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Abstract

Comparing the difference in forest community structure between a reforested area and a nearby old
growth forest is one way to evaluate the ability of a disturbed forest to recover. Here, we show how a
high altitude reforested area in Mt. Apo, Philippines is recovering relative to a nearby old growth forest.
The species richness of understory vegetation in the old growth forest did not differ significantly from
the 11 year-old reforested area, suggesting fast recovery in this aspect. However, the tree assemblage
and sizes (i.e., Diameter at Breast Height) in the old growth forest had significantly higher tree
diversity as well as larger trees than the reforested area, suggesting slower recovery in this aspect. In
addition, the dominant species in terms of understory vegetation cover, tree abundance, and sizes
differed significantly between the old growth forest and the 11 year-old reforested area. In general, the
composition and structure of vegetation communities (understory and trees) in the old growth forest
and the 11 year-old reforested area were about 13-29% similar. This means that, without management
interventions (e.g., assisted recovery), it would probably take much longer time (than 11 years) for the
reforested area to get to same condition as the nearby old growth forest. More importantly, results
showed which aspects of the reforested area could be adjusted to potentially hasten its recovery
towards the old growth forest status.
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Introduction

Understanding the ability of a deforested area to
recover to a state similar to its original condition or the
condition of a nearby undisturbed (old-growth forest)
and reforested areas is important for effective forest
restoration (Halpern 1988). Knowing the rates by which
a reforested area can return to a similar state as an old
growth forest can help measure the effectiveness of
reforestation or forest restoration efforts. In addition,
understanding the ability of reforested areas to recover
can help clarify the productivity and dynamics of
exploited forests, and potentially increase their capacity
to support the increasing human demands for forest
products and services (Benayas et al. 2009; Chazdon
2008).

Old growth tropical forests (e.g., in SE Asia) are
extensively being lost (Koh 2007) due to rapid increase
in forest use and conversion by expanding human
population and anthropogenic disturbances, which also
contribute to the great loss of forests-associated
biodiversity in SE Asia (Webb et al. 2010). In the
Philippines, while over 50% of the primary forests were
lost in the last 100 years, there is very limited
quantitative data about the status of the remaining intact
forests and the pre-deforestation and current conditions
of deforested areas (Lasco et al. 2001), making forest
conservation very challenging.

Biodiversity on earth is greatly concentrated in
tropical Asia (Lane 2010). The Philippines is one of the

megadiversity countries, but unfortunately, also a
biodiversity hotspot (Carpenter and Springer 2005;
Roberts et al. 2002; Sodhi et al. 2010b). This means
that the loss of vast areas of tropical forests in the
Philippines equates to great losses of biodiversity
functions, services, and values (Sodhi et al. 2010a). To
reverse this trend, reforestation or forest restoration
efforts are undertaken. In general, there is often a lack
of clarity in the targets of many reforestation projects
(Sayer et al. 2004). Furthermore, varied ways of
measuring success of forest restoration are used
(Ruiz-Jaen and Mitchell Aide 2005). Thus, there is a
great need for systematic ways of testing the
effectiveness of reforestation efforts in recovering
forest biodiversity (Chazdon 2008).

A common means to measure effectiveness of
restoration projects is by testing the changes in
conventional diversity metrics (e.g., species richness,
evenness, and other diversity indices). However, this
approach clearly cannot capture some aspects of
biodiversity composition, structure (i.e., relative species
abundance, sizes, DBH, etc.), and function (Lewis
2009). To address this problem, the Society of
Ecological Restoration recommended a systematic and
minimum set of measures for evaluating reforestation
success (Ruiz-Jaen and Mitchell Aide 2005).

The study used a combination of conventional
diversity measures and measures of community
composition and structure using well-accepted and
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widely-used non-parametric multivariate statistical
approaches to evaluate the ability of a high altitude
reforested area in Mt. Apo, Philippines to recover in
comparison to a nearby old growth forest (Clarke and
Warwick 2001; Letcher and Chazdon 2009). The
similarity in species composition, relative abundance,
percentage cover, and sizes of trees (DBH), and
understory vegetation cover (i.e., non-tree species) in
an 11 year-old reforested area and a nearby old growth
high altitude forest in Mount Apo, Mindanao,
Philippines were also tested.

Materials and Methods

The reforested area (i.e., actively planted with native
tree species such as Leptospermum flavescens,
Cinnamomum mercadoi and Dacrycarpus imbricatus)
and a nearby old growth forest study sites were located
in Mount Apo, Mindanao, Philippines - a high altitude
forest area with a peak of 2954 meters above sea level
(m asl) (Paje et al. 2010) (Fig. 1). The reforested area
and the old growth forest are so close to each other and
share similar elevation, weather patterns, slope, and
bedrock conditions (personal observations), although
detailed geological study of the two study sites is still
needed to confirm our initial impressions. The
reforestation process and degraded condition of the
reforested sites, including the low survival of C.
mercadoi and D. imbricatus, were described in a
separate paper (Paje et al. 2010), but below are the
essential details about the sites. Except for the
remaining patches of old growth forests, Mount Apo
had been subjected to wvarious anthropogenic
disturbances (e.g., forest clearing, burning for
subsistence agriculture, and logging), but had been
actively reforested by planting several native species
since the 1990s (Paje et al. 2010). The reforested areas
were originally dominated by grasses — a typical end
result of deforestation and slashed-burn agriculture in

SE Asia (Hooper et al. 2002). However, the nearby
old-growth forest that was used as a reference site was
never subjected to any disturbance for as long as the
local people in the area can remember. The elevation of
the study sites ranged from 2400-2500 m asl.

To test the effectiveness of reforestation in a high
altitude forest in Mount Apo, 12 randomly-laid belt
transects (4 m width x 50 m length) in the two study
sites were sampled: (1) an 11-year old reforested site,
and (2) a nearby old growth forest (Fig. 1). Here, our
main interest is to test the differences in forest
community structure between a reforested area and a
nearby old growth forest — thus, replications of random
and non-overlapping transects (our sampling units)
within the compared sites are necessary, appropriate,
and are not pseudo-replications at this scale. All trees
within each transect were identified, counted and their
DBH (> cm DBH) measured. In addition, within a 1 x
1m quadrat along five sections of each transect (i.e., at
points 0, 10, 20, 30, and 40 m), the percentage cover of
understory  vegetation  (i.e., non-tree  species)
encountered were identified and estimated using the
Braun-Blanquet vegetation survey approach (Wikum
and Shanholtzer 1978), with the GPS coordinates of all
transects recorded. The percentage cover of non-tree
species within each quadrat were visually assessed (i.e.,
at + 10% precision).

Non-parametric multivariate statistical approaches in
testing spatial (or temporal) variations in ecological
communities — such as testing the differences in species
composition and relative abundance (or the sizes
(DBH)) of species found in the reforested and old
growth forests study sites (Clarke and Warwick 2001) -
were used in the analysis. The non-parametric statistical
methods that we used have been carefully explained in
detail in papers published by the developers of the
software PRIMER (Clarke 1993) and are widely
accepted or applied in community ecology research
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Fig. 1. Map of the study site, indicating the locations of sampled transects in the old growth (black
circles) and reforested area (grey squares). Contour interval = 20 m.
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(Anderson 2001; Anticamara et al. 2010; Letcher and
Chazdon 2009). Initially, the species accumulation
curves for both tree and understory data (using
permutation approaches or randomization of sample
addition in generating the species accumulation curves)
were plotted. This yielded an estimate of total tree and
understory vegetation species found in the reforested
and old growth forests with every addition of transect
sample. Afterwards, the Bray-Curtis Similarity value (a
non-parametric equivalent of Euclidean distance for
measuring similarity of species and relative abundance
or size matrices (Clarke and Warwick 1994; Clarke
1993) was calculated for (1) the composition and
relative abundance (or mean tree DBH) of species
found in every transect sampled in the two study sites;
and (2) the species composition and percentage cover
of the understory species, found in each transect
sampled in the two study sites.

Using the Bray-Curtis Similarity values of tree or
understory composition and relative abundance (or
DBH or percentage cover), the Non-metric
Multi-dimensional Scaling Plots (NMDS) and Cluster
Dendograms of transects sampled from the two forests
types were generated (the details of these methods are
described in original papers by the developers and
others papers which adopted these methods)
(Anticamara 2009; Clarke 1993; Letcher and Chazdon
2009). One-way Analysis of Similarity (ANOSIM) was
applied to test the significance of any differences in tree
and understory vegetation communities in the
reforested and old growth forests based on the sampled
transects. A Similarity of Percentage (SIMPER)
Contribution analysis was undertaken to evaluate which
species contributed most to the dissimilarities of the
transects sampled in the two forest types, and to test
how much the two areas differ in community
composition and structure, using both the tree and
understory vegetation data (Clarke and Warwick 2001;
Col6n and Lugo 2006; Gray et al. 1988; Gwali et al.
2010).

One-way ANOVA was used to test the differences in
values of conventional univariate diversity indices (i.e.,
species richness, Shannon-Wiener’s H’, Margalef’s d,
and Pielou’s J) calculated for tree and understory
communities found in each transect in the two forest

types.

Results and Discussion
Community Composition and Structure

The tree composition and structure (i.e., species’
relative abundance and size) were significantly
different between the old growth forest and the 11
year-old reforested area (Figs. 2a-b and 3a-b). NMDS
and Cluster plots showed distinct groupings of transect
sampled from the old-growth and reforested areas in
terms of relative abundance (Fig. 2a-b) and sizes of tree
species (Fig. 3a-b) (note that NMDS are non-metric,
therefore the NMDS plots have no scale; also note that
the Cluster plots give a measure of the transect
similarity values within and between the reforested and
old growth forests). Using ANOSIM, these differences
were statistically significant (Global R=0.9; P=0.001)

(Figs. 2a-b and 3a-b). Analyses using SIMPER of
various tree species indicated that in terms of (1) tree
species abundance, the old growth forest was
dominated by Tasmannia piperita (Table 1), while the
reforested area was dominated by Leptospermum
flavescens; however, in terms of (2) tree size, the old
growth forest was dominated by Leptospermum
flavescens (the species planted in the reforested area)
and Myrica javanica (Table 2; Appendix Figures 2A
and 2B).The average similarity in the composition and
relative abundance of tree species between the old
growth forest and reforested area was 15.5% (Table 1).
The average similarity in the composition and sizes of
tree species found in the old growth and reforested
areas was 13.6% (Table 2).

These results indicate that more than 11 years is
needed for the reforested area to fully approach the
same state as the old growth forest (i.e., in terms of tree
species composition and structure or the relative tree
species abundance, size or DBH, and understory cover).
This is probably due to the slow growth rates of
Leptospermum flavescens as well as the absence of
Myrica javanica in the reforested areas. Augmenting
the recovery of these two species (e.g., adopting
assisted recovery methods (Shono et al. 2007)) might
hasten the recovery of the reforested study site. The
understory vegetation in the old growth forest also
differed from the reforested area — except for few
transect samples where the two sites appeared similar
(Fig.4a-b). NMDS and Cluster plots showed distinct
groupings of transects from the old growth and
reforested areas in term of percentage cover of
understory species (Fig. 4a-b). ANOSIM indicated that
these differences were significant (Global R=0.3;
P=0.001) (Fig. 4a-b). SIMPER analysis indicated that
although the understory of the old growth forest and the
reforested areas were both dominated by Saccharum
spontaneum, the mean percentage cover of this
understory vegetation was lower in the old growth than
the reforested area (Table 3). In addition, other
understory vegetations that are dominant in the
reforested site (e.g., Dennstaedtia sp. and Graminae
sp.) did not show high percentage cover in the old
growth forest compared to the reforested area (Table 3).

The overall similarity in the composition and
percentage cover of understory vegetation between the
two forest types was 28.7% (Table 3). Controlling the
growth and cover (via shading and brushing) of
Saccharum  spontaneum and other understory
vegetations in the reforested areas that are not present
in the old growth forest might hasten the recovery of
the reforested area towards an understory community
that might approach that of the old growth forest
(Hooper et al. 2002).

Diversity

Twelve tree species were found across the study sites
(ten and eight species in the old growth forest and in
the reforested area, respectively, Appendix Fig. Ala-b).
One-way ANOVA detected a significantly higher tree
diversity in the old growth forest than in the 11 year-old
reforested area (Fig. 5a).
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In contrast, 48 understory vegetation species were Fig. A2a-b). No significant differences in the diversity
found across the study sites (23 species in the old of understory vegetation cover in the two forest types
growth and 25 species in the reforested area, Appendix were detected using One-way ANOVA (Fig. 5b).
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Fig. 2. Non-metric Multidimensional Scaling (NMDS) (a) and Cluster (b) plots showing the
Bray-Curtis Similarities of transects sampled across the old growth (black circles) and
reforested area (grey squares), in terms of tree composition and relative abundance.
Transects that are close to each other on NMDS space indicate highly similar species

composition and relative abundance of those species, and transects farther from each
other indicate otherwise.
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Fig. 3. Non-metric Multidimensional Scaling (NMDS) (a) and Cluster (b) plots showing the
Bray-Curtis Similarities of transects sampled across the old growth (black circles) and
reforested area (grey squares), in terms of tree composition and relative size (.e.,
Diameter at Breast Height DBH in cm).



36

ANTICAMARA Jonathan A. et al. Eurasian J. For. Res.  15-1(2012)

Bray-Curtis Similarity (%)

)] Stress:0.14

0T ()

20T

40T

|

80

100-

Transect Samples

Fig. 4. Non-metric Multidimensional Scaling (NMDS) (a) and Cluster (b) plots showing the
Bray-Curtis Similarities of transects sampled across the old growth (black circles) and

reforested area (grey squares), in terms of understory vegetation composition and
percentage cover.
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Fig. 5. Barplots showing the mean values (standard errors SE) of the four measures of diversity
of trees (a) and understory vegetations (b) across all the transects sampled in the old
growth and reforested study sites. Also presented are the outputs of the One-way ANOVA
testing the differences in the four diversity indices between the old growth and reforested
sites (Fand Pvalues were presented for significant results).
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Table 1. Outputs from the Similarity of Percentage (SIMPER) Contribution analysis
detailing the contributions of the dominant tree species in average
dissimilarities of the species composition and relative abundance between
transects sampled from the old growth and reforested areas (Average
Dissimilarity = 84.45%; or Average Similarity = 15.55%)

Average

Average

0,
Species Abundance Abundance Dgs\,lifnr:e?:ty Contrfk;ution
(Old Growth) (Reforested)
Leptospermum 85 50.8 43.9 52.0
flavescens
Tasmannia 205 05 27.7 32.8
piperita
Pipturus cf 33 31 3.7
asper
Myrsine cf 29 0.2 2.7 3.2
apoensis

Table 2. Outputs from the Similarity of Percentage (SIMPER) Contribution
analysis detailing the contributions of the dominant tree species in
average dissimilarities of the species composition and relative size (DBH
in cm) between transects sampled from the old growth and reforested
areas (Average Dissimilarity = 86.36%; or Average Similarity = 13.64%)

(Reforested)
h’;‘\)/?:‘ciirsm“m 29.6 4.9 318 3.8
Myrica javanica 25.0 20.7 23.9
Eurya sp. 6.6 0.2 10.3 11.9
Cyathea sp. 6.8 7.4 8.5
Tasmannia piperita 4.0 0.6 4.7 5.4
Myrsine cf apoensis 3.2 0.5 3.8 4.4

Current Findings versus Published Literature

These results are consistent with similar studies
indicating that forests can quickly recover terms of
diversity indices (i.e., species richness), but the
composition and structure (e.g., dominance patterns in
terms of species’ relative abundance, size or DBH, or
percentage cover of understory vegetation) may take
some time to restore in disturbed forests, even for
relatively low diversity high altitude tropical forests
(Berry et al. 2010). The inadequacy of conventional
diversity metrics capturing recovery in reforested areas
or the impacts of anthropogenic disturbances was also
noted (Lewis 2009). Quantifying a more
comprehensive aspect and measure of forest recovery
(i.e., species richness, diversity, and dominance patterns
in terms of relative abundance and size) will provide
concrete guide for enhancing the effectiveness of forest

restoration (i.e., by knowing exactly which forest
diversity aspects to control for or enhance). In this
study, controlling Saccharum spontaneum cover and
augmenting the growth rates of Leptospermum
flavescens, seemed likely parameters to explore. Other
studies also indicated that assisted recovery is needed to
increase the speed of recovery in reforested areas
(Shono et al. 2007; Zanne and Chapman 2001). In other
tropical reforestation projects, shading of Saccharum
spontaneum was done to enhance the recovery of tree
species (Hooper et al. 2002). It is strongly suggested
that a comprehensive analyses of community
composition and structure should be applied to
reforestation projects in highly deforested tropics, such
as the Philippines. This will allow for insights to be
gained on how to exactly restore such deforested areas
to conditions similar to nearby old growth forests.
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Table 3. Outputs from the Similarity of Percentage (SIMPER) Contribution analysis detailing the
contributions of the dominant understory species in average dissimilarities of the species
composition and relative percentage cover between transects sampled from the old growth
and reforested areas (Average Dissimilarity = 71.21%; or Average Similarity = 28.79%)

A
_ verage Average Average %
Species v Cover % Cover Dissimilarity Contribution
(Old Growth) (Reforested)

Saccharum 19.0 35.2 25.2 35.3
spontaneum

Dennstaedtia sp. 1.0 16.8 16.3 22.9
Graminae sp. 5.6 5.1 7.1
Acrophorus nodosus 3.8 2.5 4.6 6.5
Dimorphanthera 29 05 28 39
apoana

Elatostema sp. 1.0 1.2 2.4 3.3
Sarcandra glabra 2.3 0.0 2.3 3.2
Juncus effusus 15 1.8 25
Selaginella sp. 1.6 1.4 2.0
Rubus cf fraxinifolius 0.2 0.8 1.0 15
Belvisia sp. 0.9 0.0 1.0 1.4

Future Research Directions

Ways for evaluating recovery in reforested areas in
high altitude tropical forests in the Philippines were
demonstrated. More importantly, factors and processes
(e.g., effects of biological and environmental seed
dispersers, or community interactions between trees,
understory vegetation, and associated fauna) should be
further explored to gain fuller insights of recovery in
reforested tropical forests. A more comprehensive
database of reforestation projects in the Philippines
should be developed, in order to gain comparative
analyses of the variations in the recovery of reforested
areas across the Philippines in relations to forest types,
elevation, and geographical locations — to further test
the effects of scale and site replications on the recovery
patterns that we observed.
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Fig. 1. Cumulative number of tree species found in every additional sample transects in Old
growth forests and 11-year old reforested area, based on 1000x permutations of transect
ordering (a); Cumulative number of understory vegetation found in every additional
sample transects in old growth forests and 11-year old reforested area, based on 1000x
permutations of quadrats ordering (b). Sampling unit (.e., transect and quadrat are

Total area sampled m?

presented as area surveyed). Error bars are standard deviations.
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Figure 2A
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Figure 2B
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Fig. 2. Size structure (i.e. mean DBH + SE) of tree species found in sampled transects within the
11-year old reforested site (A) and the old growth forest (B). Note the difference in y-axis
scales between Figures 2A and 2B.



