported that soil moisture content, altitude, and soil organic
carbon content were the largest contributors to the variation in the understory in the
Loess Plateau, China. Meanwhile, Ou et al. [21] found that elevation, soil and canopy
structure affect understory plants. Another finding by Siswo et al. [25] revealed that
understory species in a pine forest plantation were positively correlated to soil pH and
negatively correlated to the dominance level of Pinus merkusii. Accordingly, understory
vegetation can also be a good predictor to evaluate the success of restoration activities such
as rehabilitation programs related to ecosystem function [25,26], biodiversity [11,14] and
provisioning services [27].

Forest rehabilitation programs have been widely implemented in Indonesia [28],
especially in response to degraded forests because of illegal logging, forest fires, forest
conversion, unplanned agricultural expansion, and socio-economic issues related to the
reformation era since 1998 [29]. In the protected forest of Kulon Progo Community Forestry
and many other rehabilitation areas in Indonesia, a socio-economic approach through
community-based forest management is commonly implemented to accommodate com-
munity interest in the forest resources, especially in a protected forest. Consequently,
planting trees is generally dependent on community preference, which is usually exotic
species with high economic value such as Tectona grandis, Dalbergia latifolia and Swietenia
macrophylla [14,30]. Most exotic species have been reported as hampering the growth of un-
derstory species, in particular when they are planted in monoculture forests [10]. However,
selecting suitable tree species for a given environment and keeping them protected will
improve the understory’s development and diversity [12,14]. Therefore, comprehensive
information on understory herb-layer composition, including species diversity, indicative
species and tree regeneration potential, as well as the influencing factors, is necessary to
provide recommendations and support for better management in improving biodiversity
and ecosystem function.

The current study comprehensively assessed understory herb-layer composition in
various stand types and the relationship to tree vegetation characteristics and associated en-
vironmental factors in the protected forest of Kulon Progo Community Forestry. Our study
site is a reforested area consisting of randomly distributed mixed tree vegetation, which
can be classified into several stand types to compare [31,32]. In addition, comprehensive
studies on the understory’s relationship to tree vegetation characteristics and associated
environmental factors around the study site were barely published. Vegetation studies
are mostly limited to quantitative values of species composition such as species richness,
diversity index, dominance index and importance value [33,34]. In this study, we compared
understory herb-layer composition among five stand types, including Pinus (PN), Aleurites-
Swietenia (AS), Swietenia-Acacia (SA), Melaleuca-Acacia (MA) and Tectona-Dalbergia (TD).
Furthermore, tree vegetation characteristics and some environmental factors related to
topographic, edaphic and anthropogenic factors were assessed using the ordination method
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to detect factors influencing the understory herb-layer species composition. We expected
that: (1) different stand types would show different sets of understory herb-layer species;
and (2) tree vegetation characteristics would provide more influence on the understory
herb-layer composition/distribution than other environmental factors.

2. Materials and Methods
2.1. Study Site

This study was carried out in the protected forest of Kulon Progo state forest, where
about 196.8 ha of the forest were managed by the local community by adopting a social
forestry program through the Community Forestry scheme. The area of the Community
Forestry scheme with protected status reached about 114 ha, or 60% of the total area of
Community Forestry in the region [35,36]. Administratively, the study site belongs to
the Kokap Sub-district, Kulon Progo Region, Special Territory of Yogyakarta, Indonesia
(Figure 1). Topographically, Kulon Progo Community Forestry is a hilly area [36], located at
an altitude of 100-450 m asl with a slope variation of 5% to 42% [32,36]. Based on Schmidt-
Ferguson classification, the climate in the whole study site is categorized as a C type of
climate with high rainfall (>2500 mm/year, 4.5-6 dry months, and 6-7.5 wet months) and
warm to hot temperatures (about 26.9 to 30 °C) as typical of the tropics [35,37,38].
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Figure 1. Protected forest of Kulon Progo Community Forestry. Stand type and abbreviations:
PN = Pinus stand, AS = Aleurites-Swietenia stand, SA = Swietenia-Accacia stand, MA = Meulaleuca-
Swietenia stand, TD = Tectona-Dalbergia stand. Red rectangle is the research location.

Kulon Progo Community Forestry is a reforested area after massive deforestation
since 1970, which peaked in 1998 [39]. As the forest rehabilitation progresses, a large
part of the forest area was designated as a protected forest by the Indonesian Ministry
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of Forestry in 2007 [40]. The protected forest of Kulon Progo Community Forestry is a
successful participatory forest rehabilitation story that has been officially carried out since
2003 [30]. The afforestation was carried out according to community preferences and
seedling availability. Accordingly, tree planting was not strictly patterned in a block
management scheme, so the tree distribution looks unorganized. Currently, the for-
est cover is generally a mixed forest dominated by trees such as Tectona grandis Linn,
F., Dalbergia latifolia Roxb., Swietenia macrophylla G. King, Acacia mangium Wild., Pinus
merkusii Jungh. & de Vriese, Melaleuca Leucadendra Linn., Aleurites molucana (L.) Wild. and
Eucalyptus sp. [30,32].

2.2. Data Collection

The forest stand in the protected forest of Kulon Progo Community Forestry was
classified by taking 72 quadratic sample plots sized 20 x 20 m [31,32]. Based on cover-
abundance of tree vegetation, the forest stand was classified into five stand types, including
Pinus stand (PN), Aleurites-Swietenia stand (AS), Swietenia-Acacia stand (SA), Melaleuca-
Acacia stand (MA) and Tectona-Dalbergia stand (TD). Tree vegetation composition, diversity,
and tree structural characteristics varied from one stand type to another, as shown in
Table 1 [32]. To investigate variation in understory herb-layer species composition among
stand types with respect to the effects of tree vegetation and environmental factors, we
conducted a vegetation survey using a quantitative survey. We purposefully selected
35 existing plots, where each stand type was represented by 7 plots. In each selected plot,
we created a 2 x 2 m quadratic plot to observe understory herb-layer species, including
seedlings (tree species <2 cm stem diameter and <1.5 m height) and herbaceous plants
(herb-layer species other than seedlings). Quadratic plots sized 2 x 2 m have been widely
used to investigate herb-layer species in vegetation surveys [11,25,41].

Table 1. Average values of tree vegetation characteristics and associated environmental conditions in
the five stand types of the protected forest of Kulon Progo Community Forestry [32].

Items PN AS SA MA D Note

1. Tree vegetation characteristics:

- Most dominant species PM AM, SM AA, SM ML, AA DL, TG

- ) of tree species 8 6 15 10 10

- Diversity index 0.482 0.54b 1.11b 1.07P 0.75P .

- Basal area 27.612 17.56 2 15942 19912 23552 *

- Density 3752 204 P 2320 15b 211° *

- Canopy height 28.142 19.29 b 21.29 b 212 27.142 *

- Canopy coverage 68.43 2 75.5 abe 74.29 abe 59.71 2P 85.43 ¢ *
2. Environmental factors related to topographic conditions:

- Altitude (masl) 2442 3532 3032 3192 3072 **

- Slope (%) 284 31¢@ 324 322 344 **

- Barerock 182 222 162 192 17 **
3. Environmental factors related to Edaphic conditions:

- Soil texture (silt) 37.002 30.04 be 36.65 2P 31.35¢ 35.76 2P *

- Soil texture (clay) 25524 31.262 22,672 29.76 2 24772 **

- Soil texture (sand) 3754 38.74 40.67 @ 38.892 39.46 2 **

- Bulk density (BD) 1.142 1.152 1.192 1154 1.182 *

- Soil acidity (pH) 6.112 6.152 6.17 2 6312 6.38 2 *

- Soil Organic Carbon (SOC) 1.052 1.33 b 1.17ab 0992 1.72b *

- Soil Total Nitrogen (STN) 0.202 0.22ab 0.26° 0.222b 0.24 2 *
4. Environmental factors related to Anthropogenic disturbances:

- Below-stand utilization 402 54.29 2 39.29 452 25.71P *

- Distance from road 1222 143.57 2 200.712 236.29 2 255.712 *

- Distance from the river 125.712 331.57 P 347.29 b 384.43b 344.14 " **

Note: Stand types are included. PN = Pinus stand, AS = Aleurites-Swietenia stand, SA = Swietenia-Acacia stand,
MA = Melaleuca-Acacia stand and TD = Tectona-Dalbergia stand. Dominant species inclusive of PM = Pinus merkusii,
AM = Aleurites molucana, SM = Swietenia macrophylla, ML = Melaleuca leucadendra, AA = Accacia auriculiformis,
DL = Dalbergia latifolia and TG = Tectona grandis. Comparison analyses are analysis of variance (*) and Kruskal—-
Wallis (**). Different letters (a, b, c) indicated significant differences between stand types.
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We noted the presence of understory herb-layer species, including species names,
numbers of species and their abundance. Species unable to be identified directly in the field
were documented by taking photos for further identification. We counted the number of
individuals of both seedlings and herbaceous species within each 2 x 2 m quadratic plot. In
addition to observation and measurement of understory herb-layer species, we generated a
list of tree characteristics and some environmental factors related to topographic, edaphic
and accessibility or anthropogenic aspects from Siswo et al. [31] and Siswo et al. [32], as
summarized in Table 1. Climatic data were not included in this study because it has been
considered a single stretch/area with the same temperature and annual rainfall [35].

2.3. Data Arrangement

We listed and classified all collected data in some distribution tables prior to data
analysis. Unidentified species in the field were determined referring to some determination
keys, including books [42,43] and some websites (assessed on 21 September 2022), such as
wikipedia.com, Plantamor.com, and identify.plantnet.org, based on the local names and
the collected photos. Moreover, we categorized the understory herb-layer species based
on their distribution, including restricted species (present in one stand type), intermediate
species (growing in more than one stand type), and widespread species (growing in all
stand types). Furthermore, we classified these species as shade-tolerant species, semi-
shade-tolerant species and shade-intolerant species, which were also related to invasive
and non-invasive characters based on some literature [44-47]. In addition, we also counted
the number of seedling species found in the understory herb-layer species composition
and the number of individuals, which were then compared to those at higher growth levels
(saplings and poles/trees) to describe forest regeneration potential [8,48,49].

In a further step, we performed quantitative calculations for species abundance and
diversity. We calculated understory species abundance, including the number of species,
frequency, density (number of individuals), dominance (basal area) and importance value
(IV). We referred to McCune and Grace [50] to calculate IV averaging from two or more
relative values (among relative frequency, relative density and relative dominance). Ac-
cordingly, the IV of seedlings and herbs was averaged from relative frequency and relative
density [11,25,41]. Moreover, we took into account species diversity indices to provide
important information reflecting forest structure. Species diversity indices were represented
by the species Margalef richness index and Shannon diversity index, calculated through
the following formula [50,51]:

Dmg = —— 1

Hi= -y (’;;)m(’@ @

where Dmg is the Margalef Index of Richness, H " is the Shannon diversity index, S = total
number of species, N is the total number of individuals, and n.i is the number of the
ith species.

After completing the species abundance calculations, we prepared data matrices for
further analysis. To compare the understory herb-layer composition among stand types
and determine the indicator species of each stand type, we prepared two data matrices,
including the understory herb-layer species abundance per plot and the list of plots per
group. Specific to indicator species analysis, we calculated the mean abundance, relative
abundance and relative frequency data [50]. In addition, we also arrange data matrices of
tree vegetation characteristics and associated environmental factors to detect the influence
of these factors on understory herb-layer species. The abundance of understory herb-layer
species was set as a dependent variable, while tree vegetation characteristics and associated
environmental factors were set as independent/predictor variables [50,52].
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2.4. Statistical Analysis

We compared the understory herb-layer species composition among stand types by
employing a multi-response permutation procedure analysis (MRPP). This is a nonparamet-
ric analysis that disregards distributional assumptions commonly chosen as a fit analysis for
ecological community data [50]. Furthermore, we assessed indicator species for each forest
type by employing Indicator Species Analysis (ISA) [50,52,53]. We determined indicator
species using a threshold of 25% indicator value [53] at alpha 0.05 of the Monte Carlo
Significance Test [50]. MRPP and ISA were run using PC-ORD software version 7.

Diversity indices (Margalef richness index and Shannon diversity indices), number of
shade-tolerant species, number of shade-intolerant species, number of seedling species, and
number of individuals were compared using a one-way analysis of variance (ANOVA) and
the Kruskal-Wallis test. Prior to running comparison analyses, we applied Shapiro-Wilk
tests to check normality and Levene’s test to examine homogeneity. A log transformation
was also performed to improve normality. ANOVA was then employed when the data met
the requirements for normality and homogeneity in parametric analysis [54]. Otherwise,
we employed the Kruskal-Wallis test followed by Mann-Whitney U-tests [55]. We run
ANOVA and Kruskal-Wallis tests, as well as the post hoc test, using Statistical Product and
Service Solution (SPSS) software version 25.0.

To describe tree regeneration potential, we analyzed the regeneration status of tree
species by comparing the density (number of individuals per ha) of seedlings, saplings,
poles and mature trees. We followed Malik and Bhatt [8], Sarkar and Devi [48], and Nelson
and Noweg [49] to categorize the regeneration status of tree species as “good regeneration”
if seedlings > saplings > poles > mature trees; “fair regeneration” if mature trees <
saplings < or > seedlings; “poor regeneration” if a species survives only in sapling; “none
regeneration” if a species is absent in both sapling and seedling stages but present as mature
trees; and “new species” if a species has no mature but only sapling and/or seedling stages.

Moreover, canonical correspondence analysis (CCA) was performed in PC-ORD ver-
sion 7 to examine the influence of tree vegetation characteristics and associated environ-
mental factors on the understory herb-layer composition [50,52,56]. Pearson correlation
analysis was used to detect inter-correlation among predictor variables [50].

3. Results
3.1. Effect of Stand Type on Understory Herb-Layer Composition

From a total of thirty-five selected plots, we recorded seventy-two understory herb-
layer species belonging to thirty-five families spread across five stand types (Appendix A,
Table A1). Among the total of 72 species, 16 were identified as shade-tolerant species, 33
were semi-shade-tolerant species, and 23 were shade-intolerant species. Those species
included 14 seedlings and 58 herbaceous species.

The abundance distribution of the understory herb-layer species among stand types
was relatively similar, where the ten most dominant species in all stand types similarly held
more than half of the total proportion in the composition as shown by IV (Appendix A,
Table Al). Accordingly, diversity indexes among stand types were relatively similar in spite
of differences in the species list. The diversity index of all stand types was between two
and three. Nevertheless, the list of species in the composition varied from one stand type
to another. A number of particular species were infrequent and limited to specific stand
types (restricted species), which were PN, AS, SA, MA and TD and contained eight, five,
ten, four and seven restricted species, respectively. As shown in Appendix A, Table A1,
only seven species grew widely in all stand types, while most of the understory herb-layer
species were growing in more than one stand type (intermediate).

At the plot level, our analysis confirmed similarity and dissimilarity among the five
stand types. MRPP analysis significantly showed the difference in the understory herb-
layer species composition among the five stand types, as indicated by the negative value of
the t statistic (T) at alpha 0.05 (Table 2). Meanwhile, the similarity value within the group
(A) was generally fair (0.19). The more negative the “T” is, the stronger the separation
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between groups will be [50]. Furthermore, McCune and Grace [50] also stated that the low
value of “A” in community data is generally small, even below 0.1. The greater dissimilarity
was seen between TD and PN, TD and AS, TD and SA, and PN and SA compared to other
pairwise comparisons. Although we found no significant differences in species richness and
diversity index (Figure 2a,b), understory herb-layer species composition among stand types
was significantly different in terms of species list. As shown in Figure 2c, MA contained the
least number of shade-tolerant species among all stand types. Inversely, the least number of
shade-intolerant species was shown in TD (Figure 2d). In addition, understory herb-layer
species in the five stand types also performed differently in seedling availability, which is
related to regeneration potential (Figure 2e).

Table 2. Summary statistics of multi-response permutation procedure (MRPP) analysis for understory
herb-layer communities.

No Comparison of the Sorensen Distance T A p-Value

1 General Comparison —7.05 0.19 0.000

2 Pairwise Comparison:
PN vs. AS —1.65 0.05 0.066
PN vs. SA —5.73 0.16 0.000
PN vs. MA —3.34 0.08 0.006
PN vs. TD —5.97 0.32 0.001
ASvs. SA —1.47 0.04 0.085
ASvs. MA 0.44 0.01 0.576
ASvs. TD —4.81 0.22 0.002
SA vs. MA —0.89 0.02 0.162
SA vs. TD —6.13 0.29 0.001
MA vs. TD —3.49 0.17 0.012

Note: T = separation between groups, A = within-group homogeneity, p = significance level at alpha 0.05,
PN = Pinus stand, AS = Aleurites-Swietenia stand, SA = Swietenia-Acacia stand, MA = Melaleuca-Acacia stand and
TD = Tectona-Dalbergia stand.

Our result found significant differences in the number of seedling species (Figure 2e)
despite the equal number of individuals (Figure 2f). As shown in Figure 2e, AS and MA
significantly showed fewer seedling species compared to PN, SA and TD (Kruskal-Wallis
chi-square 14.05, p-value 0.007). In relation to the number of individuals, all stand types
generally displayed “good regeneration” status as the seedling density in all stand types
was much higher than the density of the higher growth levels, including saplings, poles
and mature trees, consecutively (Appendix A, Table A2). However, one of the main species
in AS (A. molucana) and MA (M. Leucadendron) were not regenerated, with no seedlings or
saplings explored (Appendix A, Table A1l; Appendix A, Table A2).

A more detailed description in relation to different sets of understory herb species
was performed by indicator species analysis. Based on the 25% indicator value threshold
suggested by Dufréne and Legendre [53] at alpha 0.05, indicator species analysis identified
thirteen significant indicator species where TN, AS, SA, MA and TD were indicated by two,
one, one, three, and six species, respectively (Table 3). Other species were not significant
indicators because they were mostly singleton and infrequent species with no possibility
of being statistically significant indicator species [50,53]. Furthermore, we found different
characteristics of indicator species among stand types (Table 3). All indicator species in
MA were shade-intolerant species. This species was also presented as an indicator species
in PN and SA stand types, although in fewer numbers. In contrast, TD exhibited two
shade-tolerant and four semi-shade-tolerant species as indicator species, and one of these
species was a seedling species (D. latifolia). Uniquely, shade-tolerant species also became
indicator species in AS, which was a seedling species (S. macrophylla), regardless of the
fewer seedling species in AS. In addition, there were no shade-intolerant species fulfilling
the indicator value threshold in AS, despite the equal number of those species in PN, SA
and MA (Figure 2c; Table 3).
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Figure 2. Plot-level understory herb-layer species characteristics; (a) Margalef richness index
(ANOVA, df 4, p-value 0.293); (b) Shannon diversity index (ANOVA, df 4, p-value 0.985); (c) num-
ber of shade-tolerant species (ANOVA, df 4, p-value 0.003); (d) number of shade-intolerant species
(ANOVA, df 4, p-value 0.005); (e) number of seedlings (Kruskal-Wallis, df 4, p-value 0.007); (f) number
of individual seedlings (Kruskal-Wallis, df 4, p-value 0.324). Different letters (a, b, c) demonstrate
significant differences between plot groups (p-value < 0.05).

Table 3. Indicator species distinguishing stand types.

Stand Type Species Ival p Value Typical
PN Slaginella sp. 48.7 0.005 Semi-shade-tolerant
Spilanthes paniculata 714 0.000 Shade-intolerant
AS Swietenia macrophylla  46.5 0.008 Shade-tolerant
SA Cynodon dactylon 54.6 0.003 Shade-intolerant
Ageratum conyzoides ~ 43.6 0.020 Shade-intolerant
MA Lantana camara 314 0.024 Shade-intolerant
Scleira sp. 271 0.000 Shade-intolerant
g;t;::l;’;’ ’;l‘;j"” 60.2 0.001 Shade-tolerant
. “’; tp 34.4 0.006 Semi-shade-tolerant
™D ZZZIZ;ZI ¢ 714 0.000 Semi-shade-tolerant
Nevhrole Sz}s)s 429 0.031 Semi-shade-tolerant
D Z) 'PZ t'p.l' 46.5 0.045 Shade-tolerant
albergia latifolia 714 0.000 Semi-shade-tolerant

Gmelina elliptica

Note: PN = Pinus stand, AS = Aleurites-Swietenia stand, SA = Swietenia-Acacia stand, MA = Melaleuca-Acacia stand,
TD = Tectona-Dalbergia stand, IVal = indicator value, p = significance of the Montecarlo test at alpha 0.05. Infrequent
species (<25% of the indicator value) are omitted, and only statistically significant indicator species are shown.
Typical species are determined according to some references [9,11,44-47].
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3.2. Influencing Factors Determining the Understory Herb-Layer Composition
3.2.1. Control of Tree Stand Characteristics and Associated Environmental Factors on
Understory Species

Among the total of 35 selected plots, the highlighted tree vegetation characteristics and
the associated environmental factors mostly varied among stand types and plots (Table 1).
Moreover, Ordination analysis using canonical correspondence analysis (CCA) indicated
the influence of tree vegetation and other highlighted environmental factors on understory
vegetation as explained by the first two axes (Table 4; Figure 3a,b). As shown in Table 4,
CCA displayed a fairly convincing result with >0.3 eigenvalues, which is categorized
as strong [56]. In addition, 18% of the variance explained by the first two axes satisfied
our result because it is commonly low for ecological data, even less than 10% [57]. We
considered factors correlated with the first two axes to have greater influences on the
understory herb-layer composition, as the eigenvalues of the first two axes were higher
than those of the third axis [50].
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Figure 3. Canonical correspondence analysis (CCA); (a) ordination of 32 selected plots and environ-
mental factors; and (b) ordination of 72 species and environmental factors. Ed-SOC = soil organic
carbon, Veg-CC = canopy coverage, Ed-Silt = silt proportion in soil texture, and Ant-BsU = below-
stand utilization. Number 1 to 72 reflect the total of 72 species. Details of the species from no. 1 to 72
are listed in Appendix A, Table Al. Factors with weak or no correlation are not shown.
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Table 4. Summary Statistics of Canonical Correspondence Analysis (CCA) between understory

herb-layer communities and environmental factors.

Axis 1 Axis 2 Axis 3
Summary statistic:

Eigenvalues 0.436 0.336 0.281
Variance Explained (%) 10.200 7.800 6.500
Cumulative explained (%) 10.200 18.000 24.500

Pearson correlation 0.925 0.900 0.929

The first two axes showed significant correlations to tree canopy coverage (Veg-CC),
silt proportion in soil texture (Ed-Silt), soil organic carbon (Ed-SOC) and below-stand
utilization (Ant-BsU). As shown in Figure 3a, most plots of TD stands containing a greater
number of shade-tolerant and seedling species were positively correlated to tree canopy
coverage (Veg-CC), silt proportion in soil texture (Ed-Silt) and soil organic carbon (Ed-SOC),
yet negatively correlated to below-stand utilization (Ant-BsU). Inversely, most plots in the
MA stand have more shade-intolerant species and fewer seedling species, demonstrating
the opposite correlation. Figure 3b then exhibited that most of the shade-tolerant and
seedling species were grouped on the left side of the ordination diagram along with tree
canopy coverage (Veg-CC), silt proportion in soil texture (Ed-5ilt) and soil organic carbon
(Ed-SOC). Meanwhile, shade-intolerant species were clustered following below-stand
utilization (BsU) on the right side.

3.2.2. Inter-Correlation between Factors

In addition to direct relationships between predictor variables (tree stand character-
istics and the associated environmental factors) and response variables (the understory
herb-layer species), we also found inter-correlation or mutual relationships between two
or more predictor variables (Table 5). Among five vegetation factors (tree stand charac-
teristics), we saw that tree density (Veg-dy) was positively correlated to the basal area
(Veg-BA), which was positively correlated to tree canopy coverage (Veg-CC). Meanwhile,
the tree diversity index (Veg-H’) and canopy height (Veg-CH) did not show significant
correlations to other tree vegetation characteristics. Nevertheless, the five vegetation factors
significantly showed their relationship to some associated environmental factors related to
topographic, edaphic and anthropogenic factors. As shown in Table 5, the diversity index
(Veg-H’) had a significant correlation with slope position (Top-slope po), total nitrogen (Ed-
TN) and distance from the river (Ant-river). Basal area (Veg-BA) was negatively correlated
to sand content (Ed-sand), while density showed a negative correlation with slope position
(Top-slope po) and a positive correlation with silt content (Ed-silt). Moreover, Table 5 also
showed that tree canopy height (Veg-CH) was negatively correlated to altitude (Top-alt)
and below-stand utilization (Ant-BsU), while tree canopy coverage (Veg-CC) was positively
correlated to silt proportion in soil texture (Ed-silt) and soil organic carbon (Ed-SOC) and
negatively correlated to below-stand utilization (Ant-BsU).
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Table 5. Correlation coefficient showing inter-correlation between highlighted influencing factors of understory herb-layer species related to vegetation, topographic,

edaphic and anthropogenic factors.

Variables Veg-H’ Veg-BA Veg-Dy Veg-CH Veg-CC Top-Alt Top-Slope Ed-Silt Ed-Sand Ed-SOC Ed-TN Ant-BsU  Ant-River
Veg-H’ —0.29 n¢ —0.147 1 —0.290 ™ 0.100 ™ 0.210 ™ 0.388 * —0.002 ™ 0.025 ™ 0.125™¢ 0.480 ** —0.184 ™ 0.434 **
Veg-BA - 0.602 ** 0.243 s 0.382 * 0.092 ns —0.189 ™ 0.171 18 —0.380 * 0.1317¢ 0.087 1 —2321 0.300 ™
Veg-Dy - - 0.329 1 0.265 " —0.195 ™ —420 % 0.511 ** —0.305 " 0.098 1 —0.053 ™ —0.287 1 —0.292
Veg-CH - - - 0.125™ —0.366 * —0.308 ™ 0.261 7™ —0.220 0.088 ™ —246 "™ —561 ** —0.268 ™
Veg-CC - - - - 0.242 7s —0.17271 0.362 * —0.259 ¢ 0.686 ** 0.269 s —436 * 0.149 ns
Top-Alt - - - - - 0.479 ** —0.142 1 —0.102 —0.034 ¢ 0.1117¢ 0.065 ™ 0.614 **

Top-slope - - - - - - —0.339 * —0.033 —0.198 ™ 0.130 ™ 0.199 0.524 **
Ed-Silt - - - - - - - —0.033 v 0.311 718 0.120 "¢ —0.330 ™ —0.264 ™
Ed-sand - - - - - - - - —0.065 "¢ 0.140 ™ 0.282 "¢ —0.210 ™
Ed-SOC - - - - - - - - - 0.233 M —0.327 1 —0.221m8
Ed-TN - - - - - - - - - - —0.141 "™ 0.004 "*

Ant-BsU - - - - - - - - - - - —0.070 ™

Ant-River - - - - - - - - - - - -

Note: Veg-H' = Tree vegetation related—diversity index, Veg-BA = Tree vegetation related—basal area, Veg-Dy = Tree vegetation related—density, Veg CH = Tree vegetation related—
Canopy height, Veg-CC = Tree vegetation related—canopy coverage, Top-Alt = Topographic related—altitude, Top-slopo = Topographic related—slope position, Ed-Silt = Edaphic
related—Silt proportion in soil texture, Sand-Silt = Edaphic related—Sand soil texture, Ed-SOC = Edaphic related Soil organic carbon, Ed-TN = Edaphic related—Total nitrogen, Ant-BsU
= Anthropogenic related—Below-stand utilization, Ant-River = Distance from river. ns = non-significant, * = significant at alpha 0.05, ** = significant at alpha 0.01. Only factors with a

significant relationship to other factors are shown in the Table.
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4. Discussion

The forest area of Kulon Progo Community Forestry has been recovering gradually
since the implementation of forest rehabilitation in the 2000s [30,35]. Exceedingly, since
it was designated as a protected forest in 2007 [40]. The success of tree planting and the
designation of this area as a protected forest obviously play an important role in plant
biodiversity. Our study implied a positive impact of the stand type on the variability
of below-stand environmental conditions. Although the five stand types showed no
differences in the quantitative values of diversity (Margalef richness index and Shannon
diversity index), these stand types exhibited variation in the composition of understory
herb-layer species among each other (Table 3; Appendix A, Table Al). Differences in
environmental conditions at each stand type apparently led to the loss and growth of
certain species. Our finding was in line with some previous studies revealing that certain
understory herb layers are prone to changes in local factors such as shade, fertility, humidity,
sunlight, etc. [58—60]. The limited number of widespread species and the presence of
restricted species in this study (Appendix A, Table A1) could imply variability in particular
environmental conditions among stand types. Meanwhile, the widely explored species
might indicate the existence of similarities in certain conditions because the availability
of suitable habitats determines the species distribution [51,61]. However, many species
growing in more than one stand type might also reflect their high adaptability [62,63].

Regarding the similarity in the quantitative values of diversity (Figure 2a,b), the
similarity in species richness might reflect the tropics of the study site because high species
richness is typical of the tropics [64]. Moreover, we found that understory herb-layer species
in the five stand types similarly showed moderate diversity. According to Oddum [65],
a diversity index between two and three is categorized as moderate. The equality of the
diversity index was related to the similarity in the number of species and abundance. It was
unsurprising because the change in tree vegetation cover not only removes certain species
but also provides opportunities for the growth of other species [11,12,66,67]. As shown in
Appendix A, Table A1, IV of understory herb-layer species in the five stand types indicated
a similar pattern in species abundance and distribution. Although each stand is composed
of a different set of species, the ten most dominant species in all stand types similarly hold
more than 50% of IV (Appendix A, Table Al). This pattern then fell into the equal diversity
index since the abundance of individual species is a key component in calculating diversity
indices [50,51]. According to Indrianto [68], IV reflects species dominance in a community,
and the diversity index will be high if a community is composed of many species with low
dominance of particular species.

In relation to the loss and growth of particular species, the presence of widespread
species, especially natural seedlings such as Macaranga sp. from the Euphorbiaceae family,
reflected a similar stage of the succession process for all stand types. Species from this
family were common in secondary forests [69,70]. However, differences in the number of
tolerant species (Figure 2c), the number of intolerant species (Figure 2d), and the number of
seedling species (Figure 2e) clearly explained the effect of stand type on plant biodiversity
in this study. The lower number of shade-tolerant species in MA (Figure 2c) compared
to other stand types, especially TD (Figure 2d), indicated the more open forest of the MA
stand (Table 1). On the other hand, the fewer shade-intolerant species in TD indicated a
better condition of the tree stand. According to Wahyuni et al. [9] and Rembold et al. [67], a
more open and disturbed forest usually loses many native herb-layer species with shade-
tolerant characteristics and rapidly overgrows many non-native shade-intolerant species
with invasive characteristics.

In terms of seedling availability, the more open forest also affected the growth of
particular seedlings. The greater number of shade-intolerant species contributes to the
smaller number of seedling species (Figure 2e), despite the similarity in the total number of
individuals (Figure 2f). However, anthropogenic disturbances such as non-timber forest
product utilization [30] might also determine the number of seedlings at the study site.
According to HKm Mandiri [30], there were fruits/seeds collected by A. molucana in AS and
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leaves collected by M. Leucadendra in MA, in addition to below-stand utilization as in other
stand types. Such utilization might lead to the removal of seeds and even facilitate the
growth of invasive species. Fu et al. [10] revealed that anthropogenic disturbance hampers
the growth of seedlings and ultimately disturbs tree species regeneration. Similarly, Free-
man [71] suggested that anthropogenic disturbance leads to the growth of invasive species
that invade forest species. Accordingly, we found that the number of seedling species in
AS and MA was similarly fewer than other stand types (Figure 2e), although AS actually
had equal tree canopy coverage to TD (Table 1). Our study did not even find seedlings of
the most dominant tree species in both AS (A. molucana) and MA (M. Leucadendra). This
fact implied the “none” regeneration status of these species, although the total number of
individuals of all stand types showed “good” regeneration status (Appendix A, Table A2).

Indicator species analysis deeply confirmed the understory herb-layer species differ-
ences among stand types, where each stand type had its own indicator species. This fact
implies that environmental conditions among stand types are still different. According to
Siswo et al. [11], McCune and Grace [50], and Dufrene and Legendre [53], indicator species
describe specific environmental conditions. For instance, the more open MA stand was
characterized by some indicator species with shade-intolerant and light-demanding char-
acteristics, including A. conyzoides [45], Lantana camara [46] and Scleria sp. [9]. Meanwhile,
indicator species in TD with a wider/denser canopy were shade-tolerant and semi-shade-
tolerant species such as Nephrolepis sp., Bauhunia sp. and Otochloa gracillima, which reflected
the shadier condition of the TD stand formed by the lush and dense crown of D. latifo-
lia [42,43] and the wide crown and broad leaves of T. grandis [43].

At the plot level, ordination analysis using CCA clearly showed the influence of tree
vegetation characteristics and some associated environmental factors on the understory
herb-layer species composition. Our results indicated that tree canopy coverage (Veg-CC),
silt proportion in soil texture (Ed-silt), soil organic carbon (Ed-SOC) and below-stand
utilization (BsU) influenced the understory herb-layer composition in this study (Table 4;
Figure 3a,b). Meanwhile, topographic factors did not show a significant impact because
all the highlighted factors related to topography in the study site had relatively low varia-
tions [32,35]. Some previous studies also revealed a similar finding that canopy coverage
influences the understory herb-layer species composition, along with other influencing
factors such as soil and topographic factors [21,23]. Tree vegetation determines understory
herb-layer species composition [6,9] related to positive impacts on lighting [66], microcli-
mate [59], and litter layer related to nutrient content [60]. Meanwhile, other environmental
factors related to topographic and edaphic aspects have been widely recognized as influenc-
ing species distribution [21,24,72]. In relation to silt proportion in soil texture (Ed-Silt) and
soil organic carbon (Ed-SOC), silty soil is generally fertile and contains a sufficient amount
of nutrients [73], while soil organic carbon is one of the most important factors for soil
quality, nutrient availability, plant growth and productivity [74]. Moreover, anthropogenic
disturbances such as below-stand utilization (BsU) highly determine the understory herb-
layer composition. According to Pereira [75], agricultural activities in the forest area could
be a crucial factor for habitat change.

A deeper analysis of the role of tree vegetation implied that tree vegetation factors other
than tree canopy coverage also seemed to make an important contribution. Although only
canopy coverage showed direct influence (Figure 3a,b), other tree vegetation characteristics
were also indirectly determining the understory herb-layer species composition. As shown
in Table 5, the canopy coverage increased with the increase in basal area, and the basal
area was also correlated to tree density. In addition, tree canopy coverage also indicated
the possibility of having an influence on other associated environmental factors. Tree
canopy coverage in this study was correlated to silt proportion in soil texture (Ed-silt), soil
organic carbon (Ed-SOC) and below-stand utilization (BsU) (Figure 3; Table 5). Regarding
the silt proportion in the soil (Ed-5ilt), silt, sand and clay proportions in the soil texture
may change in the long term and under particular conditions, although soil texture is
barely changing (stable) in a normal condition [76]. The presence of tree vegetation cover
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might protect the soil from textural damage due to excessive erosion, considering the soil
erosion control provided by vegetation [77]. Tree vegetation reduces the rate of erosion
through canopy coverage by protecting the soil from the direct impact of raindrops on the
ground [78,79]. Without protection from tree vegetation cover, silt is possible to be leached
during the erosion process because silt is easily transported in water [80]. Furthermore, the
rate of erosion also influences the loss of SOC and soil fertility [81,82]. Wenjie et al. [83]
and Fan et al. [84] suggested that the dense canopy cover also reduces evaporation from
the forest floor, leading to a cold temperature and maintaining and increasing SOC [85,86].
Accordingly, a previous report by Siswo et al. [32] revealed that canopy coverage is one
of the most influential factors for soil organic carbon and soil organic matter in this area.
Moreover, as the canopy coverage increased (Veg-CC), the below-stand utilization (Ant-
BsU) decreased (Figure 3a,b; Table 5). According to Joshi et al. [87] and Siswo et al. [11],
farmers’ interest in cash crop cultivation usually declines because the dense canopy of tree
vegetation commonly inhibits the growth of the cash crop cultivated below the stand.

5. Conclusions

In general, different stand types led to variation in the understory herb-layer compo-
sition despite the possibility of maintaining the quantitative values of diversity. As per
our hypothesis, we found dissimilarity in the understory herb-layer composition, where
each stand type showed a different set of species related to species characteristics and
regeneration potential. In more detail, indicator species analysis significantly exhibited
that all indicator species in the Melaleuca-Acacia stand were shade-intolerant species with
invasive characteristics, while those in the Tectona-Dalbergia stand were shade-tolerant
and semi-shade-tolerant species. Stand type influences understory herb-layer species
composition through tree vegetation characteristics and several associated environmental
factors below the stand. The number of shade-tolerant and seedling species commonly
native to forest were directly proportional to tree canopy coverage, silt proportion in soil
texture and concentration of soil organic carbon yet inversely proportional to below-stand
utilization. In contrast, the number of shade-intolerant species had positive correlation
to below-stand utilization and inversely to other correlated factors Tree vegetation also
showed the possibility of controlling several environmental factors, where the increase
in canopy coverage was followed by an increasing proportion of silt in soil texture and
the content of soil organic carbon. Moreover, the increase in tree canopy cover was also
followed by a decreasing percentage of below-stand utilization. This finding recommended
species enrichment using dense-canopy trees while considering community dependence
on forests through adaptive management in below-stand utilization, both in the study area
and other reforestation programs. Thus, this is important knowledge for the evaluation
and improvement of species diversity and ecological restoration in degraded forests.
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Appendix A

Table Al. Understory herb-layer species composition and distribution in five stand types in the

protected forest of Kulon Progo Community Forestry.

Important Value Index Shading Distribution
No Species Name Family Name
PN AS SA MA TD  Characteristic Category
1 Dryopteris sp. Dryopteridaceae 733 577 448 354 456 1 1
2 Cytrococum Poaceae 2381 1729 24838 2475 3.02 2 1
3 Ottochloa Poaceae 635 474 138 473 26.89 1 1
4 Curcuma sp. Zingeberacerae 225 453 000 290 110 3 1
5  Urena lobata Malvaceae 148 125 237 506 185 2 1
6  Clidemia hirta Melastomaceae 635 272 659 526 439 3 1
7 Borreria latifolia Rubiaceae 141 0.00 0.00 0.88 0.00 1 2
8  Elletaria cardomomum Zingeberacerae 141 0.00 000 0.00 0.00 2 3
9  Impatiens balsamina Balsaminaceae 148 0.00 000 0.00 0.00 2 3
10 Andrographis paniculata Acanthaceae 310 509 246 0.00 6.99 1 2
11 Colocasia gigantea Araceae 1.62 226 073 000 0.00 2 2
12 Slaginella sp. Slaginellaceae 931 497 000 263 0.00 2 2
13 Coctus spicatus Costaceae 1.69 136 073 074 0.00 2 2
14  Scleria sp. Poaceae 190 0.00 0.00 499 086 3 2
15 Euphorbia hirta Euphorbiaceae 092 317 155 0.00 0.00 3 2
16  Eupatorium odoratum Asteraceae 542 000 213 081 1.58 3 2
17 Oxalis corniculata Oxalidaceae 063 147 082 000 074 2 2
18  Stachytarpheta jamaicensis Verbenaceae 0.00 000 173 1.82 0.00 3 2
19  Spilanthes paniculata Asteraceae 345 000 000 0.00 0.00 3 3
20  Pennisetum purpureum Poaceae 063 000 230 290 146 2 2
21 Commelina benghalensis Clommelinaceae 070 000 0.00 0.00 0.00 3 3
22 Lantana camara Verbenaceae 070 170 110 499 16l 2 2
23 Setaria viridis Poaceae 113 0.00 0.00 0.00 0.00 3 3
24 Phylanthus urinaria Fabaceae 0.00 115 082 317 0.00 3 2
25  Acalypha australis Euphorbiaceae 1.69 0.00 0.00 0.00 0.00 3 3
26  Imperata cylindrica Poaceae 127 0.00 000 0.00 0.00 3 3
27  Centrosema sp. Fabaceae 063 566 338 351 456 2 1
28  Passiflota foetida Passifloraceae 0.00 091 000 000 0.00 2 3
29  Ficus montana Moraceae 000 181 0.00 0.00 0.00 3 3
30  Almorphophallus muelleri Araceae 0.00 091 0.00 0.00 0.00 2 3
31  Panicum repens Poaceae 0.00 215 0.00 088 0.00 2 2
32 Melastoma cadidum Melastomaceae 0.00 226 176 216 197 3 2
33 Ageratum conyzoides Asteraceae 000 757 284 891 319 3 2
34 Mimosa pudica Fabaceae 0.00 125 000 000 0.00 3 3
35  Elephantopus scaber Asteraceae 0.00 193 110 0.00 0.00 2 2
36  Cymbopogon citratus Poaceae 0.00 192 101 229 0.00 2 2
37  Flemingia macrophylla Fabaceae 0.00 0.00 000 115 086 2 2
38  Hyptis capitata Lamiaceae 000 226 183 000 0.00 3 2
39  Stenochlaena palustris Blechnaceae 0.00 0.00 249 000 0.00 2 3
40  Hibiscus rosa-sinensis Malvaceae 0.00 0.00 082 000 0.00 2 3
41  Cynodon dactylon Poaceae 0.00 000 1022 0.00 0.98 3 2
42 Mikania micrantha Asteraceae 0.00 000 220 0.00 0.00 3 3
43 Tinospora cordifolia Menispermaceae 0.00 0.00 000 000 185 1 3
44  Pteris ensiformis Pteridaceae 0.00 000 110 0.00 0.00 1 3
45  Cosmos caudatus Coreopsideae 0.00 000 091 0.00 0.00 1 3
46  Gynura procumbens Asteraceae 0.00 0.00 000 088 0.00 2 3
47 Cynoglosum sp. Boraginaceae 0.00 000 1.01 0.00 0.00 1 3
48  Wedelia trilobata Asteraceae 0.00 000 129 0.00 122 3 2
49  Peperonema pellucida Piperaceae 0.00 0.00 000 000 074 1 3
50  Lygodium circinnatum Lygodiaceae 0.00 000 000 162 235 2 2
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Table Al. Cont.

Important Value Index Shading Distribution
No Species Name Family Name
PN AS SA MA TD Characteristic Category
51  Portulaca sp. Portulacaceae 0.00 0.00 082 000 0.00 3 3
52 Andiatum caudatum Andiataceae 0.00 000 000 074 0.00 2 3
53 Crassocephalum crepidioides Asteraceae 0.00 0.00 000 074 086 3 2
54  Clausena excavata Rutaceae 0.00 0.00 000 000 074 2 3
55  Bauhinia sp. Fabaceae 0.00 0.00 000 000 480 1 3
56  Cleome rutidosperma Cleomaceae 0.00 147 000 000 0.86 2 2
57  Clitoria ternatea Fabaceae 0.00 0.00 000 000 086 2 3
58  Nephrolepis bisserata Pteridacerae 0.00 000 0.00 000 271 2 3
59  Syzigium aromaticum Myrtaceae 070 000 0.00 0.00 0.00 2 3
60  Pinus merkusii * Pinaceae 092 0.00 000 000 0.00 2 3
61  Macaranga sp. * Euphorbiaceae 239 100 173 270 1.85 2 2
62  Dalbergia latifolia * Fabaceae 295 000 265 243 5.04 1 2
63  Swietenia macrophyla * Meliaceae 0.63 668 347 074 3.10 1 1
64  Gmelina elliptica * Lamiaceae 0.00 000 000 000 408 2 2
65  Tectona grandis * Lamiaceae 0.00 091 000 000 149 3 2
66  Ardisi elliptica Primulaceae 450 204 192 0.00 0.74 1 2
67  Parkia speciosa * Fabaceae 0.00 000 110 0.00 0.00 2 3
68  Genetum genemon * Genetaceae 000 091 0.00 0.00 0.00 1 3
69  Ficus septica * Moraceae 127 091 073 0.00 0.00 1 2
70  Acacia auriculiformis * Fabaceae 0.00 000 082 074 0.00 1 2
71 Leucaena leucocephala * Fabaceae 0.00 0.00 073 000 0.00 2 3
72 Paraserientes falcataria * Fabaceae 0.00 0.00 000 135 0.00 2 3
100 100 100 100 100
Note: Species with an asterisk indicate tree species (seedlings); Shading category: 1 = tolerant species, 2 =
semi/facultative, 3 = intolerant species; Distribution category: 1 = widespread, 2 = intermediate, 3 = restricted
species. PN = Pinus stand, AS = Aleurites-Swietenia stand, SA = Swietenia-Acacia stand, MA = Melaleuca-Acacia
stand, TD = Tectona-Dalbergia stand.
Table A2. Seedling availability and tree regeneration status.
Tree Regeneration Species
Stand Type Number of Speci Famil Density (n/ha)
Seedling Species pecies amily  Geedling Sapling  Pole Tree RS
PN 2 P. merkusii Lauraceae 1786 - 14 311
Other species 14,285 886 186 164 Good
Total 16,071 886 200 375 Good
AS 1 A. molucana Euphorbiaceae - - - 104  None
S. macrophylla Euphorbiaceae 7188 343 167 32 Good
Other species 3512 685 176 68
Total 10,700 1028 343 204 Good
SA 2 S. macrophylla Moraceae 1875 686 229 54  Good
A. auriculiformis Euphorbiaceae 2083 171 14 54  Good
Other species 9242 985 285 124 Good
Total 13,200 1842 528 232 Good
MA 1 M. Leucadendron Moraceae - - 186 79  None
A. auriculiformis Euphorbiaceae 682 29 67 36 Good
Other species 7868 1113 147 36 Good
Total 8550 1142 400 154  Good
TD 2 D. latifolia Moraceae 3958 514 167 118  Good
T. grandis Euphorbiaceae - 57 67 74  Poor
Other species 5684 400 195 19 Good
Total Euphorbiaceae 9642 971 429 211  Good

Note: Stand types include PN = Pinus stand, AS = Aleurites-Swietenia stand, SA = Swietenia-Acacia stand, MA =
Melaleuca-Acacia stand, and TD = Tectona-Dalbergia stand. RS = Regeneration status.
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