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Abstract. Buot Jr IE, Villanueva ELC, Origenes MG, Obefia RDR. 2023. Forests over limestone in Guiuan, Eastern Samar, the
Philippines: Species composition and influencing environmental factors. Biodiversitas 24: 5123-5136. Forests over limestone are
critical ecosystems providing numerous ecosystem services. However, the ecology of these ecosystems is less studied like the Guiuan
Marine Resource Protected Landscape and Seascape (GMRPLS) in Eastern Samar, Philippines which incidentally is affected by strong
typhoons. Studies on forests over limestone are even more essential to understand the vegetation ecology providing insights in crafting
appropriate management strategy to sustain ecosystem services. Hence, the study aims to identify the woody vegetation diversity and
composition of forests over limestone in GMRPLS, and to analyze the environmental factors influencing the physiognomy and ecology
of the forests. Standard vegetation techniques were used and a total of nine plots with size of 20 x 20m each were established to assess
the tree species (>1m height). Plant abundance data were recorded and computed. Soil samples were collected while climate data were
obtained from the Guiuan, Eastern Samar Weather Station. Cluster analysis using relative density of trees per plot was done in order to
identify major plant communities. Subsequently, a canonical correspondence analysis was carried out to pinpoint which environmental
variables influenced the plant data set. Results show a total of 37 species belonging to 17 families, with 18 species are listed under by
IUCN and seven species are listed by DAO 2017-11. Cluster analysis indicated 3 vegetation groupings or clusters named after the
dominant species per plot, namely Cluster | (Hancea-Calophyllum-Macaranga-Ficus-Gnetum), Cluster Il (Monoon-Wallaceodendron-
Artocarpus-Hancea-Bago-eho), and Cluster 1ll (Bridelia-Monoon-Neonauclea-Gnetum-Artocarpus-Sterculia-Hancea). GUI 02 plot
(Cluster 1) was observed as the most diverse with the highest Simpson’s index and Fisher’s alpha, as well as the highest in total number
of tree species. Canonical correspondence analysis indicated elevation, temperature and anthropogenic disturbances as the major factors
influencing the vegetation diversity and composition. This can be used to formulate forest management strategies for the sustainable

conservation of forests over limestone in GMRPLS.
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INTRODUCTION

The study of landscapes and seascapes have been quite
interesting recently (Buot 2008, 2010, 2014; IPSI 2014;
Buot and Rabena 2020; Buot et al. 2020; Buot and Buhay
2022; Buot and Buot 2022; Buot et al. 2022a; Pungetti
2022). This is particularly eminent to working landscapes
and seascapes, such as the Guiuan Marine Reserve
Protected Landscape and Seascape (GMRPLS) in Samar
Island, Central Philippines which has unique ecosystem of
forests over limestone. These landscapes are closely
associated with human activities (Buot and Osumi 2011;
Sopsop and Buot 2013; Concepcion et al. 2015; Wardle
2016; Médail 2017; Buot and Buhay 2022). In many parts
of southeast Asia, these landscapes and seascapes have
been overutilized, resulting in the degradation of natural
resources and hence the critical ecosystem services
beneficial for the neighboring human communities (Buot
and Osumi 2011; Huyen et al. 2020; Buot and Buhay 2022;
Pungetti 2022). The presence of intensive human activities
is an important part of this working landscape, or also
known as the socioecological production landscape and
seascape (SEPLS). In 2010, working landscape was one of

the important agenda of the Conference of the Parties
(COP) of the Convention on Biological Diversity (CBD) of
the United Nations (IPSI-UNU 2023), held in Nagoya,
Japan. In that same COP meeting (COP 10), SEPLS or
more popularly known as the Satoyama Initiative was
approved as a conservation strategy (IPSI-UNU 2023). The
initiative advocates for harmonious interaction between
humans and nature.

Since 2010, there have been several initiatives
launched, frameworks developed, and partnerships and
networks established by the International Partnership for
the Satoyama Initiative (IPSI) (IPSI-UNU 2023). Such
efforts are aimed to ensure the success of this global
initiative to hopefully diminish global species loss. More
data are needed from different ecosystems all over the
world in diverse contexts, to better understand human and
nature interaction leading to crafting of appropriate
sustainable biodiversity conservation management strategies.
One important ecosystem type is the forests over limestone,
which is quite extensive in the Philippines (Tolentino et al.
2019, 2020). It is one of the forest formation types in the
Philippine tropical rainforests (Fernando et al. 2008),
characterized by presence of caves, sinkholes, and aquifers
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(BMB-DENR 2019). The forests over limestone provide
unique ecosystem services to local communities including
provisioning (food and medicine, timber), regulating
(temperature regulation, carbon sequestration), and cultural
services (esthetics, recreational) (Hamilton-Smith 2001;
Clements et al. 2006; Struebig et al. 2009; BirdLife/FFI/
IUCN/WWF 2014; BMB-DENR 2019; Fernandez et al.
2020; Tolentino et al. 2019, 2020; Obefia et al. 2021;
Villanueva et al. 2021a, b). It is also home to unique flora,
fauna, and microbes which have coadapted and coevolved
in this stressful environment (Hamilton-Smith 2001;
Fernando et al. 2008; Tolentino et al. 2019, 2020; Obefia et
al. 2021; Villanueva et al. 2021a, b). The forests over
limestone, or kaigangan in the local Waray language, in
Samar Island is one of the most extensive ecosystem types,
not only in the Philippines, but in the entire Southeast Asia.
The Guiuan Marine Resource Protected Landscape and
Seascape (GMRPLS) of Eastern Samar is an interesting
one. It is very near the beach and one can hear the
splashing sound of the waves. However, due to the
unfortunate geographic location of GMRPLS, along the
Pacific Ocean, it is often visited by strong typhoons, storm
surges and tsunamis, rendering the entire protected landscape
being vulnerable to disturbances (Fernandez et al. 2020).
Few studies have been conducted on forests over
limestone in the Philippines, including inventory and
assessment of biodiversity in Samar Island Natural Park
(Fernandez et al. 2020; Obefia et al. 2021; Villanueva et al.
2021a, b). Other studies were also conducted in different
areas such as in Cebu (Cadiz and Buot 2009, 2010; Lillo et
al. 2019, 2020a, b, c; Malaki et al. 2020a, b) and Verde
Island Passage, Batangas (Caringal et al. 2019, 2021). Such
forests over limestone have common problems, i.e., threat
from anthropogenic activities such as mining, rapid land-
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use conversion, illegal hunting/poaching, and over-
extraction of timber products (Clements et al. 2006;
Struebig et al. 2009), resulting in forest fragmentation and
species loss (Tolentino et al. 2020).

Among the studies, none had focused on typhoon-
ravaged landscape like that of the Guiuan Marine Resource
Protected Landscape and Seascape (GMRPLS), where
environmental stresses had been doubly intensified. Hence,
the current paper aims to assess the woody vegetation
diversity and composition of forests over limestone in
GMRPLS and to analyze the environmental factors
influencing the characteristic physiognomy of GMRPLS.
Results of this study will enhance our understanding on the
vegetation of forests over limestone, particularly those
under threat of typhoon and storm surges besides threat
from human disturbances. Such understanding can help us
craft sustainable biodiversity conservation strategies
appropriate for the locality.

MATERIALS AND METHODS

Study area and period

This research was conducted from September to
October 2019 in a socioecological production landscape
and seascape (SEPLS) located in four barangays of the
municipality of Guiuan, namely Pagnamitan, Baras, Ngolos,
and Sulangan. These barangays are part of the Guiuan
Marine Resource Protected Landscape and Seascape
(GMRPLS), which is located off the coast of Guiuan at
11.0319° N latitude and 125.7261° E longitude. It is
situated on the southernmost edge of the province of
Eastern Samar, between the Leyte Gulf and the Philippine
Sea, facing the Pacific Ocean (Figure 1).
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Figure 1. Map showing the location of the nine sampling plots in Guiuan, Eastern Samar, Philippines
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The GMRPLS includes the coastal areas of Guiuan and
its neighboring islands, as well as other small islands and
their adjacent reefs, with a total area of 60,448 hectares
(Fernandez et al. 2020). Additionally, the study sites are
part of the declared protected landscape/seascape under the
National Integrated Protected Areas System (NIPAS) Act of
1992 by Presidential Proclamation No. 469 series of 1994.
People living close to the shore are dependent on marine
resources through fishing, while those living in the inland
are dependent on farming and other activities.

The study location has a Type Il climate, with a
prominent maximum rain period from December to
February (UN WATER 2018). The municipality of Guiuan
has no clear dry season the whole year round. Based on
Guiuan weather stations, the lowest rainfall was recorded
from April to October, and highest rainfall was recorded
from December to January. The area has an average annual
rainfall of 3146.6 mm (DA 2018) and an average
temperature of 27.6°C based on the Philippine Atmospheric,
Geophysical and Astronomical Services Administration
(PAGASA). The island, which is very close to the eastern
coast, is vulnerable to the northeastern monsoon and falls
within the typhoon belt.

Floral diversity assessment

A total of nine 20 m x 20 m vegetation sampling plots
were set up across the four barangays as mentioned above
where biophysical characteristics such as heterogeneity in
terms of biota, topography, elevation, and the presence of
anthropogenic disturbances were considered (Fernandez et
al. 2020). These areas were chosen because they are part of
Calicoan Island, the largest continuous forest over limestone
area in the GMRPLS.

Trees (>1 m height) and shrubs inside each plot were
recorded and identified using keys and botanical literature.
The nomenclature follows the study of Buot et al. (2022b)
and Villanueva et al. (2022) in identifying plants. VVoucher
specimens of the unidentified plants were deposited at
Plant Systematic Laboratory’s Plant Biodiversity Division
Herbarium (PBDH), Institute of Biological Sciences, College
of Arts and Sciences, University of the Philippines Los
Bafios, Laguna, Philippines (Fernandez et al. 2020).

The documented species were then categorized based
on their conservation status using the DENR Order No. 11
of 2017 (Updated National List of Threatened Plants and
their Categories) and the IUCN Red List of threatened
species (IUCN 2022).

Structural characteristics analysis
Vegetation analysis

Field data were collated and analyzed to characterize
the floral composition in the study area. The following
formula were used to calculate the relative density, relative
dominance, and relative frequency of woody species
(Mueller-Dombois and Ellenberg 1974):

Number of individuals of a species
Total area of sampling

Density =

Density of a species
- — X
Density of all species

Relative density =
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Number of plots of which a particular species occurs
Total number of plots

Frequency =

Frequency of a species
Sum frequency of all species

Relative Frequency =

Circumference?

Basal Area =
4

. Basal area of a species
Relative Basal Area = — x 100
Total basal area of all species

Dominance analysis
Dominant species were determined using the dominance
analysis of Ohsawa (1984):

I ——

ieT JEU

Where: d is the deviation between the actual relative
density values and the expected share of corresponding co-
dominant-number model, N is the total number of species,
x; is the actual percent share (relative density) of the top
species T, x is the ideal percent share based on the model,
and x; is the percent share of the remaining species U.

The equation demonstrates that the ideal dominance
(the expected share) of a single species was based on the
study of Ohsawa (1984), including the number of dominating
species, which was determined by the one with the lowest
deviation value.

Cluster analysis

The identification of the major plant communities in
forests over limestone of GMRPLS was based on the
cluster analysis using the relative density values. Datasets
were calculated using the Paleontological Statistics (PAST)
Software (Hammer 2001). The unweighted pair-group
method with arithmetic mean (UPGMA) and Jaccard
similarity index were then used to generate the dendrogram.

The species diversity of each identified zone was also
examined. Diversity indices such as Shannon-Wiener
index, Simpson's diversity index, and Fisher's alpha were
also computed and graphed.

Species environment interaction analysis
Soil sampling

Following the methods of Villanueva et al. (2022),
three (3) replicates of soil samples from the topsoil layer of
around 30-cm depth and weighing 1kg were collected from
each study plot in GMRPLS. These samples were
homogenized per plot and submitted for soil analysis to the
Analytical Services Laboratory of the Agricultural Systems
Institute, College of Agriculture and Food Science (CAFS-
ASI), of the University of the Philippines Los Bafos
(UPLB) for soil analysis (Villanueva et al. 2022).

Climate data

The climate data set of Samar Island was obtained from
PAGASA. Information on monthly temperature and rainfall
data came from Guiuan weather stations of PAGASA, the
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closest to the study sites of the project. A climograph
(Walter-Lieth diagrams) of Guiuan was created using
climatol package (Guijarro 2019) through R version 3.6.1
(R Core Team 2019), which includes the average monthly
temperature and rainfall data for 25 years.

Canonical correspondence analysis

To determine the interaction between the tree species
(relative density values) and the prevailing physical
environment variables, canonical correspondence analysis
(CCA) was used (Villanueva et al. 2022). Influences from
environmental variables, such as temperature, elevation and
quantitative edaphic variables, and the presence and
absence of anthropogenic disturbance were subjected to
analysis along with the woody vegetation data per plot.
From these data, a CCA ordination diagram was created
using Paleontological Statistics (PAST) Software (Hammer
2001). Temperature at different elevation levels was
extracted from the climatic data obtained from PAGASA
and assumed based on Sarmiento (1986) that there is a
corresponding decrease of 0.6°C in temperature for every
100-meter elevation rise. Rainfall data was removed from
the analysis since there is only one rainfall data entry in the
nine plots, resulting in an error indicating that the standard
deviation for rainfall is zero.

RESULTS AND DISCUSSION

Woody vegetation composition in GMRPLS

Results showed that in the study plots there were 29
plant species identified belonging to 17 families, with 11
endemic species. Eight species are yet unidentified making
a total count of 37. Among the 37 species, some were
classified as threatened, i.e. 18 by IUCN and 7 by the
Philippine DAO 2017-11 (Table 1). The species listed in
IUCN are Hancea wenzeliana (Slik) S.E.C.Sierra, Kulju &
Welzen (Critically Endangered), Shorea astylosa Foxw.
(Endangered), 3 Vulnerable species, Heterospathe intermedia
(Becc.) Fernando, Palaquium luzoniense (Fern.-Vill.) Vidal
and Aquilaria cumingiana (Decne.) Ridl. (Vulnerable), and
13 Least Concern species. On the other hand, species under
DAO 2017-11, include Shorea astylosa as Critically
Endangered, four species classified as Vulnerable (VU) i.e.,
Shorea negrosensis Foxw., Wallaceodendron celebicum
Koord., Palaquium luzoniense (Fern.-Vill.) Vidal and
Aquilaria cumingiana (Decne.) Ridl. and two other
threatened species.

There is a need to monitor these species in the GMRPLS.
They are major components in many tropical ecosystems
(Caringal et al. 2019, 2021; Villanueva et al. 2022) and as
such they contribute to ecosystem stability and resilience,
enhancing the overall ecosystem services. However,
because they are useful to humans and communities (Buot
et al. 2022c), they are extremely vulnerable to gradual
decrease in number and if unattended they can be locally
extinct. The result of this study which recorded several
threatened species implies that there is a need to prevent
species loss and extinction by all means. Furthermore,
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biodiversity loss in the GMRPLS might affect the adjacent
communities benefiting the ecosystem services it provides.

Table 2 shows the composition of tree species in the
sampling plots in the GMRPLS including information on
basal area, density and frequency and the corresponding
relative values. Among all the species recorded, M.
oblongifolium had the highest number of individuals
(n=206) with relative density of 19.62%. In terms of relative
basal area (RBA), S. comosa, H. wenzeliana, A. scholaris,
Bago-eho and W. celebicum were the top 5 dominant
species. On the other hand, in terms of relative density (RD),
M. oblongifolium, B. glauca, H. wenzeliana, A. rubrovenius,
and G. gnemon were the top 5 dominants. Finally in terms
of frequency or occurrences, M. oblongifolium, H. wenzeliana,
G. gnemon, S. comosa, B. glauca, and A. cumingiana are
the top dominant species. These dominant species imply
that they have been well-adapted to the environmental
conditions in the area and demonstrated their capacity to
exploit available resources in the forests over limestone in
GMRPLS. In future landscape planning, such as building of
biodiversity corridors and reforestation, it would be best to
consider these dominant vegetation.

Clusters of vegetation in forests over limestone in
GMRPLS

Cluster analysis of woody species was done to identify
plant communities in the sampling plots of GMRPLS. The
result showed three clusters of vegetation based on relative
density values, at a similarity index of around 0.4 (Figure
2). Each cluster was named based on the dominant species
per plot (see Table 2 and Figure 2). Cluster | is named
Hancea-Calophyllum-Macaranga-Ficus-Gnetum  Cluster.
On the other hand, Cluster Il is named Monoon-
Wallaceodendron-Artocarpus-Hancea-Bago-eho  Cluster,
while Cluster 111 is named Bridelia-Monoon-Neonauclea-
Gnetum-Artocarpus-Sterculia-Hancea Cluster.

Cluster I: Hancea - Calophyllum-Macaranga-Ficus-
Gnetum

Cluster | (Figure 2) was observed at two (2) plots,
namely the GUI 01(92 - 94 m asl) and GUI 02 plots (90-93
m asl), with a similarity index of around 0.58. These plots
were situated at the highest elevation among the other
sampling plots ranging from 90-94 m asl. The dominant
species based on relative density were Hancea wenzeliana,
Calophyllum soulattri, M. tanarius, F. ampelas, and G.
gnemon. This cluster had the highest number of species (23
species), the most diverse (H’=2.521), as well as highest in
Simpson 1-D and Fisher’s alpha diversity index (see Table
3). The highest DBH value on this cluster was 63.66 c¢cm
(W. celebicum) and the maximum height was 27 m (M.
tanarius). This cluster also had the smallest number of
individuals per hectare (2562.5). Figure 3 shows the general
physiognomic characteristics of the vegetation in Cluster |
where there were observable small stems common in the
entire Guiuan forests over limestone, which could be due to
the numerous limestones scattered in various plots.
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Table 1. List of vascular plants recorded in the forests over limestone of GMRPLS, Eastern Samar, the Philippines and their

conservation status

Conservation

Family | scientific name Common name Exsiccata Habit statusD Er_1c!e-
IUCN a0 micity
2017-2011
Spermatophyta: Gymnospermae

Gnetaceae

Gnetum gnemon L. Bago Obefia 7073 (PBDH) T LC NE N

Spermatophyta: Angiospermae

Annonaceae

Monoon oblongifolium (C.B.Rob.) B.Xue & Lapisan Obefia 7164 (PBDH) T - NE E

R.M.K.Saunders
Apocynaceae

Wrightia sp. Hamor-awon Obefia 7083 (PBDH) T - NE -

Alstonia scholaris (L.) R. Br. Dita Obefia 7081 (PBDH) T LC NE N
Avrecaceae

Saribus rotundifolius (Lam.) Blume Anahaw Obefia 7040 (PBDH) T - OTS N

Heterospathe intermedia (Becc.) Fernando Banga Obefia 7076 (PBDH) T VU - E

Caryota rumphiana Mart. Pugahan/ Tagabunga Obefia 7087 (PBDH) T LC NE N
Clusiaceae

Calophyllum soulattri Burm.f. Pamintaogon Obefia 7128 (PBDH) T LC - N
Cornaceae

Mastixia sp. Tul-anan Obefia 7148 (PBDH) T - NE -
Dipterocarpaceae

Shorea astylosa Foxw. Yakal Obefia 7151 (PBDH) T EN CR E

Shorea negrosensis Foxw. Red lauan Obefia 7122 (PBDH) T LC VU E
Euphorbiaceae

Hancea wenzeliana (Slik) S.E.C.Sierra, Kulju & Welzen Apanang Obefia 7072 (PBDH) T CR NE E

Macaranga tanarius (L.) Mull.Arg. Binunga Obefia 7085 (PBDH) T LC NE N
Fabaceae

Wallaceodendron celebicum Koord. Banuyo/ Salukigi Obefia 7077 (PBDH) T - VU N
Lauraceae

Nothaphoebe leytensis (Elmer) Merr. Bagubahi Obefia 7075 (PBDH) T - - E
Malvaceae

Sterculia comosa Wall. Balinad - T LC NE N
Moraceae

Artocarpus blancoi (Elmer) Merr. Antipolo - T LC NE E

Artocarpus rubrovenius Warb. Tugop Obefia 7147 (PBDH) T - oTS E

Ficus ampelas Burm.f. Lanete Obefia 7084 (PBDH) T LC NE N

Ficus minahassae (Teijsm. & Vriese) Miq. Hagimit Obefia 7082 (PBDH) T LC NE N

Ficus sp. (1) Dalakit Obefia 7079 (PBDH) T - NE -
Pandanaceae

Benstonea copelandii (Merr.) Callm. & Buerki Bariw S LC - E

syn.: Pandanus copelandii Merr.
Phyllanthaceae

Bridelia glauca Blume Anislag Obefia 7102 (PBDH) T LC NE N
Rubiaceae

Neonauclea formicaria (Elmer) Merr Hambabalud Obefia 7045 (PBDH) T LC - E
Sapotaceae

Palaquium sp. Bagotambis Obefia 7074 (PBDH) T - NE -

Palaquium luzoniense Nato Obefia 7086 (PBDH) T VU VU N
Thymelaeaceae

Aquilaria cumingiana (Decne.) Ridl. Agar/ Lapnisan Obefia 7070 (PBDH) T VU VU N

Gonystylus reticulatus (Elmer) Merr. Batuan - T - NE E
Unidentified Bago-eho Obefia 7095 (PBDH) T - - -
Unidentified Bayarong Obefia 7078 (PBDH) T - - -
Unidentified Dalunutan Obefia 7080 (PBDH) T - - -
Unidentified Amahoyan - T - - -
Unidentified Atipon - T - - -
Unidentified Bagnaw - T - - -
Unidentified Kuyakya - T - - -
Unidentified Lubi - T - - -

Note: Habit: (T: tree, S: shrub); Conservation status: (CR: Critically Endangered, EN: Endangered, VU:
Threatened Species, LC: Least Concern; NE: Not evaluated); Endemicity: (E: Endemic and N: non-endemic)

Vulnerable, OTS: Other
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Table 2. Vegetation composition and characteristics in the forests over limestone in GMRPLS, Eastern Samar, the Philippines

Family | scientific name BA RBA D RD F RF
Annonaceae
Monoon oblongifolium (C.B.Rob.) B.Xue & R.M.K.Saunders 0.55 5.06 0.0572 19.62 089 7.48
Apocynaceae
Alstonia scholaris (L.) R. Br. 0.79 7.22 0.0036 1.24 0.33 2.80
Wrightia sp. 0.004 0.04 0.0006 0.19 0.11  0.93
Arecaceae
Caryota rumphiana Mart. 0.004 0.04 0.0003 0.10 0.11 0.93
Saribus rotundifolius (Lam.) Blume 0.02 0.15 0.0003 0.10 0.11 0.93
Heterospathe intermedia (Becc.) Fernando 0.02 0.17 0.0028 0.95 0.33 2.80
Clusiaceae
Calophyllum soulattri Burm.f. 0.19 1.72 0.0094 3.24 0.22 1.87
Cornaceae
Mastixia sp. 0.12 1.13 0.0008 0.29 0.11  0.93
Dipterocarpaceae
Shorea negrosensis Foxw. 0.004 0.03 0.0011 0.38 0.22 1.87
Shorea astylosa Foxw. 0.23 2.10 0.0003 0.10 0.11 0.93
Euphorbiaceae
Hancea wenzeliana (Slik) S.E.C.Sierra, Kulju & Welzen 0.86 7.88 0.0347 11.90 0.89 7.48
Macaranga tanarius (L.) Mill.Arg. 0.34 3.09 0.0114 3.90 044 374
Fabaceae
Wallaceodendron celebicum Koord. 0.77 7.04 0.0136 4.67 0.22 1.87
Gnetaceae
Gnetum gnemon L. 0.08 0.69 0.0164 5.62 0.89 7.48
Lauraceae
Nothaphoebe leytensis (EImer) Merr. 0.04 0.36 0.0014 0.48 0.11  0.93
Malvaceae
Sterculia comosa Wall. 1.34 12.25 0.0103 3.52 0.67 561
Moraceae
Artocarpus blancoi (EImer) Merr. 0.32 2.95 0.0008 0.29 0.11 0.93
Artocarpus rubrovenius Warb. 0.67 6.11 0.0203 6.95 0.56 4.67
Ficus ampelas Burm.f. 0.27 2.48 0.0075 2,57 0.33 2.80
Ficus minahassae (Teijsm. & Vriese) Miq. 0.73 6.68 0.0083 2.86 0.56 4.67
Ficus sp. 0.24 2.23 0.0028 0.95 044 374
Phyllanthaceae
Bridelia glauca Blume 0.60 5.46 0.0450 15.43 0.67 5.61
Rubiaceae
Neonauclea formicaria (Elmer) Merr. 0.11 1.05 0.0133 4.57 033 2.80
Sapotaceae
Palaquium sp. (1) 0.002 0.01 0.0006 0.19 022 187
Palaquium luzoniense 0.42 3.84 0.0025 0.86 022 187
Thymelaeaceae
Aquilaria cumingiana (Decne.) Ridl. 0.21 1.91 0.0072 2.48 0.67 5.61
Gonystylus reticulatus (Elmer) Merr. 0.07 0.62 0.0022 0.76 022 187
(Unid) Amahoyan 0.004 0.04 0.0003 0.10 0.11 0.93
(Unid) Atipon 0.07 0.67 0.0006 0.19 022 187
(Unid) Bagnaw 0.12 1.14 0.0014 0.48 0.11 0.93
(Unid) Bago-eho 0.78 7.08 0.0092 3.14 056 5.61
(Unid) Bayarong 0.56 5.07 0.0031 1.05 044 374
(Unid) Dalunutan 0.19 1.77 0.0011 0.38 0.11 0.93
(Unid) Kuyakya 0.07 0.60 0.0008 0.29 0.11  0.93
(Unid) Lubi 0.15 1.33 0.0006 0.19 0.11  0.93
Total 100 100

Note: Unid: unidentified species; BA: basal area; RBA: relative basal area; D: density; RD: relative density; F: frequency; RF: relative
frequency

Table 3. Diversity indices of trees per plot in the forests over limestone in GMRPLS, Eastern Samar, the Philippines

Index GUIOL GUI02 GUIN3 GUID4 GUIOS GUI06E GUIO7 GUIB GUI09
Elevation (m asl) 92-94 90-93 82-85 49-53 62-66 72-80 68-78 31-38 57-61
Number of species 15 23 7 13 9 10 12 8 10
Number of individuals 61 144 110 105 147 172 141 63 107
Shannon-Wiener Index (H”) 1.981 2.521 1.252 2.279 1.476 1.875 1.688 1.582 1.7
Simpson 1-D 0.7536 0.8848 0.6428 0.8791 0.6742  0.8146 0.7547 0.7473 0.7407

Fisher’s alpha (o) 6.353 7.724 1.664 3.906 2.115 2.314 3.135 2.429 2.699
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Number of individuals per hectare 2562.5 2641.7 3300

Figure 2 . Dendrogram of the nine sampling plots in the forests over limestone of GMRPLS, Eastern Samar, the Philippines, showing
the dominant tree species and the community structural features of each cluster

Cluster Il: Monoon-Wallaceodendron-Artocarpus-Hancea-
Bago-eho

Cluster Il (Figure 2) has a similarity index of 0.61,
which comprised three plots, namely GUI 09, GUI 08, and
GUI 05, with elevations ranging from 31-66 m asl. The
dominant species based on relative density were Monoon
oblongifolium, Wallaceodendron celebicum, Artocarpus
rubrovenius, Hancea wenzeliana, and Bago-eho (unidentified
species).

The general physiognomic characteristic of Cluster Il
vegetation is shown in Figure 4. Again, there is this
prominent small stem dominating the landscape. This
cluster has the highest DBH value of 54.11 cm (Shorea
astylosa and Palaquium luzoniense) and the maximum
height value was 20 m (Lubi and bago-eho). It can be noted
that both Shorea and Palaquium are listed as threatened
species.

Cluster I11: Bridelia-Monoon-Neonauclea-Gnetum-
Artocarpus-Sterculia-Hancea

Cluster 11l (Figure 2) has a similarity index of around
0.5 and comprised of four plots (i.e. GUI 07, GUI 06, GUI
04, and GUI 03) with elevations ranging from 49-85 m asl.
The dominant species based on relative density were

Bridelia glauca, Monoon oblongifolium, Neonauclea
formicaria, Gnetum gnemon, Artocarpus rubrovenius,
Sterculia comosa, and Hancea wenzeliana. This cluster had
the maximum DBH value of 63.66 cm for Artocarpus
blancoi, Sterculia comosa and Ficus minahassae species.
The maximum height was 20 m for the species Artocarpus
blancoi, Sterculia comosa, Bridelia glauca and Ficus sp.
Moreover, this cluster had the highest number of
individuals per hectare (3300). Figure 5 shows the general
vegetation growth pattern of Cluster 11l plots. Indeed,
Guiuan Marine Resource Protected Landscapes and Seascapes
vegetation is typical of younger forests over limestone
characterized by small stems growing over rocky substrates
with shallow soil layer.

Environmental variables influencing the typical
physiognomy of GMRPLS

The ordination diagram of CCA analysis shows the
environmental factors (e.g., temperature, elevation,
disturbance, and 14 edaphic variables) that may have an
influence on the structure and function of the forests over
limestone in the GMRPLS (see Figures 6, 7 and Table 4). It
illustrates the ordination plot with species (blue circles),
sampling plots (red squares) and the environmental variables
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(arrows). The pattern of community variation illustrated in
the ordination diagramis more closely related to
environmental variables with long arrows than those with
short arrows (ter Braak 1987). Different species found in
different sampling plots in GMRPLS responded differently
to the environment and their community structure changes
with the seasons. As represented by long arrows, elevation
and temperature were found to be the most important
physical factors shaping the vegetation structure of
GMRPLS. It was then followed by disturbances and other
edaphic factors such as Na, Cu, pH, and Mn. Other factors,
despite their lesser significance, have indirect and multiple
effects on the distribution of some species in GMRPLS.
Elevation is one of the major factors influencing
vegetation structure of GMRPLS, which is also positively
correlated with Cu and less correlated with other edaphic
factors, as shown in Figure 6. In a more detail, elevation
has a significant influence on the species distribution found
in plots GUI 03, GUI 05, GUI 06, and GUI 07 and is
negatively correlated with plots in GUI 09, GUI 01, GUI
04, and GUI 02, which are found at elevations ranging
from 49 to 94 meters above sea level. Elevation was found
to be less significant in the GUI 08 plot, which has the
lowest elevation and was more-affected by disturbances.
GUI 01 and GUI 09 were two other plots that were
influenced by human activity (see Table 4). It was noticed
that the number of individual species decreased dramatically
in the GUI 01 plot, which has the highest elevation of all
sampling plots. Our analysis revealed that an increase in
disturbances may result in a decrease in species diversity.
Anthropogenic disturbances have influenced vegetation
in tropical forests of the Philippines particularly in
GMPLRS. Human disturbances are widely believed to
reduce species richness in tropical forest landscapes (Buot
and Osumi 2011; Sopsop and Buot 2013; Nguyen et al.
2015; Imani et al. 2016; Van and Cochard 2017; Cabrera et
al. 2018; Gilbert et al. 2020), as observed in the disturbed
plots, such as GUI 08 (lowest elevation) and GUI 01
(highest elevation) (see Table 4). The results of this study
agree with the findings of Sopsop and Buot (2013) in the
Aborlan Guba System, that the lowest and highest portions
of the forest experienced the greatest degree of human
disturbance, with the former heavily impacted by kaingin
farming or shifting cultivation and the latter by clearing
due to resource harvesting. Similarly, Casas and Baguinon
(2009) found that the number of tree species was lowest in
areas with human activity on Samar Island Forest Reserve.
Human impact on tropical mountain forests, such as
logging and forest clearing for agriculture have transformed
large portions of these ecosystems into human-dominated
forest landscapes (Laurance et al. 2014; Chen et al. 2015;
Newbold et al. 2015; IPCC 2019; Gao et al. 2019; Rana et
al. 2019; Xu et al. 2019; Aureo et al. 2021). Globally, the
magnitude and direction of changes in species richness are
strongly influenced by the type, intensity, severity, frequency,
and timing of disturbances (Buot and Osumi 2011; Sopsop
and Buot 2013; Newbold et al. 2015; Barlow et al. 2018).

BIODIVERSITAS 24 (9): 5123-5136, September 2023

Figure 3. Cluster | vegetation in the forests over limestone of
GMRPLS documented in GUIO1 and GUIO02 plots

Figure 4. Cluster Il vegetation in the forests over limestone in
GMRPLS documented in GUI09, GUI08, and GUI05 plots

Figure 5. Cluster 11l vegetation in the forests over limestone of
GMRPLS documented in GUI0O7, GUI06, GUIO4, and GUIO3
plots


https://onlinelibrary.wiley.com/doi/full/10.1111/avsc.12465#avsc12465-bib-0063

Table 4. Environmental conditions of the observation plots in the forests over limestone of GMRPLS

Plot pH OM N P EC K Na Ca Mg Fe Zn Cu Mn Cl Elevation Temperature (°C) Disturbance
GUI01 76 66.55 1.07 626 872 0.5 2.66 31.02 6.16 6.92 20.33 1.81 8.83 752 93.4 27.40 1
GUI 02 6.7 10.91 0.57 17 547  0.17 1.07 13.42 2.04 4.98 1.33 81.51 86.78 537 91.15 27.41 0
GUI 03 A4 9.66 0.5 813 451 0.11 0.8 11.31 2.43 7.95 6.31 123.29 128.41 376 83.23 27.46 0
GUI 04 66 1031 062 195 209 0.17 0.87 13.05 237 1558 0.93 10161  107.05 591 50.87 27.65 0
GUI 05 6.3 7.65 0.43 17 171 008 0.51 8.12 1.77 11.06 0.17 96.24 102.08 376 64.57 27.57 0
GUI 06 65 1148 069 177 46 025 1.04 1371 334 9.63 0.96 16794 166,59 537 76.7 27.50 0
GUI 07 6.7 9.78 0.52 27 578 0.13 1.08 10.07 3.62 14.16 2.36 2.09 160.95 430 73.81 27.52 0
GUI 08 7.1 10.48 0.59 44 314 0.24 1.94 11.72 3.25 14 2.24 145 82.3 537 34.8 27.75 1
GUI 09 7.6 11.18 0.7 126 127 0.21 1.29 15.23 1.64 2.01 0.09 34.76 37.7 269 58.81 27.61 1

Note: Disturbance: (0: Absence, 1: Presence)
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Guiuan, Eastern Samar [11.04 N,125.75 E] (60 m)
1989-2018 27.6C

3150 mm
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Figure 7. Average monthly temperature and rainfall data for the
last 25 years for Guiuan, Eastern Samar. The data used for this
climogram were obtained from PAGASA

Temperature is another important factor influencing the
vegetation structure of GMPRLS (Figure 7). It influences
the survival, growth, reproduction, and distribution of
plants (Urban 2015; Howard et al. 2019; Kaspari et al.
2019). Temperature is positively correlated with Fe,
disturbances, and the sampling plot GUI 08, with Nato and
Bago-eho as dominant species. GUI 08 plot was located at
the lowest elevation and had the second lowest number of
species and individuals, and it was impacted by disturbances.
Similar findings were also observed in Mount Pulag (Buot
and Okitsu 1998, Aborlan Guba System (Sopsop and Buot
2013), and Mount llong in Halcon Range, Mindoro Island
(Villanueva and Buot 2018).

Some edaphic factors, such as Na, Cu, pH, and Mn
(represented by long arrows), have an impact on the
vegetation structure of GMRPLS (Figure 6). Soil analysis
revealed differences in soil chemical properties between
sampling plots (Table 4), which can subsequently influence
vegetation structure (Becknell and Powers 2014; De Jager
et al. 2015; Rodrigues et al. 2016; Idowu et al. 2020;
Bafiares-de-Dios et al. 2022). As shown in Figure 6, Cu is
correlated with sampling plots GUI 05, GUI 06, GUI 07,
and GUI 03. However, it was observed that only GUI 06
had the highest Cu (167.94). In terms of soil pH, GUI 02
and GUI 04 plots were found to be slightly acidic, with pH
values ranging from 6.6 to 6.7, while GUI 01 (7.6) and
GUI 09 plots (7.6) had the highest pH value. Calubaquib et
al. (2016) stated that the acidic nature of soils is induced by
the extensive leaching of basic cations caused by too much
rainfall. Karst surface deposits high pH, a low organic
matter content, and a heterogeneous land surface (Abe et
al. 2018). Furthermore, Mn influences sampling plots GUI
05 and GUI 03 and is less correlated with GUI 06, highest
Mn (166.59) and GUI 07 sampling plots. In the study of
Villanueva and Buot (2018), edaphic factors such as soil
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pH and nutrient levels were found to vary across an
altitudinal gradient on Mt. llong, resulting in the delineation
of tree communities reflecting different land use types.

The biplot shows 48.46% of the variations and patterns
explained in the analysis. However, the remaining proportion
of unexplained variations could be caused by other
environmental factors that were not sampled or considered
and could potentially explain the variation but were not
included in the analysis. In general, the distribution of tree
species in tropical ecosystems is the result of the interaction
of multiple environmental factors that limit species
distribution simultaneously (Diez et al. 2014; Keane 2017
Pham et al. 2021; He et al. 2022). This study provides an
overview of the factors influencing vegetation in the forests
over limestone of GMRPLS wusing the canonical
correspondence analysis, and to some extent depth
investigation on temperature, elevation and particularly,
disturbance. These three major influencing environmental
conditions along with the edaphic factors can be used to
formulate management strategies for the sustainable
conservation of forests over limestone in a typhoon
ravished Guiuan, Samar Island.

In conclusion, the composition, distribution, and
diversity patterns of species were investigated at nine
sampling plots of forests over limestone in GMRPLS,
which were mostly located at low elevations ranging from
31 to 94 m asl. There were 37 species belonging to 17
families, with 18 species on IUCN Red List and 7 species
on Philippines’ DAO 2017-11 Red List. GUI 02 plot was
the most diverse, with the highest Simpson’s index and
Fisher's alpha, as well as the highest total number of tree
species. The findings show the effects of anthropogenic
activities on the abundance of species in disturbed plots.
The number of individual species in GMRPLS plots GUI
08 (lowest elevation) and GUI 01 (highest elevation)
decreased dramatically due to human disturbances. This
finding implies that, despite the fact that the GMRPLS is a
protected area, the species composition is changing over
time as a result of threats and human disturbances. Other
changes in the wvegetation structure of species can be
explained by the combined effect of elevation and
temperature, which are the major factors influencing the
vegetation structure of GMRPLS. Edaphic factors also
contributed to the overall ecosystem structure in the Guiuan
forests over limestone. The current study has provided
valuable information which will serve as baseline for
developing priorities for effective conservation and
increased protection of GMRPLS.
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