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Macrofloral species richness, relative density, relative abundance
and diversity index of the protected forest and riverine ecosystems
of Bulabog-Putian Natural Park, Dingle, lloilo, Philippines were
determined employing the modified quadrat method. There were
68 families, 170 genera, and 218 plant species listed in the entire
study area of 0.16 hectare. The riverine ecosystem had a higher
species richness (S=137) compared with the protected forest
ecosystem (S=126). The top three major families observed in
the protected forest ecosystem were Euphorbiaceae, Moraceae,
and Annonaceae families and for the riverine ecosystem they
were the Moraceae, Poaceae, Euphorbiaceae and Papilionaceae
families. Plant genera that belong to the families Euphorbiaceae
and Annonaceae dominated the protected forest ecosystem and
the plant genera belonging to families Poaceae and Cyperaceae
dominated the riverine ecosystem.

Relative abundance in the herb-dominated riverine ecosystem
was significantly higher than that of the tree-dominated protective
forest ecosystem with values of 43,466 and 7,007 individuals,
respectively. Computed diversity index was higher in the riverine
ecosystem (H'=3.30) than the protected forest ecosystem (H'=2.69),
both categorized as areas of moderate level of species diversity.
In the entire study area, 28 (12.84%) plant species are known to
have threatened conservation status; three of these are critically
endangered, namely kamagong (Diospyros philippensis Desr.)
Gurke), prickly narra (Pterocarpus indicus Willd. forma echinatus),
and red lauan (Shorea negrosensis Foxw.). Endemic plant species
were inventoried that need to be conserved and protected.

This study provides comprehensive baseline information on the
macrofloral diversity of Bulabog-Putian Natural Park. Data gathered
from this study will enhance knowledge on biodiversity for the local
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or national government to implement strong conservation and
protection programs for the endemic and indigenous plant species
in their natural habitat and to prevent biodiversity loss that may be
aggravated by climate change.

KEYWORDS: Macroflora, diversity, protected forest, riverine,
species richness, diversity index, endemic species, threatened
species.

INTRODUCTION

of species richness, ecosystem diversity or genetic variation

(Orourke, 2006). It plays an important role in sustaining life
on Earth. It supplies a diverse range of products and services of
immense economic value (Holdgate, 1996). It can significantly
reduce the risk of damage caused by climate change to ecosystems
by protecting forest ecosystems and increasing the size of existing
carbon pools to reduce greenhouse emissions (Uriarte, 2009). Thus,
promoting biodiversity conservation coupled with planting of
trees is one practical action or solution to climate change (Fuentes,
2009). On the other hand, poor management of land and plant
species in both the forest and adjacent river ecosystems could lead
to loss of biodiversity (Dynesius, 2004).

Species richness is the most commonly used indicator of
biodiversity; the more diverse an ecosystem the more resistant it
is when environmental conditions change (Orourke, 2006). This
indicator is used to characterize an ecosystem by simply identifying
and counting the species that are present to describe and compare
communities. However, this method misses the information that
some species are rare and others are common. A species diversity
index to measure the character of a community —both the abundance
patterns and species richness—should be taken into account (Begon,
Harper & Townsend, 1990).

Few studies have been done in the Western Visayas. A floristic
survey has been undertaken in Bulabog-Putian Natural Park (BPNP),
Dingle, Iloilo, however, this was focused only on the forest ecosystem.
No assessment was done on the riverine habitat (Gallaza, 2009). In
the basic inventory of Fuentes and Andraje (2008), they enumerated
over 200 various plant species in BPNP, a number of which are
unique and threatened. This inventory comprised only about 2% of

Biodiversity refers to the biological variability either at level
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the total number of plant species in the Philippines (Bennert, 2006).
A significant number of these plant species has been categorized as
critically endangered, endangered, vulnerable, and threatened while
other non-threatened plants have the tendency to become threatened
(Madulid, 2000; Reyes, 2007; Villegas & Pollisco, 2008; So, 1994; Sopsop
& Buot, 2009). The DENR (2007) reported a partial list of 432 plant
species in Western Visayas while Elefan (2002, 2004, 2005), Madulid
(2002) and Hamann, Barbon, Curio, and Madulid (2004) conducted
their independent botanical inventory in Iloilo, Northwest Panay and
North Negros Forest Reserve, respectively.

The present investigation was carried out both in the protected
forest ecosystem dominated by secondary growth plant species
and the riverine ecosystem, a terrestrial landscape adjacent to
river water with notable high biodiversity and ecological relevance
in BPNP. This was conducted to document and evaluate plant
species richness, relative density, relative abundance, and index
of diversity. The data gathered from this study provided more
comprehensive baseline information on plant diversity in BPNP to
augment the regional biodiversity knowledge and compliment the
national conservation efforts being implemented in the country as
one of the adaptation measures to reduce the negative impact of
climate change.

MATERIALS AND METHODS

Two ecosystem types in BPNP were considered in this study to
compare the results of the inventory of macroflora in the protected
forest ecosystem along Guiso cave vicinity and the riverine ecosytem
in the vicinity of Sitio Tina, Barangay Moroboro and Sitio Pakpak
Banog, Barangay Lincud, Dingle, Iloilo. Macroflora were inventoried
from the eight quadrats (10 x 10 m?) established along 200-meter
transect on each ecosystem type for a total sampling plot area of
1,600m? (0.16 ha). Individual plants in each quadrat were counted,
listed, identified, and classified, and their specific conservation status
was determined. Reputable publications were used and local and
international experts consulted to confirm the identification of plant
species. Relative density (ni), relative abundance (N), species richness
(S), and index of diversity (H’) of the two ecosystem types were
determined to evaluate their present diversity status.
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RESULTS

Floral Composition. The protected forest ecosystem, a mixed tropical
lowland second growth forest, had a total of 7,007 individual plants
(N) counted in eight quadrats that belong to 56 families, 110 genera,
and 126 species. Of the 126 plant species, 120 (95.24%) were flowering
and only six (4.76%) were non-flowering, composed of fern species
and allies. The riverine ecosystem had 43,466 individual plants
counted that belonged to 54 families, 110 genera, and 137 species of
which 127 (92.70%) plant species identified were flowering and 10
(7.29%) were non-flowering composed of ferns and their allies. The
combined assessment of both ecosystems showed a total of 50,473
individuals distributed under 68 families, 178 genera, and 218 species
(Table 1).

Table 1.

Floral composition of the sampling plots in the two ecosystem types in
Bulabog-Putian Natural Park, Dingle, lloilo, Philippines.

Ecosystem Total No. of No.of No.of Flowering Non-flowering
Types Individuals  Families Genera Species Species Species

(N ) No. 0/o No. %
Protected
Forest
Ecosystem 7,007 56 110 126 120 9524 6 4.80
Riverine
Ecosystem 43,466 54 110 137 127 9270 10 7.29
Combined
Assessment 50,473 68 178 218 208 9541 10 4.59

Distribution of Plant Species According to Major Plant Groups. In the
protected forest ecosystem, vegetation was dominated by trees with
71 (56.35%) plant species identified, followed by shrubs, 24 (19.20%),
climbers/vines, 14 (11.11%), herbs, 10 (7.94%), ferns and allies, 6
(4.80%), and palm, 1(0.79%). Meanwhile, in the riverine ecosystem,
trees still prevailed with 55 (40.15%) species identified, followed by
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herbs, 28 (20.44%), shrubs, 25 (18.25%), vines/climbers, 13 (9.49%),
ferns and allies, 10 (7.30%), and palms, 6 (4.38%) (Table 2).

Table 2.

Distribution of flowering and non-flowering species according to major
plant groups in the two ecosystem types in Bulabog-Putian Natural
Park, Dingle, lloilo, Philippines.

Ecosystem Flowering Plant Species Non-flowering
Types Trees Shrubs Herbs  Climbers/ Palms Ferns/ Allies
Vines

No. % No. % No. % No. % No. % No. %

Protected
Forest
Ecosystem 71 56.35 24 1920 10 7.94 14 1111 1 079 6  4.80

Riverine
Ecosystem 55 40.15 25 1825 28 2044 13 949 6 438 10 7.30

Major Families, Genera, Species. In the protected forest ecosystem,
11 (19.64%) of the 56 total number of families had at least four or
more plant species identified and seven (12.5%) families had four or
more genera. Family Euphorbiaceae had the highest species count
(nine) followed by Moraceae with seven of the 126 species listed.
Euphorbiaceae and Annonaceae recorded the most genera with
six apiece. The riverine ecosystem was home to 54 plant families of
which 13 (24.07%) have at least four plant species and nine (16.66%)
families have at least four genera. There were 10 (18.50%) families that
dominated with at least five species and 44 (81.48%) were minor plant
families with four and less species each of the 137 species listed. The
major families with their corresponding species count include, among
others, Moraceae, 11 (8.03%), Poaceae, 10 (7.30%), and Euphorbiaceae
and Papilionaceae, seven (5.11%). Poaceae registered the most genera
with eight (Table 3).

Composite Plant Diversity Status. The riverine ecosystem had a
significantly higher abundance (N=43,466) than the protected forest
ecosystem (N=7,007) (Table 4). This can be explained by the immensity
of the grasses, sedges, and other herbs on the river banks. The riverine
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ecosystem also had higher species richness (S=137) and composite
diversity index (H'=3.30) over the protected forest ecosystem (5=126,
H’=2.69). Both ecosystems had a moderate level of plant diversity
according to Shannon-Wiener Diversity Index (H’) (reflected in Table
9).

Plant Diversity Status Among Major Plant Groups. In the protected
forest ecosystem, trees had the highest individual count (N=3,267),
highest species richness (S=71), and diversity index (H'=1.94).
Palms recorded the lowest count (N=210), species richness (S=1),
and diversity index (H’0.00) among plant groups. Taquipan or fish
tail palm (Karyota cumingii) was the only recorded palm species in
the sampling plots. In the riverine ecosystem, herbs had the highest
individual count (N=40,558) and palms the lowest (N=17). Trees
recorded the highest species richness (5=55) and diversity index
(H'=2.94). Palms had the lowest species richness (S=6) while climbers
/vines recorded the lowest diversity index (H'=1.49) (Table 5).

Table 5.
Comparison of plant diversity status among major plant groups in the

two ecosystem types in Bulabog-Putian Natural Park, Dingle, lloilo,
Philippines

Major Plant Groups Ecosystem Types
Protected Forest Riverine
N S H’ N S H’

Trees 3,267 71 1.94 772 55 2.94
Shrubs 495 23 1.67 831 25 2.00
Herbs 1,043 10 1.52 40,558 28 2.01
Climbers/Vines 224 14 1.78 994 13 1.49
Palms 210 01 0.00 17 06 1.64
Ferns/allies 1,768 06 0.44 379 10 1.62

N=Abundance (Total no. of individuals in 800 sg. m. sampling area / ecosystem); S= Species
richness (number of plant species in the ecosystem); H’ =Shannon-Wiener Diversity index.

Plant Conservation Status. For the plant species with threatened
conservation status and their occurrence in BPNP (Table 6), at least 28
(12.84%) of the 218 plant species in both ecosystems have threatened
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conservation status (DENR DAO No. 1, 2007, Fernando et al., 2008;
Villegas & Pollisco, 2008; De Guzman, Umali, & Sotalbo, 1986).
Three are critically-endangered species: kamagong (Diospyros pyrus
philippensis), prickly narra (Pterocarpus indicus forma echinatus), and
red lauan (Shorea negrosensis). Another three species were reported
as rare namely, taluto (Pterocymbium tinctorium) a monotypic genus,
bayok (Pterospermum diversifolium), and biriba (Rollinia deliciosa).

Vegetation Analysis of the Two Ecosystem Types

Protected Forest Ecosystem. The vegetation type in the sampling area
was a tropical lowland mixed second growth forest interspersed with
coffee plantation indicative of its utilization for upland agriculture. A
number of saplings and wildlings of original dipterocarp species such
as the red lauan (Shorea negrosensis) still existed and was captured in
sampling plots. The protected forest ecosystem recorded a moderate
diversity index (H'=2.69). Its present diversity status is indicative of
anthropogenic exploitation of the park and other habitat stressors like
forest fire that have contributed to the decline in the population of
endemic and indigenous species. Among the plant groups, index of
diversity was low to moderate (H'=0.00-1.94) with palms and trees as
the lowest and highest, respectively. Composite inventory of vascular
plants were recorded (Table 7).

Riverine Ecosystem. In Sitio Tina, Barangay Moroboro, the vegetation
type in the study plots belonged to a mixed plantation—brushland
with big parcel of cogon-dominated grassland along Jalaur river bank.
The flatground in the eastern portion had been under cultivation
and planted to seasonal agricultural crops such as corn (Zea mays),
mungbean (Vigna radiata) and sweet potato (Ipomoea batatas)—the
reason for the invasion of typical crop-associated weed species such
as baludgangan (Digitaria setigera), borreria (Borreria laevis), dilang aso
(Pseudoelephantopus spicatus), halos (Digitaria ciliaris) kurukawayan
(Leptochloa chinensis), lobi-lobi (Phyllanthus niruri) and tayok-tayok
(Fimbristylis dichotoma), among others. Climbers/vines included
bika (Ampelocissus martini), burakan (Merremia peltata), centrosema
(Centrosema pubescens), and yam (Dioscorea sp.).

In Sitio Pakpak Banog, Barangay Lincud, the vegetation type in
the study plots belonged to a brushland-grassland and partly marshy
land. The marshland portion was an extension of Jalaur river with
only two species of aquatic macrophytes identified, namely subsuban
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(Polygonum barbatum) and kangkong (Ipomoea aquatica), although
bangkal (Nauclea orientalis) were also sparsely scattered along the
banks. The grassland that bordered the river bank was dominated
by Family Poaceae such as carabao grass (Paspalum conjugatum)
and amorseco (Chrysopogon aciculatus) and Cyperaceae such as
burobutones (Cyperus kyllingia), and mutha (Cyperus rotundus) as
evidenced by their numerical abundance.

A clump of kawayan tinik (Bambusa blumeana) was recorded
although more inhabited the foothills adjacent to the sampling
plots. Small trees and shrubs species that dominated the hill slopes
were coffee (Coffea sp.), badlan (Radermachera sibuyanensis), alipung
(Gmelina philippensis), niog-niogan (Ficus pseudopalma) and pakiling
(Ficus odorata). A composite inventory of vascular plants captured in
the sampling plot that were established in the riverine of Sitio Tina,
Barangay Moroboro and Sitio Pakpak Banog, Barangay Lincud (Table
8) together with their composite relative density (ni), species richness
(S), and diversity index value (H") shows that altogether there were 137
plant species identified distributed in 110 genera and 54 families. The
riverine site has a higher (H'=3.30) diversity index than the protected
forest ecosystem (H'=2.69) although both ecosystems registered a
moderate diversity index level (Table 9).
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DISCUSSION AND CONCLUSION

Macrofloral diversity of the protected forest ecosystem and the
riverine ecosystem of BPNP was assessed and compared. The
riverine ecosystem recorded a higher species richness (5=137) than
the protected forest ecosystem (5=126). this can be attributed to the
presence of invading weed species in the open lands under cultivation
and in the grassland portion that harbor the highly prolific and sun-
loving grasses such as carabao grass (P. conjugatum), buko-buko (C.
dactylon), cogon (I. cylindrica), and kurukawayan (L. chinensis); sedges
such as burubotones (C. kyllingia) and mutha (C. rotundus); and some
broadleaves such as kaliskis dalag (D. triflorum), hagonoy (C. odorata)
and tubak tuba (Bidens sp.), among others that have contributed to
the enormous numerical abundance (N=43,466) in the entire riverine
ecosystem compared to the protected forest ecosystem (N=7,007).

The riverine ecosystem appears to be fragmented because it is
a combination of grassland, brushland, and marshland along with
agroforestry areas especially planted to chico, coffee, and large leaf
mahogany. Two original dipterocarps of timber quality still exist in
the protected forest ecosystem, namely red lauan (S. negrosensis) and
white lauan (S. contorta); however, only red lauan was captured in the
sampling plot as saplings. There is a need to mass propagate these
species both in the nursery and in the wild as they now are treated as
critically endangered species together with kamagong (D. philippensis)
and prickly narra (P.indicus forma echinatus).

Likewise, an equal protection and conservation strategy should
be extended to vulnerable species: amugis (K. pinnatum), antipolo (A.
blancoi), is-is (F. ulmifolia), niyog-niyogan (F. pseudopalma), and yemane
(G. arborea); the depleted species anonang (C. dichotoma), malugai (P.
pinnata), and the rare or vulnerable taluto (P. tinctorium), a monotypic,
native tree genus in a secondary forest (Gruezo, 2009; Gallaza,
2009). Other noteworthy species were amamali (L. philippinensis),
kahoy dalaga (M. philippica), ayo (T. loheri), and anagas (S. elmeri).
Shannon-Weiner Diversity Index calculations for the protected forest
ecosystem (H'=2.69) and riverine ecosystem (H'=3.30) showed that
both ecosystems have moderate plant diversity level (Table 9).

The prevailing major threats to BPNP biodiversity include influx
of visitors, minor forest products extraction, land clearing, and
intermittent but selective illegal cutting of mature trees.
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Table 9.

Shannon-Weiner Index of Diversity*

Calculated S-W DI Description

0.00 - 1.66 Low level of plant diversity

1.66 - 3.33 Moderate level of plant diversity
3.33-5.00 High level of plant diversity

*The higher the H’ value, the higher is the species diversity of the site, with 5 as the
highest.

RECOMMENDATIONS

Based on the overall assessment of the macrofloral diversity of BPNP,

the

1.

researchers forward the following recommendations:

For environmental security, local and national government
agencies must implement a stringent policy on CPR (Conserve,
Protect, Rehabilitate): [a] Conservation and protection of the
existing plant species especially the endemic and indigenous plant
species. There is a need to mass propagate some other species of
high economic value but threatened and vulnerable and conserve
ex situ, not only those commonly found in BPNP nursery such
as mahogany and malugai; and [b] Rehabilitation or reforestation
of areas depleted or denuded of plant species in order to attain a
high level of plant diversity;

BPNP should be sustainably managed to achieve the full potential
of this natural resource and being the only existing natural park in
Iloilo Province which is now gaining momentum as one popular
ecotourism destination; and

Promote ecotourism using the Bulabog-Putian Natural Park as a
model to enhance environmental awareness among the people
most especially on the role and impact of forest ecosystems to
humans.

New Record. A potentially new plant species was discovered at
Bulabog-Putian Park. Close-up photographs and key characters
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of the species were referred to respected botanists. However, no
confirmation of its identity was made. Dr. Williman Gruezo of
UPLB (2010) placed it under family Annonaceae and identified
it as Amuyon (Goniothalamus amuyon?) but this is unconfirmed.
Dr. Alfredo Vendiville and Dr. Noe Gapas, both of the National
Museum of the Philippines, and Forester Damaso Fuentes (2009)
of DENR, Region 6 placed it under family Rubiaceae without
specific identification but noted that it may belong to family
Eleaocarpaceae. It was given a fancy name “Elefan Blue Marble”
and local name “marakape” by the senior author. It is a potential
ornamental plant especially for landscaping and bonsai (Figure 1).

Figure 1. “Elefan blue marble plant” showing the leaves in opposite arrangement, in florescence
and its location, and the clustered fruits. Some fruits and seeds were dissected to reveal the
anatomical features for characterization.
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