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Abstract: Experts highlighted the importance of field-based research on biodiversity, even local-scale, 
to better identify global biodiversity threats, and address them by informed decision-making. The 
biodiversity of tropical forest biome and river ecosystems in the Philippines are generally under-studied. 
To contribute to this data gap, the study documented the vascular plants of Palina River in Kibungan, 
Benguet using plot method. Palina River harbors a total of 92 vascular plant species belonging to 84 
genera under 42 families. Of these, 61 species belonging to 58 genera under 25 families are low-lying 
herbs, grasses and seedlings while 36 species belonging to 32 genera under 25 families are overhanging 
vegetation of tall grasses, shrubs, lianas and trees. In low-lying vegetation, family Poaceae and 
Asteraceae were the most represented with 19 and 9 species while family Moraceae for the over-hanging 
vegetation with 5 species. Overall, the diversity indices of Palina River, both for low-lying and over-
hanging vegetation, fall under the highly diverse category. This could be attributed to the high variability 
of species composition among sampling stations and the presence of several endemic and indigenous 
species. An important innovation in the study is the use of endemic and indigenous species index which 
the authors are proposing as a crude yet a straightforward accounting of these ecologically important 
plants. Results of the study showed the efficacy of the indigenous resource management in the area and 
are important baseline information for crafting conservation plans. 
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troduction:

Introduction: 1 
 
There is a global call in the scientific 
community for local-scale, field-based 
studies on biodiversity as baseline for 
conservation efforts (Ríos-Saldaña et al. 
2018; Cardinale et al. 2012). While synthetic 
analyses and big data approaches are 
instrumental to help set national and global 
priorities in biodiversity conservation (e.g., 
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Brum et al. 2017; Knox et al. 2016), they can 
be severely handicapped by a lack of sound 
observational data, including those collected 
through fieldworks. Several authors have 
noted the fading appreciation of empirical 
field studies in the past decades which is 
worrisome because of its potential 
repercussions percolating through the 
scientific sphere (Noss 1996; Tewksbury et 
al. 2014; Dijkstra 2016; Mihoub et al. 2017). 
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Moreover, the modelling community had 
made several systematic calls for increased 
collection of new biodiversity data to advance 
the real-world application of modelling tools 
(Ficetola et al. 2012; Paknia et al. 2015). 
These show that field-based studies on 
biodiversity, even local-scale, are globally 
important. 

This call should be a particular concern 
among biodiverse countries like the 
Philippines. The country is one of the 17 
megadiversity countries with more than 
52,177 described species, of which, more than 
half are found nowhere else in the world; but, 
at the same time, it is one of the 25 global 
biodiversity hotspots (Philippine Biodiversity 
Conservation Priorities 2002). This highlights 
the importance of species identification, 
documentation and collection in the country. 
However, the floral diversity of the country is 
under-studied and floral studies mainly deal 
with trees and woody plants while neglecting 
the smaller herbs and other plant forms that 
otherwise account for the bulk of species 
richness (Langenberger 2004).  

Cordillera Central Range (CCR) is one of 
the least studied area in the country, amidst its 
cultural and biological diversity. Variation in 
terrain, elevation, climate and hydrologic 
conditions have brought about a rich floral 
diversity in the area (Reyes – Boquiren 1995). 
Few of the floral diversity studies in the area 
include the pioneering works of Merrill 
(1904, 1923), Dickerson (1928), Jacobs 
(1972), Payawal (1981) and Buot and Okitsu 
(1998). Recent works include the floral 
diversity studies of Malabrigo (2013), 
Lumbres et al. (2014), Rabena et al. (2015) 
and Guron et al. (2019) but these are site-
specific. More floral assessment studies are 
still needed to properly account the area’s rich 
and unique flora. 

Moreover, ecosystems other than forest 
are not prioritized in diversity assessment in 
the country. Very few studies were conducted 
in river ecosystems particularly on aquatic 
macrophytes, amidst their ecological 
importance. Aquatic macrophytes, which 
include mosses, liverworts, larger algae and 
vascular aquatic plants, play an important role 

in structuring communities in aquatic 
environments by providing physical structure, 
increasing habitat complexity and 
heterogeneity and affecting various 
organisms like invertebrates, fishes and 
waterbirds (Thomaz and da Cunha 2010). 
Initial efforts to document the macrophytes 
diversity in the country had been conducted, 
e.g. Aguilar and Buot (2003) and Vicencio 
and Buot (2017) in Laguna Bay; Napaldet and 
Buot (2017, 2019) in Balili River, but were 
minimal compared to the several 
understudied sites. These studies were also 
conducted in rivers or lakes that are much 
disturbed near human settlements. A diversity 
assessment in a relative less disturbed river 
would be a good comparison, hence this 
study. 

This study was conducted to document the 
floral diversity of Palina River in Kibungan, 
Benguet, Philippines using the standard plot 
method. This study is an important 
contribution to heed the call for more field-
based inventory of biodiversity in a tropical 
setting. Also, the study presents the floral 
diversity of a riparian ecosystem within the 
ancestral domain of the Kankana-ey 
indigenous community. It would be 
interesting to know how the semi-subsistence 
agriculture of these indigenous people affects 
the floral diversity in the area. Additionally, 
the study is an important contribution to the 
glaring data gap on river biodiversity in the 
country. Considering the rapid rate of 
biodiversity loss in the country, basic 
understanding and adequate accounting of the 
species diversity will be vital baseline 
information in crafting potential local, 
regional or national conservation methods 
(Bacudo et al. 2006). 

 
 

Materials and methods: 
 
Study area 
 
Palina River is one of the headwater 
tributaries of Upper Amburayan River located 
in Barangay Palina, one of the seven 
barangays of Kibungan, Benguet. It is located 
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approximately at 16.7474 N and 120.6808 E, 
with an average elevation of 1,429.5 masl. 
The barangay is predominantly an 
agricultural community of the Kankana-ey 
ethnolinguistic group. Palina River is the 
primary source of irrigation for their ricefields 
and vegetable farms (Batani et al. 2020).  

Palina River is one of stream gullies 
described by Kowal (1966) to be the hub and 
potential source of broad-leaf species in the 
CCR. He hypothesized that given time 
without detrimental human disturbance, the 
broad-leaf species sheltered in these stream 
gullies will eventually colonize the upper 
slope and exposed ridge of the mountain. 
However, information on the species 
composition of stream gullies in the CCR is 

lacking which this study can contribute. The 
riparian area of the river is generally less 
disturbed due to its critical slope, thereby 
allowing a narrow strip of forest corridor to 
develop. The species composition in the 
riparian areas of the river could indicate how 
the semi-subsistence agriculture of the 
indigenous community contributes to the 
conservation and protection of the remaining 
forest.   

The study site falls under Climate Type I 
under the Coronas Classification System, 
with rainy days from May to October 
followed by the dry spells from November to 
April. Table 1 presents the meteorological 
data of the study site. 
 

 
 
Table no. 1 Climatological Data in the Baguio-Benguet area that includes the study site 
 

Month Temp (oC) Rainy  
days 

Rainfall  
(cm) 

Humidity  
(%) 

Wind Speed 
(mph) 

Cloud  
(%)   Max Min Ave 

Jan 21.11 13.33 16.67 1.7 1.78 6.0 6.0 47.0 
Feb 21.67 13.89 17.22 1.7 1.52 8.0 5.5 44.0 
Mar 22.78 15.00 18.33 3.2 1.52 12.0 4.8 48.0 
Apr 23.33 16.11 19.44 6.3 3.56 23.0 4.3 66.0 
May 22.78 16.67 19.44 5.8 18.29 34.0 5.2 89.0 
June 22.78 16.67 18.89 9.3 26.16 31.0 5.2 93.0 
July 21.67 16.11 18.33 2.2 37.34 29.0 6.1 92.0 
Aug 21.11 16.11 18.33 3.5 53.59 20.5 6.8 94.0 
Sept 21.67 16.11 18.33 21.0 48.26 21.0 6.2 91.0 
Oct 22.22 16.11 18.33 13.6 30.23 24.0 5.1 81.0 
Nov 22.22 15.00 18.33 6.5 14.22 18.0 6.2 68.0 
Dec 21.67 13.89 17.22 3.5 4.83 13.0 6.6 54.0 

(Data Source: Baguio Pagasa Weather station from 1980 to 2016) 
 
 
Plot Method 
  
Three stations were established along the 
narrow strip of forest corridor in the riparian 
of Palina River, namely upstream, midstream 
and downstream stations (Fig. 1). The stations 
were selected during the reconnaissance 
survey to be within 0 - 10 meters from the 
water channel following the study of Napaldet 
and Buot (2019) and Balangen et al. (2021). 
Thus, the soil condition in the stations is 
generally mesic. The stations vary in 

elevation of about 120 - 150 m difference and 
a distance of about 1 km apart.  

Plot method was employed in data 
gathering. This method is simple to use and 
the materials needed are readily available. 
Aside from its convenience, the uniform 
shapes of the plots together with the 
randomized distribution throughout the 
sampling area makes it straight forward. 
Although physically demanding, this method 
is not destructive (Napaldet and Buot 2019). 
In each station, five (5) 1x1 m quadrats were 
established for low-lying riparian herbs and 
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grasses and two 2x10 m plots, one each on the 
right and left banks of the river, were 
established for overhanging vegetation (≥ 2m 
height) such as tall grasses, shrubs and trees. 
In the 1x1 m quadrats, tree seedlings were 
also included in the inventory. Overall, 15 
1x1 m quadrats and six 2x10 m plots were 
established in the study. 

Plants within the plots were 
taxonomically identified. Several taxonomic 

references were used to verify the plants such 
as the published works of Pancho (1983), 
Rojo (1999) and Pancho and Gruezo (2006, 
2009). On-line databases generated by Pelser 
et al. (2011 onward) and that of tropicos.org 
(2013) were also consulted. Scientific names 
and classification were checked and verified 
in the Kew website: 
https://powo.science.kew.org/.  

 
 
 
Figure no. 1 Map of Palina River showing the sampling stations. 

 

 
 
 
Density and frequency were the primary 

parameters used to determine the importance 
value of the plants. These were computed as 
follows: 

 
Density (Di) 
 

D𝑖𝑖 =
n𝑖𝑖 
m2 

 
where:  

ni = number of individual of species i 
m = total area sampled 

 
Frequency (Fi) 
 

F𝑖𝑖 =
J𝑖𝑖
K

x 100 
 
where: 

Ji = number of plot where the species 
occur 
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K = total number of plots 
 
Relative Density (RDi) 
 

RD𝑖𝑖 =
D𝑖𝑖
TD

x 100 
 
where: 

Di = density of species i 
TD = total density of all species 

 
Relative Frequency (FRi) 
 

RF𝑖𝑖 =
F𝑖𝑖
TF

x 100 
 
where: 

Fi = frequency of species i 
TF = total frequency of all species 

 
Importance Value (IVhi)  
 

IVℎ𝑖𝑖 =
RD𝑖𝑖 + RF𝑖𝑖

2
 

 
where: 

RDi = Relative Density of species i 
RFi = Relative Frequency of species i 

 
Diversity Indices  
 
To quantify the floral diversity, diversity 
indices such as Shannon-Wiener, Pielou, 
Simpsons, Margalef and Jaccard`s index of 
similarity were computed (Wang et al. 2021a, 
2021b; Wei et al. 2021). These were 
computed as follows:    
 
Shannon-Wiener (H) 
 
 
 
 
 
where:  

pi = Number of individuals of species i / 
total number of samples 
S = Number of species or species richness 

Pielou (E) 
 

E =  
𝐻𝐻

ln(𝑁𝑁)
 

 
where:  

E = evenness  
H = Shannon-Wiener diversity index 
ln (N) = Hmax (maximum diversity 

possible) 
 
Simpson (D) 
 

D = 1 −�
𝑛𝑛𝑖𝑖(𝑛𝑛𝑖𝑖 − 1)
𝑁𝑁 (𝑁𝑁 − 1)

𝑠𝑠

𝑖𝑖=1

 

 
where:  

ni = total individual of species i 
N = total number of individual of all 

species 
 
Margalef (R) 
 

R =
(𝑆𝑆 − 1)
ln (𝑁𝑁)

 

 
where:  

R = richness  
S = # of species 
N = # of individuals (of all species) 

 
Jaccard index of similarity (J) 
 

J =  
𝑆𝑆𝑆𝑆

𝑆𝑆𝑆𝑆 + 𝑆𝑆𝑆𝑆 + 𝑆𝑆𝑆𝑆
 𝑥𝑥 100 

 
where:  

Sc - number of species common to the two 
samples 

Sa - number of species unique to station a  
Sb - number of species unique to station b 

 
Lastly, the study looked into the endemic 

and indigenous species index of the riparian 
plots. Several experts contend that these 
indices could be a more important 
information for conservation purposes 
(Merrill and Meritt 1910; Killeen et al. 1998; 
Malabrigo 2013; Guron et al. 2019).  

The classification of the plants as endemic 
or indigenous was based on the plant 

H = �𝑝𝑝𝑖𝑖(𝑙𝑙𝑛𝑛𝑝𝑝𝑖𝑖)
𝑆𝑆

𝑖𝑖=𝑙𝑙
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distribution given in Co’s Digital Flora 
(Pelser et al. 2011 onward). Endemic species 
refers to those confined in a certain area only 
(in this study, this referring to species 
occurring only in the Philippines) while 
indigenous species are those native to a 
certain location but also occur in other areas 
(in this study, referring to species that 
naturally occur in the Philippines but also 
occur in other countries). The endemic and 
indigenous species index were pattered with 
minor revision from the formula for 
biodiversity index suggested and proposed by 
the American Museum Natural History 
(2001). These were computed as follows: 
 
Endemic species index (Es) 
 

Es =  
Nes

N
x 100 

 
where:  

N = total number of all individuals of all 
species 
Nes = number of endemic species 

 
Indigenous species index (Is) 
 

Is =  
Nis
N

x 100 
 
where:  

N = total number of all individuals of all 
species 

Nis = number of indigenous species 
 
 
Results and discussion: 
 
Riparian Species Richness 
 
Palina River harbors a total of 92 riparian 
vascular plants species belonging to 84 genera 
under 42 families. These were presented and 
discussed as low-lying and over-hanging 
vegetation.  

Low-lying vegetation 
 
A total of 61 species of low lying herbs, 
grasses and seedlings belonging to 58 genera 
under 25 families were documented in Palina 
River. In the upstream station, 38 species 
were documented while 31 in the midstream 
and 21 species in the downstream station.  

In terms of species richness, family 
Poaceae and Asteraceae were the most 
represented with 19 and 9 species, 
respectively (Fig. 2). Family Amaranthaceae 
and Urticaceae have 3 species each while the 
rest of the families have either 1 or 2 species. 
Consequently, the dominant species in all the 
three stations were also from family Poaceae 
and Asteraceae. Ageratina riparia and 
Galinsoga parviflora of family Asteraceae 
were the most dominant species in the three 
stations. Table 2 (Annexes) presents the 
dominant low-lying plants among the station 
(refer to Annexes, Tab. 2a, 2b, 2c for the 
detailed population counts). Of the nine 
species of Asteraceae, six were included in 
the top 10 most dominant species in Palina 
River, namely A. riparia, G. parviflora, 
Tithonia diversifolia, Ageratum conyzoides, 
Crassocephalum crepidioides and Bidens 
pilosa. On the other hand, there were nine 
dominant species from family Poaceae, out of 
its total of 19 species. All of the low-lying 
vegetation are emergent riparian floras.  

Indigenous plants were also dominant in 
the river such as Rubus fraxinifolius, 
Pogonatherum crinitum, Elatostema 
banahaense, Equisetum ramosissimum, 
Miscanthus floridulus and Pneumatopteris 
nitidula. Moreover, some endangered species 
were documented in Palina River. These 
include Lilium philippinense, Cyathea 
contaminans, Homalomena philippinensis, 
Schefflera obovata, Vanoverberghia 
sepulchrei and Goniophlebium benguetense 
(IUCN).  
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Figure no. 2 Distribution of the low-lying species by family 
 

  

 
 
Over-hanging vegetation 
 
A total of 36 species of overhanging 
vegetation belonging to 32 genera under 25 
families were documented along Palina River. 
Of these, 19 species are trees, 12 are shrubs, 2 
are lianas and 3 are tall grasses. Species 
richness did not differ significantly among the 
stations with 18, 17 and 20 species in the 
upstream, midstream and downstream 
stations, respectively.  

Family Moraceae is the most represented 
with five species followed by families 
Urticaceae, Poaceae and Euphorbiaceae with 
three species each (Fig. 3). Table 3 (Annexes) 
presents the top 10 dominant overhanging 
vegetation in the three stations (refer to 
Annexes, Tab. 3a, 3b, 3c for the detailed 
population counts). Miscanthus floridulus, 
Pinus kesiya, Maesa indica, 
Cyathea contaminans and Saurauia elegans 
are the dominant overhanging vegetation in 
the upstream station; Tithonia diversifolia,  
Ficus ampelas, Pennisetum purpureum in the 
midstream; and, Miscanthus floridulus and 
Alnus japonica in the downstream station. 

Aside from trees, tall grasses such as 
Miscanthus floridulus and 
Pennisetum purpureum are also dominant 
overhanging vegetation along the riparian of 
Palina River. Almost all the overhanging 
vegetation in the three stations are either 
indigenous or endemic except for few exotic 
species like Alnus japonica, 
Pennisetum purpureum and 
Brugmansia arborea. 
 
Biodiversity Indices 
 
Low-lying vegetation  
Figure 4 presents the diversity indices for 
low-lying vegetation in the three stations. 
Upstream station had the highest number of 
species that is 38 and consequently had the 
highest Shannon-Wiener and Margalef’s 
index of 3.07 and 8.20, respectively. Lower 
indices were recorded in the midstream and 
downstream which could be attributed to their 
lower species richness. Downstream station, 
which had the lowest species richness of 21, 
had relatively higher Shannon-Wiener index 
than the midstream station (2.96 vs 2.90).  
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This could be attributed to the higher 
evenness in downstream than the midstream 
since Shannon-Wiener index takes into 
accounts not just species richness but also the 
proportion of each species within the local 
community. The three stations in Palina River 
have Shannon-Wiener’s indices ranging from 

2.90 to 3.07 which would qualify the 
midstream and downstream as medium while 
the upstream station as high diversity. Overall 
for low-lying vegetation, Palina River had a 
Shannon-Wiener’s, Pielou’s, Simpson’s and 
Margalef’s index of 3.39, 0.60, 0.94 and 
10.59, respectively.

 
 
Figure no. 3 Distribution of the over-hanging species by family 
 

 
 
 

The index of similarity between stations 
was low, ranging from 25.53 to 33.33 as 
shown in Table 4. Common species in all the 
three stations were Ageratina riparia, Bidens 
pilosa, Crassocephalum crepidioides, 
Coelorachis rottboellioides, Eleusine indica, 
Galinsoga parviflora, Oplismenus hirtellus, 
Paspalum conjugatum, Setaria palmifolia and 
Tithonia diversifolia. Most of these were 
weeds that could thrive in different 
environmental conditions, hence cannot be 
good indicators to the heterogeneity of the 
stations. The indigenous species, on the other 

hand, could do so. The upstream station, with 
an elevation of 1431 masl, is 
characteristically a temperate and this is 
readily indicated by presence of Dianella 
ensifolia, Lilium philippinense, Rubus 
fraxinifolius and Goniophlebium 
benguetense. On the other hand, Equisetum 
ramosissimum, Elatostema banahaense, 
Cypholophus brunneolus and Mazus pumilus 
found in downstream station (elevation at 
1247 masl) were characteristic of low to mid 
elevation areas.
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Figure no. 4 Biodiversity indices for the low-lying vegetation in Palina River, Kibungan, Benguet 
 

 
 
 
Table no. 4 Jaccard’s index of similarity (%) among stations 
 

 Low-lying Vegetation Over-hanging Vegetation 
 Upstream Midstream Upstream Midstream 
Midstream 25.53  16.67  
Downstream 27.78 33.33 18.75 17.39 

 
 
Over-hanging vegetation 
 
Figure 5 presents the diversity indices for the 
over-hanging vegetation of Palina River. The 
Shannon-Wiener index did not differ 
significantly among the stations ranging from 
2.28 to 2.78. These values fall under medium 
diversity. However, the overall Shannon-
Wiener index is 3.15 that falls under high 
diversity. Among the stations, midstream has 
the lowest values in all diversity indices that 
could be attributed to its lowest species 
richness at 17 and the dominance of Tithonia 
diversifolia and Pennisetum purpueum. 
Compared with low-lying vegetation, the 
overall indices of Shannon-Wiener’s, 

Pielou’s, Simpson’s and Margalef’s are lower 
for over-hanging vegetation at 3.15, 0.64, 
0.95 and 7.07, respectively. 

Moreover, the index of similarity among 
stations were low ranging from 16.67 to 
18.75. Common species among the three 
stations are few including Alnus japonica, 
Bischofia javanica, Cyathea contaminans, 
Miscanthus floridulus and Viburnum 
odoratissimum. This result supports the data 
on indigenous species of low-lying vegetation 
that the three stations are highly variable in 
species composition. Taken as a composite, 
the data on population counts, diversity 
indices and index of similarity are making a 
strong case that Palina River is highly diverse.
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Figure no. 5 Biodiversity indices for the over-hanging vegetation in Palina River, Kibungan, 
Benguet 
 

 
 
 
Endemic and indigenous species index 
 
Table 5 presents the endemic and indigenous 
species index of Palina River (refer to 
Annexes, Tab. 5a for the complete list of 
endemic and indigenous species in Palina 
River). The endemic and indigenous species 
indices for the over-hanging vegetation are 
higher than for the low-lying vegetation. This 
could be readily attributed to high number of 
endemic and indigenous species of 
overhanging trees, shrubs and tall grasses 

with 12 and 20, respectively (32 combined out 
of the total 35 species). In contrast, for low-
lying vegetation, nine are endemic and 30 are 
indigenous (39 combined) out of the total 61 
species. This result shows that there are more 
exotic species of low-lying plants in the area 
than of the taller plants. Overall, Palina River 
harbors 19 endemic and 48 indigenous 
species with endemic and indigenous species 
index of 4.42 and 11.16, respectively. 
 

 
 
Table no. 5 Endemic and indigenous species index of Palina River in Kibungan, Benguet 
 

Endemic / Indigenous Characters Type of Vegetation Overall for  
 Low-lying  Over-hanging  Palina River 
No. of Endemic Species 9 12 19 
No. of Indigenous Species 30 20 48 
Combined No. of Endemic and Indigenous Species 39 31 68 
Endemic Species Index 3.11 8.51 4.42 
Indigenous Species Index 10.38 14.18 11.16 
Combined endemic and indigenous species index 13.49 22.70 15.58 
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Riparian Species Richness 
 
Low-lying vegetation 
The species richness of Palina River is much 
higher than the 38 species richness of Balili 
River documented by Napaldet and Buot 
(2019) and the 52 species richness of 
Molawin Creek inventoried by Torrefiel and 
Buot (2017). The difference could be 
attributed to the less disturbance in Palina 
River compared to Balili River and Molawin 
Creek that were near human settlements. It 
was observed that the less disturbance in 
Palina River allowed for the establishment of 
different microhabitats, which, in turn, 
allowed the different floral species to thrive. 
In contrast, Balili River and Molawin Creek 
are generally homogenous due to high human 
disturbance. In the case of Balili River, its 
annual flooding and stripping of macrophytes 
during heavy rains ensure that only fast 
growing plants will dominate the river. 
Additionally, the low nutrient load of Palina 
River (as established by Batani et al. 2019) 
discouraged the fast growth of alien, invasive 
floras. This allows the native flora to still 
thrive and maintain the high species richness 
of the river. Unlike in nutrient rich rivers like 
Balili River (Napaldet and Buot 2019) and 
Molawin Creek (Torrefiel and Buot 2017), 
invasive floras are rampant, fast growing and 
easily outcompete the local floras. For 
comparison, almost all macrophytes of Balili 
River and Molawin Creek were invasive 
weeds while in Palina River, 31 species were 
indigenous/endemic. This shows the 
importance of protecting less disturbed 
ecosystems as these still harbor and nurture 
indigenous or endemic species. 

The higher representation of families 
Asteraceae and Poaceae in Palina River is not 
unusual since these are two of the largest plant 
families (Pancho and Gruezo 2012). These 
families harbor species of utmost importance 
and have wide distribution. Asteraceae family 
or sunflower family consists of 1,911 genera 
and 32,205 species worldwide, while Poaceae 
has 759 genera and 11, 554 species (Royal 
Botanic Gardens Kew and Missouri Botanic 

Garden n.d.). Several species under these 
families serve as crops, ornamentals and 
weeds contributing to their wide distribution. 
Additionally, the high species richness of 
family Asteraceae in the area could be 
attributed to the fast dispersal of their cypsela, 
fast growth rate (Napaldet and Buot 2019) 
and the semi-temperate condition of CCR that 
favors this family (Pancho and Gruezo 2012). 
In fact, the dominance of one of its member, 
Ageratina riparia, in Palina River is 
becoming a common trend in Cordillera 
Central Range (CCR). In several studies 
(Guron et al. 2019; Balangen et al. 2023) in 
different sites in CCR, Ageratina riparia is a 
dominant understory herb. This plant is a 
native of South America (Turner 1997) but is 
now pantropic in distribution. 

On the other hand, there is only one form 
of macrophytes in Palina River. All are 
emergent riparian floras. This could be 
attributed to the fast flow of water in the river 
due to its steep slope, which prevents the 
establishment of floating or submerged 
macrophytes. This is similar with the case of 
Balili River but differs significantly from 
Laguna Lake. Aguilar and Buot (2003) and 
Vicencio and Buot (2017) determined three 
forms of macrophytes in the Laguna Bay 
namely emergent, floating and submerged. 
This shows that freshwater ecosystems in the 
country could be unique in terms of 
biodiversity. 

Another observation in the Palina River is 
the greater species richness of low-lying herbs 
and grasses than tree species. This result 
supports the claim of Langenberger (2004) 
that understory species consist the bulk of 
species richness in a forest or watershed site 
and thus should be considered consistently in 
forest and watershed inventory.  This is highly 
recommended after several observations 
where trees are being prioritized in such 
inventory while disregarding low-lying or 
understory plants.  
 
Over-hanging vegetation 
The greater representation of family 
Moraceae in Palina River is primarily due to 
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the presence of five Ficus species. Several 
Ficus spp. are known to thrive in well-
watered conditions (Pancho and Gruezo 
2006) like riparian areas. This is consistent 
with the result of Lumbres et al. (2014) which 
also found Moraceae to be the most 
represented family in Alno Communal Forest 
in La Trinidad, Benguet. On the other hand, 
the Urticaceae and Poaceae spp. in the river 
are known to thrive in mid to high elevation 
(>1000 masl) (Pelser et al. 2011 onward). 
Moreover, the presence of Euphorbiaceae 
spp. in the area is expected as characteristics 
of secondary forest of which the area would 
generally be categorized. 

In Palina River, Pinus kesiya is found 
dominant only in the upstream station. This 
seems contrary to the previous reports that P. 
kesiya is the dominant tree species in CCR 
particularly in the middle, western and 
southern slopes (Guron et al. 2019; Lumbres 
et al. 2014; Merrill 1904). Our results are 
essentially an actual evidence for the usual 
observation that riparian areas in CCR 
significantly differs in species composition 
and diversity than the nearby upper slopes 
that could have a monospecies stand of Pinus 
kesiya. In fact, this is the case just above the 
riparian area in all the stations along Palina 
River.  

The dominance of Miscanthus floridulus 
in the upper and lower stations is primarily 
due to the high number of its individuals. Its 
high number is much advantageous to the 
community as it serves several purposes such 
as stick pole for climbing crops, forage for 
livestock, as fence, as house building material 
and as firewood.  

The few numbers of exotic species of 
overhanging vegetation in the river is 
important from a conservation point of view. 
It is also a testament to the ecosystem 
efficiency of the management activities 
employed by the indigenous community. This 
supports the claim of Gayao et al. (2013) that 
local knowledge of indigenous people in CCR 
is intimately connected with the ecosystem 
and therefore plays an important role in 
biodiversity conservation. The few exotic 
species in Palina River are Alnus japonica, 

Brugmansia arborea, Pennisetum purpureum 
and Tithonia diversifolia. Brugmansia 
arborea, Pennisetum purpureum and 
Tithonia diversifolia are of prehistoric 
introduction and are considered naturalized, 
though invasive, in the country (Pelser et al. 
2011 onward). On the other hand, Alnus 
japonica is a recent introduction in CCR by 
the Department of Agriculture in 1980s as 
source of nitrogen-rich compost to support the 
agricultural sector. It is now widespread in 
CCR particularly in disturbed areas.   
 
Biodiversity Indices  
In most ecological studies, Shannon-Wiener’s 
index was generally between 1.5 and 3.5 with 
higher number indicating greater species 
richness and evenness (Fernando 1998).The 
diversity indices in Palina River for low-lying 
vegetation are much higher than those 
recorded in Balili River by Napaldet and Buot 
(2019). Balili River in La Trinidad, Benguet 
has Shannon-Wiener’s, evenness, Simpson’s 
and Margalef’s indices of 1.66, 0.249, 0.946 
and 5.56, respectively – much lower than the 
corresponding values at 3.39, 0.60, 0.94 and 
10.59 in Palina River. The large difference in 
diversity could be attributed to the high 
nutrient load in Balili River, which triggers 
the high growth rate of invasive species that 
totally wipe-out the native species. In the case 
of Palina River, invasive species were also 
recorded but their numbers are kept in-check 
by the minimal nutrient load of the river. 
Also, the environmental conditions in the 
river are not significantly impacted by human 
disturbance thus allowing the survival of 
locally-adapted endemic and indigenous 
species. From these, a direct comparison 
between an urban and rural river could be 
made and again the value of less disturbed 
rivers as hub for biodiversity was highlighted. 

On the other hand, the diversity indices for 
over-hanging vegetation in Palina River is 
comparable with the nearby areas such as the 
forest plots of Talinguroy Research Station 
(Guron et al. 2019) and in Alno Communal 
Forest (Lumbres et al. 2014). The forest plots 
in Talinguroy Research Station have a 
Shannon-Wiener index of 2.96 and 3.21 in 
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Alno Communal Forest. These values are 
comparable with the Shannon-Wiener index 
of 3.15 in Palina River. The high diversity of 
Palina River could be attributed to the 
variability of species composition in the 
sampling stations. This shows that species 
composition could differ significantly even in 
nearby areas.  

Lastly, the endemic and indigenous 
species index in Palina River is much higher 
than in the forest plots of Talinguroy 
Research Station (Guron et al. 2019) (22.30 
vs 9.93). This shows that aside from species 
composition, endemic and indigenous species 
could also differ between the riparian and 
forest plots even in the same CCR region. 
However, this is the only other site that we 
can make comparison of endemic and 
indigenous species index. Other forest 
inventory studies generally mention only the 
endemic and indigenous species but these are 
not quantified into an index, thus the 
comparison could not be direct. With the 
emphasis on endemic and indigenous species 
for conservation (Werff and Consiglio 2004), 
quantifying them into an index could be a 
crude but straightforward accounting. 

The high species richness and high 
diversity of Palina River indicate the effect of 
semi-subsistence agriculture of the 
indigenous community to the floral diversity 
within their ancestral domain. The riparian 
vegetation was generally less disturbed 
leaving a strip of forest corridor along the 
stream and allowing native species (endemic 
or indigenous) to thrive. This phenomenon 
was observed in several other indigenous 
communities in the CCR but our study is the 
first to provide an empirical evidence for it. 
On the other hand, the mesic condition of the 
riparian favors broad leaf species to thrive.  

This affirms the observation of Kowal 
(1966) that stream gullies in the CCR are the 
hub for broad-leaf species that can recolonize 
the upper slopes through time without 
fire/clearing disturbances. These results are in 
direct contrast to the commercial agriculture 
observed in the upper slopes of the CCR 
wherein massive portions of mossy forest are 

converted wholesale into vegetable farms 
(UNPO 2015). 
 
 
Conclusions: 
 
The study presented the floral diversity of 
Palina River wherein 92 species belonging to 
84 genera under 42 families were documented 
with an overall high diversity. The species 
richness and diversity of the study site, being 
located in rural community, are much higher 
compared to water bodies near highly 
urbanized sites. This shows that the less 
disturbance in rivers located in rural 
communities contributes to their higher floral 
diversity. Our results also affirm the previous 
observation that stream gullies like Palina 
River harbors several broad-leaf species that 
are predominantly endemic/indigenous. The 
high diversity of the river and the presence of  
native species show that the semi-subsistence 
agriculture of the indigenous community 
allows some areas like the stream gullies for 
floral diversity to thrive. This directly 
contrasts with the commercial agriculture in 
the upper slopes in the CCR where massive 
portions of mossy forest are converted 
wholesale into vegetable farms leaving no or 
very little remaining forest cover. This study 
is part of the continuous efforts to properly 
document the floral diversity in the country 
and in the CCR as baseline for conservation 
efforts; and, to supply the empirical, field-
based inventory data need of the global 
scientific community. 
 
 
Rezumat: 
 

VEGETAȚIA RIPARIANĂ A RÂULUI 
PALINA ÎN KIBUNGAN, BENGUET, 

FILIPINELE DE NORD 
 
Experții au subliniat importanța cercetării de 
teren cu privire la biodiversitate, chiar și la 
scară locală, pentru a identifica mai bine 
amenințările globale ale biodiversității și 
pentru a le aborda printr-un proces decizional 
informat. Biodiversitatea biomului pădurilor 
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tropicale și a ecosistemelor fluviale din 
Filipine este, în general, insuficient studiată. 
Pentru a contribui la acest decalaj de date, 
studiul a documentat plantele vasculare ale 
râului Palina din Kibungan, Benguet, folosind 
metoda plotului. Râul Palina adăpostește în 
total 92 de specii de plante vasculare 
aparținând la 84 genuri și 42 familii. Dintre 
acestea, 61 de specii aparținând a 58 genuri și 
25 familii sunt ierburi pitice, ierburi și lăstari, 
în timp ce 36 de specii aparținând a 32 genuri 
și 25 familii reprezintă un tip de vegetație cu 
ierburi înalte, arbuști, liane și copaci. Pentru 
vegetația joasă, familiile Poaceae și 
Asteraceae au fost cele mai reprezentative cu 
19 și 9 specii, în timp ce familia Moraceae, 
pentru vegetația cățărătoare, a avut doar 5 
specii. În ansamblu, indicii de diversitate ai 
râului Palina, atât pentru vegetația joasă, cât 
și pentru vegetația cățărătoare, se încadrează 
în categoria foarte diversificată. Acest lucru 
ar putea fi atribuit variabilității mari a 
compoziției speciilor între stațiile de 
prelevare și prezenței mai multor specii 
endemice și indigene. O inovație importantă 
în studiu este utilizarea indicelui de specii 
endemice și indigene, pe care autorii îl propun 
ca o contabilizare brută, dar simplă, a acestor 
plante importante din punct de vedere 
ecologic. Rezultatele studiului au arătat 
eficacitatea managementului resurselor 
indigene în zonă și reprezintă informații de 
bază importante pentru elaborarea planurilor 
de conservare. 
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Table no. 2 The dominant low-lying vegetation in Palina River, Kibungan, Benguet by stations 
 

Upstream Station IV 
Ageratina riparia 16.63 

Miscanthus floridulus 8.03 
Coelorachis rottboellioides 6.38 

Galinsoga parviflora 5.11 
Pogonatherum crinitum 5.11 

Eleusine indica 4.93 
Sporobolus indicus 2.92 
Rubus fraxinifolius 2.92 

Pneumatopteris nitidula 2.92 
Desmodium procumbens 2.56 

Midstream Station IV 
Galinsoga parviflora 11.20 

Phragmites karka 10.40 
Paspalum conjugatum 7.80 

Pennisetum purpureum 6.00 
Ageratina riparia 5.60 

Tithonia diversifolia 5.40 
Eleusine indica 5.00 

Oplismenus hirtellus 4.60 
Ageratum conyzoides 3.20 

Desmodium velutinum 3.20 
Downstream Station IV 

Ageratina riparia 16.52 
Equisetum ramosissimum 12.19 

Coelorachis rottboellioides 7.96 
Paspalum conjugatum 6.66 

Elatostema banahaense 5.85 
Eleusine indica 5.14 

Galinsoga parviflora 5.14 
Crassocephalum crepidioides 4.44 

Oplismenus hirtellus 4.44 
Bidens pilosa 4.33 

Note: IV - Importance Value 
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Table 2a Population counts of low-lying vegetation in the Upstream Station of Palina River, 
Kibungan, Benguet 
 

Species ni Ji Di Fi RDi RFi IV 
Ageratina adenophora (Spreng.) R.M.King & H.Rob. 1 1 0.20 20 1.10 1.82 1.46 
Ageratina riparia (Regel) R.M.King & H.Rob. 22 5 4.40 100 24.18 9.09 16.63 
Ageratum conyzoides (L.) L. 1 1 0.20 20 1.10 1.82 1.46 
Bidens pilosa L. 1 1 0.20 20 1.10 1.82 1.46 
Coelorachis rottboellioides (R.Br.) A.Camus 5 4 1.00 80 5.49 7.27 6.38 
Coix lacryma-jobi L. 1 1 0.20 20 1.10 1.82 1.46 
Crassocephalum crepidioides (Benth.) S.Moore 1 1 0.20 20 1.10 1.82 1.46 
Cyathea contaminans (Wall. ex Hook.) Copel. 1 1 0.20 20 1.10 1.82 1.46 
Desmodium procumbens (Mill.) Hitchc. 3 1 0.60 20 3.30 1.82 2.56 
Desmodium velutinum (Willd.) DC. 1 1 0.20 20 1.10 1.82 1.46 
Dianella ensifolia (L.) DC. 1 1 0.20 20 1.10 1.82 1.46 
Digitaria violascens Link 1 1 0.20 20 1.10 1.82 1.46 
Eleusine indica (L.) Gaertn. 4 3 0.80 60 4.40 5.45 4.93 
Eragrostis frankii Steud. 2 1 0.40 20 2.20 1.82 2.01 
Erigeron sumatrensis Retz. 1 1 0.20 20 1.10 1.82 1.46 
Fallopia convolvulus (L.) Á.Löve 1 1 0.20 20 1.10 1.82 1.46 
Galinsoga parviflora Cav. 6 2 1.20 40 6.59 3.64 5.11 
Goniophlebium benguetense (Copel.) Copel. 1 1 0.20 20 1.10 1.82 1.46 
Gonostegia hirta (Blume ex Hassk.) Miq. 2 1 0.40 20 2.20 1.82 2.01 
Homalomena philippinensis Engl. 1 1 0.20 20 1.10 1.82 1.46 
Imperata cylindrica (L.) Raeusch. 1 1 0.20 20 1.10 1.82 1.46 
Lilium philippinense Baker 1 1 0.20 20 1.10 1.82 1.46 
Miscanthus floridulus (Labill.) Warb. 8 4 1.60 80 8.79 7.27 8.03 
Nephrolepis biserrata (Sw.) Schott 1 1 0.20 20 1.10 1.82 1.46 
Oplismenus hirtellus (L.) P.Beauv. 1 1 0.20 20 1.10 1.82 1.46 
Paspalum conjugatum P.J.Bergius 1 1 0.20 20 1.10 1.82 1.46 
Pneumatopteris nitidula Holttum 2 2 0.40 40 2.20 3.64 2.92 
Pogonatherum crinitum (Thunb.) Kunth 6 2 1.20 40 6.59 3.64 5.11 
Rubus fraxinifolius Poir. 2 2 0.40 40 2.20 3.64 2.92 
Rubus luzoniensis Merr. 2 1 0.40 20 2.20 1.82 2.01 
Saccharum spontaneum L. 1 1 0.20 20 1.10 1.82 1.46 
Schefflera obovata Merr. 1 1 0.20 20 1.10 1.82 1.46 
Setaria palmifolia (J.Koenig) Stapf 1 1 0.20 20 1.10 1.82 1.46 
Solanum americanum Mill. 1 1 0.20 20 1.10 1.82 1.46 
Sphaerostephanos hirsutus Holttum  1 1 0.20 20 1.10 1.82 1.46 
Sporobolus indicus (L.) R.Br. 2 2 0.40 40 2.20 3.64 2.92 
Tithonia diversifolia (Hemsl.) A.Gray 1 1 0.20 20 1.10 1.82 1.46 
Vanoverberghia sepulchrei Merr. 1 1 0.20 20 1.10 1.82 1.46 

Note: ni-number of individual of species; Ji-number of plot where the species occur; Di-Density of 
species; Fi-Frequency of species; RDi-Relative Density of species; RFi-Relative Frequency of species; 
IV - Importance Value 
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Table 2b Population counts of low-lying vegetation in the Midstream Station of Palina River, 
Kibungan, Benguet 
 

Species ni Ji Di Fi RDi RFi IV 
Ageratina riparia (Regel) R.M.King & H.Rob. 9 2 1.80 40 7.20 4.00 5.60 
Ageratum conyzoides (L.) L. 3 2 0.60 40 2.40 4.00 3.20 
Amaranthus spinosus L. 2 1 0.40 20 1.60 2.00 1.80 
Bidens pilosa L. 1 1 0.20 20 0.80 2.00 1.40 
Coelorachis rottboellioides (R.Br.) A.Camus 1 1 0.20 20 0.80 2.00 1.40 
Crassocephalum crepidioides (Benth.) S.Moore 1 1 0.20 20 0.80 2.00 1.40 
Cuphea viscosissima Jacq. 2 2 0.40 40 1.60 4.00 2.80 
Cynodon dactylon (L.) Pers. 5 1 1.00 20 4.00 2.00 3.00 
Cyperus distans L.f. 2 2 0.40 40 1.60 4.00 2.80 
Desmodium velutinum (Willd.) DC. 3 2 0.60 40 2.40 4.00 3.20 
Drymaria cordata (L.) Willd. ex Schult. 1 1 0.20 20 0.80 2.00 1.40 
Dysphania ambrosioides (L.) Mosyakin & Clemants 1 1 0.20 20 0.80 2.00 1.40 
Elephantopus tomentosus L. 3 1 0.60 20 2.40 2.00 2.20 
Eleusine indica (L.) Gaertn. 5 3 1.00 60 4.00 6.00 5.00 
Equisetum ramosissimum Desf. 3 1 0.60 20 2.40 2.00 2.20 
Erigeron sumatrensis Retz. 1 1 0.20 20 0.80 2.00 1.40 
Galinsoga parviflora Cav. 23 2 4.60 40 18.40 4.00 11.20 
Isachne pulchella Roth 1 1 0.20 20 0.80 2.00 1.40 
Odontosoria chinensis (L.) J. Sm. 2 1 0.40 20 1.60 2.00 1.80 
Oplismenus hirtellus (L.) P.Beauv. 4 3 0.80 60 3.20 6.00 4.60 
Paspalum conjugatum P.J.Bergius 12 3 2.40 60 9.60 6.00 7.80 
Pennisetum purpureum Schumach. 10 2 2.00 40 8.00 4.00 6.00 
Persicaria chinensis (L.) H. Gross 1 1 0.20 20 0.80 2.00 1.40 
Phragmites karka (Retz.) Trin. ex Steud. 16 4 3.20 80 12.80 8.00 10.40 
Polygonum perfoliatum L. 1 1 0.20 20 0.80 2.00 1.40 
Pseudognaphalium hypoleucum (DC.) Hill. & B.Burtt 1 1 0.20 20 0.80 2.00 1.40 
Setaria palmifolia (J.Koenig) Stapf 1 1 0.20 20 0.80 2.00 1.40 
Solanum americanum Mill. 2 2 0.40 40 1.60 4.00 2.80 
Spergula arvensis L. 1 1 0.20 20 0.80 2.00 1.40 
Sphaerostephanos hirsutus Holttum 1 1 0.20 20 0.80 2.00 1.40 
Tithonia diversifolia (Hemsl.) A.Gray 6 3 1.20 60 4.80 6.00 5.40 

Note: ni-number of individual of species; Ji-number of plot where the species occur; Di-Density of 
species; Fi-Frequency of species; RDi-Relative Density of species; RFi-Relative Frequency of species; 
IV - Importance Value 
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Table 2c Population counts of low-lying vegetation in the Downstream Station of Palina River, 
Kibungan, Benguet 
 

Species ni Ji Di Fi RDi RFi IV 
Ageratina adenophora (Spreng.) R.M.King & H.Rob. 1 1 0.20 20 1.41 3.03 2.22 
Ageratina riparia (Regel) R.M. King & H.Rob. 17 3 3.40 60 23.94 9.09 16.52 
Alternanthera sessilis (L.) R.Br. ex DC. 1 1 0.20 20 1.41 3.03 2.22 
Bidens pilosa L. 4 1 0.80 20 5.63 3.03 4.33 
Cardamine hirsuta L. 1 1 0.20 20 1.41 3.03 2.22 
Coelogyne merrillii Ames 1 1 0.20 20 1.41 3.03 2.22 
Coelorachis rottboellioides (R.Br.) A.Camus 7 2 1.40 40 9.86 6.06 7.96 
Crassocephalum crepidioides (Benth.) S.Moore 2 2 0.40 40 2.82 6.06 4.44 
Cypholophus brunneolus Elmer 2 1 0.40 20 2.82 3.03 2.92 
Drymaria cordata (L.) Willd. ex Schult. 1 1 0.20 20 1.41 3.03 2.22 
Echinochloa colona (L.) Link 1 1 0.20 20 1.41 3.03 2.22 
Elatostema banahaense C.B.Rob. 4 2 0.80 40 5.63 6.06 5.85 
Eleusine indica (L.) Gaertn. 3 2 0.60 40 4.23 6.06 5.14 
Equisetum ramosissimum Desf. 13 2 2.60 40 18.31 6.06 12.19 
Galinsoga parviflora Cav. 3 2 0.60 40 4.23 6.06 5.14 
Mazus pumilus (Burm.f.) Steenis 1 1 0.20 20 1.41 3.03 2.22 
Miscanthus floridulus (Labill.) Warb. 1 1 0.20 20 1.41 3.03 2.22 
Oplismenus hirtellus (L.) P.Beauv. 2 2 0.40 40 2.82 6.06 4.44 
Paspalum conjugatum P.J.Bergius 3 3 0.60 60 4.23 9.09 6.66 
Persicaria chinensis (L.) H. Gross 1 1 0.20 20 1.41 3.03 2.22 
Setaria palmifolia (J.Koenig) Stapf 1 1 0.20 20 1.41 3.03 2.22 
Tithonia diversifolia (Hemsl.) A.Gray 1 1 0.20 20 1.41 3.03 2.22 

Note: ni-number of individual of species; Ji-number of plot where the species occur; Di-Density of 
species; Fi-Frequency of species; RDi-Relative Density of species; RFi-Relative Frequency of species; 
IV - Importance Value 
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Table no. 3  The dominant over-hanging vegetation in Palina River, Kibungan, Benguet by stations 
 

Upstream Station IV 
Miscanthus floridulus 11.32 

Pinus kesiya  8.88 
Maesa indica 8.88 

Cyathea contaminans 7.66 
Saurauia elegans 7.66 

Alnus japonica  6.44 
Leucosyke benguetensis 6.44 

Ficus benguetensis 5.66 
Pipturus arborescens 5.66 

Homalanthus macradenius 4.44 
Midstream Station IV 

Tithonia diversifolia  22.53 
Ficus ampelas  15.48 

Pennisetum purpureum 14.37 
Brugmansia arborea 9.27 
Dinochloa acutiflora 9.27 

Cyathea contaminans  6.21 
Viburnum odoratissimum 6.21 

Syzygium calubcob 6.21 
Miscanthus floridulus 5.19 

Alnus japonica 5.19 
Downstream Station IV 

Miscanthus floridulus 12.75 
Alnus japonica  11.50 

Cinnamomum mercadoi 6.50 
Viburnum odoratissimum  6.50 

Cyathea contaminans 5.75 
Deutzia pulchra 5.75 

Bischofia javanica  3.25 
Dinochloa acutiflora 3.25 

Ficus benguetensis 3.25 
Ficus minahassae  3.25 

Note: IV - Importance Value 
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Table 3a Population counts of over-hanging vegetation in the Upstream Station of Palina River, 
Kibungan, Benguet 
 

Species ni Ji Di Fi RDi RFi IV 
Alnus japonica (Thunb.) Steud. 2 2 0.05 100 4.88 8.00 6.44 
Bischofia javanica Blume 1 1 0.03 50 2.44 4.00 3.22 
Cinnamomum mercadoi S.Vidal 1 1 0.03 50 2.44 4.00 3.22 
Clethra canescens var. luzonica (Merr.) Sleumer 1 1 0.03 50 2.44 4.00 3.22 
Cyathea contaminans (Wall. ex Hook.) Copel. 3 2 0.08 100 7.32 8.00 7.66 
Deutzia pulchra S.Vidal 1 1 0.03 50 2.44 4.00 3.22 
Eurya coriacea Merr. 1 1 0.03 50 2.44 4.00 3.22 
Ficus benguetensis Merr. 3 1 0.08 50 7.32 4.00 5.66 
Leucosyke benguetensis Unruh 2 2 0.05 100 4.88 8.00 6.44 
Machilus philippinensis Merr. 1 1 0.03 50 2.44 4.00 3.22 
Maesa indica (Roxb.) A. DC. 4 2 0.10 100 9.76 8.00 8.88 
Miscanthus floridulus (Labill.) Warb. 6 2 0.15 100 14.63 8.00 11.32 
Omalanthus macradenius Pax & Hoffm. 2 1 0.05 50 4.88 4.00 4.44 
Pinus kesiya Royle ex Gordon 4 2 0.10 100 9.76 8.00 8.88 
Pipturus arborescens (Link) C.B. Rob.  3 1 0.08 50 7.32 4.00 5.66 
Saurauia elegans Fern.-Vill. 3 2 0.08 100 7.32 8.00 7.66 
Tithonia diversifolia (Hemsl.) A.Gray 2 1 0.05 50 4.88 4.00 4.44 
Viburnum odoratissimum Ker Gawl. 1 1 0.03 50 2.44 4.00 3.22 

Note: ni-number of individual of species; Ji-number of plot where the species occur; Di-Density of 
species; Fi-Frequency of species; RDi-Relative Density of species; RFi-Relative Frequency of species; 
IV - Importance Value 
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Table 3b Population counts of over-hanging vegetation in the Midstream Station of Palina 
River, Kibungan, Benguet 
 

Species ni Ji Di Fi RDi RFi IV 
Alnus japonica (Thunb.) Steud. 1 1 0.025 50 2.04 8.33 5.19 
Bischofia javanica Blume 1 1 0.025 50 2.04 8.33 5.19 
Brugmansia arborea (L.) Steud. 5 1 0.125 50 10.20 8.33 9.27 
Cratoxylum sumatranum (Jack) Blume 1 1 0.025 50 2.04 8.33 5.19 
Cyathea contaminans (Wall. ex Hook.) Copel. 2 1 0.05 50 4.08 8.33 6.21 
Dinochloa acutiflora (Munro) Soenarko 5 1 0.125 50 10.20 8.33 9.27 
Ficus ampelas Burm.f. 7 2 0.175 100 14.29 16.67 15.48 
Ficus variegata Blume 1 1 0.025 50 2.04 8.33 5.19 
Millettia pachycarpa Benth. 1 1 0.025 50 2.04 8.33 5.19 
Miscanthus floridulus (Labill.) Warb. 1 1 0.025 50 2.04 8.33 5.19 
Pennisetum purpureum Schumach. 10 1 0.25 50 20.41 8.33 14.37 
Pinus kesiya Royle ex Gordon 1 1 0.025 50 2.04 8.33 5.19 
Rubus copelandii Merr. 1 1 0.025 50 2.04 8.33 5.19 
Syzygium calubcob (C.B.Rob.) Merr. 2 1 0.05 50 4.08 8.33 6.21 
Tithonia diversifolia (Hemsl.) A.Gray 18 1 0.45 50 36.73 8.33 22.53 
Vaccinium barandanum S.Vidal 1 1 0.025 50 2.04 8.33 5.19 
Viburnum odoratissimum Ker Gawl. 2 1 0.05 50 4.08 8.33 6.21 

Note: ni-number of individual of species; Ji-number of plot where the species occur; Di-Density of 
species; Fi-Frequency of species; RDi-Relative Density of species; RFi-Relative Frequency of species; 
IV - Importance Value 
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Table 3c Population counts of over-hanging vegetation in the Downstream Station of Palina 
River, Kibungan, Benguet 
 

Species ni Ji Di Fi RDi RFi IV 
Alnus japonica (Thunb.) Steud. 6 2 0.15 100 15.00 8.00 11.50 
Bischofia javanica Blume 1 1 0.03 50 2.50 4.00 3.25 
Cinnamomum mercadoi S.Vidal 2 2 0.05 100 5.00 8.00 6.50 
Cyathea contaminans (Wall. ex Hook.) Copel. 3 1 0.08 50 7.50 4.00 5.75 
Deutzia pulchra S.Vidal 3 1 0.08 50 7.50 4.00 5.75 
Dinochloa acutiflora (Munro) Soenarko 1 1 0.03 50 2.50 4.00 3.25 
Ficus benguetensis Merr. 1 1 0.03 50 2.50 4.00 3.25 
Ficus minahassae (Teijsm. & Vriese) Miq. 1 1 0.03 50 2.50 4.00 3.25 
Ficus ulmifolia Lam. 1 1 0.03 50 2.50 4.00 3.25 
Ficus ampelas Burm.f. 1 1 0.03 50 2.50 4.00 3.25 
Ficus variegata Blume 1 1 0.03 50 2.50 4.00 3.25 
Leea indica (Burm. f.) Merr 1 1 0.03 50 2.50 4.00 3.25 
Leucosyke benguetensis Unruh 1 1 0.03 50 2.50 4.00 3.25 
Macaranga cumingii (Baill.) Müll.Arg. 1 1 0.03 50 2.50 4.00 3.25 
Medinilla magnifica Lindl. 1 1 0.03 50 2.50 4.00 3.25 
Miscanthus floridulus (Labill.) Warb. 7 2 0.18 100 17.50 8.00 12.75 
Pennisetum purpureum Schumach. 2 1 0.05 50 5.00 4.00 4.50 
Poikilospermum suaveolens (Blume) Merr. 1 1 0.03 50 2.50 4.00 3.25 
Premna serratifolia L. 2 1 0.05 50 5.00 4.00 4.50 
Vanoverberghia sepulchrei Merr. 1 1 0.03 50 2.50 4.00 3.25 
Viburnum odoratissimum Ker Gawl. 2 2 0.05 100 5.00 8.00 6.50 

Note: ni-number of individual of species; Ji-number of plot where the species occur; Di-Density of 
species; Fi-Frequency of species; RDi-Relative Density of species; RFi-Relative Frequency of species; 
IV - Importance Value 
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Table 5a List of Endemic and Indigenous Species in Palina River 
 

Endemic Species Indigenous Species 
Cinnamomum mercadoi S.Vidal Amaranthus spinosus L. 
Clethra canescens var. luzonica (Merr.) Sleumer Bidens pilosa L. 
Coelogyne merrillii Ames Bischofia javanica Blume 
Cyathea contaminans (Wall. ex Hook.) Copel. Coelorachis rottboellioides (R.Br.) A.Camus 
Deutzia pulchra S.Vidal Cratoxylum sumatranum (Jack) Blume 
Elatostema banahaense C.B.Rob. Cynodon dactylon (L.) Pers. 
Eurya coriacea Merr. Cyperus distans L.f. 
Ficus ulmifolia Lam. Cypholophus brunneolus Elmer 
Goniophlebium benguetense (Copel.) Copel. Desmodium velutinum (Willd.) DC. 
Homalomena philippinensis Engl. Dianella ensifolia (L.) DC. 
Leucosyke benguetensis Unruh Digitaria violascens Link 
Lilium philippinense Baker Dinochloa acutiflora (Munro) Soenarko 
Omalanthus macradenius Pax & Hoffm. Echinochloa colona (L.) Link 
Rubus copelandii Merr. Eleusine indica (L.) Gaertn. 
Rubus luzoniensis Merr. Equisetum ramosissimum Desf. 
Saurauia elegans Fern.-Vill. Ficus benguetensis Merr. 
Schefflera obovata Merr. Ficus minahassae (Teijsm. & Vriese) Miq. 
Vaccinium barandanum S.Vidal Ficus ampelas Burm.f. 
Vanoverberghia sepulchrei Merr. Ficus variegata Blume 
 Gonostegia hirta (Blume ex Hassk.) Miq. 
 Imperata cylindrica (L.) Raeusch. 
 Isachne pulchella Roth 
 Leea indica (Burm. f.) Merr 
 Macaranga cumingii (Baill.) Müll. Arg. 
 Machilus philippinensis Merr. 
 Maesa indica (Roxb.) A. DC. 
 Mazus pumilus (Burm.f.) Steenis 
 Medinilla magnifica Lindl. 
 Millettia pachycarpa Benth. 
 Miscanthus floridulus (Labill.) Warb. 
 Nephrolepis biserrata (Sw.) Schott 
 Odontosoria chinensis (L.) J. Sm. 
 Oplismenus hirtellus (L.) P. Beauv. 
 Persicaria chinensis (L.) H. Gross 
 Phragmites karka (Retz.) Trin. ex Steud. 
 Pinus kesiya Royle ex Gordon 
 Pipturus arborescens (Link) C.B. Rob. 
 Pneumatopteris nitidula Holttum 
 Pogonatherum crinitum (Thunb.) Kunth 
 Poikilospermum suaveolens (Blume) Merr. 
 Polygonum perfoliatum L. 
 Pseudognaphalium hypoleucum (DC.) Hilliard 

& B. Burtt 
 Rubus fraxinifolius Poir. 
 Saccharum spontaneum L. 
 Setaria palmifolia (J.Koenig) Stapf 
 Sphaerostephanos hirsutus Holttum 
 Syzygium calubcob (C.B. Rob.) Merr. 
 Viburnum odoratissimum Ker Gawl. 
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