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Abstract  

The Municipality of Atok in Benguet Province, 
Philippines is a landslide prone area due to its 
mountainous topography, occurrence of earthquake 
and heavy rainfalls brought by monsoon rains and 
typhoons, and human activities such as excavations 
and road construction. In the past years, massive 
landslides washed off vegetation cover of several 
areas in Atok, leaving these barren. Several of 
these landslide scars were left untouched, and 
eventually, revegetated by recolonizing species. In 
this study, we conducted vegetation analysis of a 
four-year-old landslide scar in Poblacion Central, 
Atok, Benguet Province, Philippines. The vegetation 
analysis was performed within the landslide scar 
and the adjacent uneroded area, using line 
transects and quadrats, to determine the frequency 
and cover of the recolonizing species. The most 
dominant species was determined from the 
importance values computed from the relative 
frequency and relative cover. There were 19 
species identified in the landslide scar. The 
dominant species are the Campylopus sp., 
Paspalum longifolium and Eupatorium 
adenophorum with importance values of 30.365%, 
22.597% and 11.704% respectively. Comparatively, 
there were 21 species identified in the adjacent 
uneroded area, of which the dominant species are 
Paspalum distichum, Pteridium aquilinum, and 
Paspalum longifolium with importance values of 
25.461%, 13.050%, and 12.105% respectively. This 
study was conducted to document the recolonizing 
plant species in the landslide scar that can be used 
as revegetation species in other landslides. 
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1. Introduction 

The occurrence of landslides is a geological 
phenomenon that is characterized by downslope 
movement of vegetation, soil, and saprolite under 
the influence of gravity. Landslide occurs in 
unstable slopes that is infiltrated by rain or affected 
by earthquakes [1]. In the Philippines, the 
municipality of Atok, Benguet Province is one of the 
areas that are prone to landslides. The vulnerability 

of this area to landslides is attributed primarily to its 
topography, occurrence of earthquake and heavy 
rainfall. The Municipality of Atok is found in the 
mountainous Cordillera Central Range, which is 
characterized by steep slopes. In addition, the 
Central Cordillera Range is crossed by the Digdig 
Fault, which has recorded a large magnitude 
earthquake last July 16, 1990 and has resulted to 
innumerable landslides and slope failure [2,3]. This 
is worsened by anthropogenic activities such as 
excavations and road construction. Furthermore, 
strong typhoons usually visit the municipality during 
the months of June – November, causing the 
frequent occurrence of erosion.  

The occurrence of landslide changes landscape 
and vegetation that affects ecology of the eroded 
area. Specifically, the occurrence of landslide 
moves soil, vegetation and saprolite downslope. 
The landslide zone becomes barren with poorly 
weathered rocks. Small scale erosion can continue 
until the landslide scar becomes stable. The erosion 
of area strips the vegetation cover leaving the area 
barren. However through time, plants naturally 
recolonize the landslide area.  Natural 
recolonization of a landslide scar can be influenced 
by the adjacent vegetation [1, 4]. 

Landslides, as an ecological disturbance, alter 
mountainscape and biological organization of an 
ecosystem [1,4]. As an ecological disturbance, 
landslides promote surface weathering and soil 
infilling, and influences light conditions and amount 
of precipitation [5].  Impacts and vegetation 
recovery of landslides have gain attention in 
ecological and geomorphological studies [6]. Hence, 
species composition of landslides has been 
documented in several studies [7, 8, 9]. Succession 
in a landslide scar results to recolonization, which 
contributes variation in vegetation [1, 4]. In addition, 
the recolonization of a landslide scar is important in 
vegetation recovery that contributes soil stability [1]. 
Likewise, studies on landslide recolonization can 
provide insights in restoration of disturbed habitats 
[5].  

In the Philippines, most of the studies conducted 
regarding landslides have focused on the impacts, 
yet there are few studies on natural colonization. 
The identification of recolonizing species can 
indicate suitable species that can be used for soil 
stabilization. In addition, baseline data on 
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vegetation analysis can be useful in the 
rehabilitation and mitigation of landslides. In this 
study, vegetation analysis was conducted on a four 
year old landslide scar in Poblacion Central, Atok, 
Benguet Province to document the recolonizing 
plant species. Specifically, this study had two fold 
objectives as follows: (1) to identify the pioneering 
species in a landslide scar in Poblacion Central, 
Atok and (2) to determine the dominant species, 
which can be used as revegetation species in other 
landslides. 

2. Methods 

Study site 

Atok is one of the 13 municipalities of Benguet 
Province, which is characterized by mountainous 
terrain and steep slopes. After the July 1990 
earthquake, the incidence of landslides in Atok has 
increased. Specifically, one of the barangays that 
has been affected by frequent land sliding is 
Poblacion Central.  It is located about 21.5 km 
North East of Baguio City, within the latitude  
16°33’19.44” and 120°40’55.92”. During surveys, 
several landslides were identified in Poblacion 
Central, most of which were left unattended. The 
study site has an estimated area of 3000 m

2
, an 

elevation range of 1590 to 1626 meters above sea 
level and an average slope of 60° (Figure 1). 
According to the local residents, the landslide was 
triggered by the heavy rains brought by Typhoon 
Pharma, locally named as Pepeng, last November 
2009. 
 

 
Figure 1. Location of the landslide scar. 

 

Vegetation analysis 

The plant species found on the landslide scar and 
adjacent uneroded area were assessed using the 

gradient transect method. Four 50-meter transect 
lines were laid on the site and 1 x 1 m quadrats 
were nested on each line transect at four-meter 
intervals. The plant species occurring in each 
quadrat were collected and identified. The 
percentage cover and frequency of each plant 
species were measured and the relative cover and 
relative frequency were computed. Likewise, the 
importance value of each plant species was also 
determined. To determine the influence of the 
adjoining vegetation, the similarity index using 
Sorenson’s Coefficient of the landslide scar and 
adjacent uneroded area was computed. 

3. Results and Discussion 

Species composition of the landslide scar and 
adjacent uneroded area 

 Based on the vegetation analysis, there were 19 
species, belonging to 15 families, identified on the 
landslide scar. These include two species of lichen 
(Stereocaulon sp. and Parmelia sp.), one species of 
moss (Campylopus sp.), four species of fern and 
fern allies (Lycopodium cernuum L., 
Hymenophyllum sp., Dipteris conjugata Reinw., 
Dicranopteris linearis (Burm.f.) Underw.), and 12 
species of higher vascular plants. The most 
dominant species is Campylopus sp. followed by 
Paspalum longifolium Roxb. and Eupatorium 
adenophorum Spreng.  with importance values of 
30.365%, 22.597% and 12.314%, respectively 
(Table 1). Campylopus species tend to dominate as 
colonists, which are capable of flourishing in barren 
areas exposed to sunlight [10]. In addition, mosses 
are pioneering species in an ecological succession. 
Mosses prefer bare ground where there is less 
competition and play an important role in regulating 
soil climate and biogeochemical cycling [11]. The 
other species on the landslide scar are grasses and 
herbs, mostly belonging to Family Poaceae and 
Asteraceae. Similar studies showed that grasses 
and herbs can recolonize landslide scars in a short 

period of time [8,12]. Grasses and 
herbs can be dispersed by wind and 
have the capacity to grow their roots 
at greater depth [12]. Easy dispersal 
and resistance to climatic and 
physical restrictions are significant to 
recolonizing species [4]. Aside from 
the grasses and herbs, several 
species of lichen and ferns were also 
identified. Comparable to mosses, 

lichens and ferns are important in landslide scar 
succession though ferns were reported to retard 
forest recovery [1]. 
 

 

 
 



eeJJBBiioo  Electronic  Journal of Biology, 2015, Vol. 11(2):52-56 

ISSN 1860-3122 - 54 - 

Table 1. Plant Species and their importance values on the landslide scar 

 

Species Family Cover 
Relative 
Cover 

(%) 
Frequency 

Relative 
Frequency 

(%) 

Importance 
Value 
(%) 

Campylopus sp. Dicranaceae 5.078 43.339 66.667 17.391 30.365 

Paspalum longifolium Roxb. Poaceae 3.258 27.803 66.667 17.391 22.597 

Eupatorium adenophorum Spreng. Asteraceae 0.976 8.325 62.500 16.304 12.314 

Paspalum distichum L. Poaceae 1.156 9.868 37.500 9.783 9.825 

Pinus kesiya ex. Gordon Pinaceae 0.312 2.666 25.000 6.522 4.594 

Stereocaulon sp. Stereocaulaceae 0.117 0.999 29.167 7.609 4.304 

Lycopodium cernuum L. Lycopodiaceae 0.188 1.600 16.667 4.348 2.974 

Hymenophyllum sp. Hymenophyllaceae 0.133 1.133 12.500 3.261 2.197 

Dicranopteris linearis (Burm.f.) 
Underw. 

Gleicheniaceae 0.047 0.399 12.500 3.261 1.830 

Dianella javanica Kunth. Liliaceae 0.125 1.067 8.333 2.174 1.620 

Thysanolaena maxima Kuntze Poaceae 0.188 1.600 4.167 1.087 1.344 

Dipteris conjugata Reinw. Dipteridaceae 0.039 0.333 8.333 2.174 1.254 

Paspalum vaginatum Sw. Poaceae 0.023 0.200 8.333 2.174 1.187 

Melastoma affine D. Don Melastomataceae 0.031 0.267 4.167 1.087 0.677 

Rubus fraxinifolius Poir. Rosaceae 0.016 0.133 4.167 1.087 0.610 

Parmelia sp. Parmeliaceae 0.008 0.067 4.167 1.087 0.577 

Eupatorium triplinerve Vahl. Asteraceae 0.008 0.067 4.167 1.087 0.577 

Coriaria intermedia Matsum. Coriariaceae 0.008 0.067 4.167 1.087 0.577 

Desmodium cinereum (Kunth) DC. Fabaceae 0.008 0.067 4.167 1.087 0.577 

 

The vegetation on the adjacent uneroded area is 
primarily composed of grasses with few species of 
ferns and herbaceous plants. There were 21 
species belonging to ten families identified.  These 
include three species of fern and its allies 
(Hymenophyllum sp., Pteridium aquilinum L.Kuhn, 
and Pteris sp.) and 18 species of higher vascular 
plants (Table 2).  Of the 21 species surveyed within 
the adjacent vegetation, eight were similarly found 
in the landslide scar, namely – Hymenophyllum sp., 
Eupatorium adenophorum Spreng., Eupatorium 
triplinerve Vahl., Desmodium cinereum (Kunth) DC., 
Melastoma affine D. Don, Paspalum distichum L., 

Paspalum longifolium Roxb., and Paspalum 
vaginatum Sw.. Using Sorenson’s coefficient, the 
similarity index computed for the landslide scar and 
the adjacent uneroded area is 0.4. This indicates 
moderate similarity of species between the 
landslide scar and the adjacent vegetation. Similar 
studies have showed that there is similarity in the 
plant species observed on the landslide and the 
adjacent vegetation [8, 9]. The adjacent vegetation 
can influence the recolonizing species in a landslide 
through dispersal by wind and animals like birds 
and insects. Moreover, native species tend to 
recolonize the landslide scar [7].  

 
Table 2. Plant species and their importance values adjacent uneroded area 

 

Species Family Cover 
Relative 
Cover 

(%) 
Frequency 

Relative 
Frequency 

(%) 

Importance 
Value 

(%) 

Paspalum distichum L. Poaceae 6.030 33.065 78.947 17.857 25.461 
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Pteridium aquilinum (L.) Kuhn Dennstaedtiaceae 3.240 17.766 36.842 8.333 13.050 

Paspalum longifolium Roxb. Poaceae 2.027 11.114 57.895 13.095 12.105 

Pteris sp. Dennstaedtiaceae 0.622 3.411 47.368 10.714 7.063 

Paspalum vaginatum Sw. Poaceae 0.592 3.246 36.842 8.333 5.790 

Desmodium cinereum (Kunth) 

DC. 
Fabaceae 0.960 5.264 15.789 3.571 4.418 

Melastoma affine D. Don Melastomataceae 0.532 2.917 21.053 4.762 3.840 

Axonopus compressus (Sw.) 

P. Beauv. 
Poaceae 0.720 3.948 15.789 3.571 3.760 

Calliandra calothyrsus Meissn. Fabaceae 0.516 2.829 15.789 3.571 3.200 

Paspalum conjugatum P.J. 

Berguis 
Poaceae 0.720 3.948 10.526 2.381 3.165 

Eupatorium triplinerve Vahl. Asteraceae 0.492 2.698 15.789 3.571 3.135 

Rubus fraxinifolius Poir. Rosaceae 0.448 2.457 15.789 3.571 3.014 

Drymaria cordata (L.) Willd. ex 
Schult. 

Caryophyllaceae 0.280 1.535 15.789 3.571 2.553 

Cyperus kyllingia Endl. Cyperaceae 0.320 1.755 10.526 2.381 2.068 

Centella asiatica (L.) Urb. Fabaceae 0.280 1.535 10.526 2.381 1.958 

Hymenophyllum sp. Hymenophyllaceae 0.240 1.316 5.263 1.190 1.253 

Eupatorium adenophorum 
Spreng. 

Asteraceae 0.006 0.033 10.526 2.381 1.207 

Polygonum barbatum L. Polygonaceae 0.080 0.439 5.263 1.190 0.815 

Miscanthus floridulus Warb. ex 
K. Schum. & Lauterb. 

Poaceae 0.050 0.274 5.263 1.190 0.732 

Imperata cylindrica Raeusch. Poaceae 0.042 0.230 5.263 1.190 0.710 

Blumea balsamifera DC. Asteraceae 0.040 0.219 5.263 1.190 0.705 

 

Compared to the landslide scar, the dominant 
species on the uneroded area are different. 
Paspalum distichum L. is the most dominant with 
importance value of 25.461% followed by Pteridium 
aquilinum (L.) Kuhn and Paspalum longifolium Roxb, 
with importance values of 13.050%, and 12.105%, 
respectively. In addition, the importance values of 
the species similar to the landslide and adjacent 
uneroded areas differ.  

Comparatively, the adjacent uneroded area is 
predominated by Paspalum distichum L. – 
Pteridium aquilinum (L.) Kuhn – Paspalum 
longifolium Roxb., while the eroded areas are 
dominated by Campylopus sp. – Paspalum 
longifolium Roxb. – Eupatorium adenophorum 
Spreng. in decreasing order of importance values. 
This indicates the influence of landslide in altering 
vegetation and in changing biological organization 
of an environment. The occurrence of landslides 
alters the dominance of species and allows the 
growth of pioneering species such as mosses and 
ferns, thereby contributing to altered biodiversity. In 
addition, landslide contributes to functional stability 

of the ecosystem as the biological organization is 
altered [4, 5, 13]. 

Recolonization in a landslide scar 

Recolonization of plants in a landslide scar takes 
time. Based on studies, trajectories on the 
vegetation assemblage differ and may be 
unpredictable. For forest recovery, it may take more 
than a decade for trees to reorganize, while grasses 
can recolonize landslide scar in about six years [1, 
7, 12 ]. 

In this particular study, vegetation assemblage 
has been observed on a four-year old landslide scar. 
The presence of plant species indicated initial 
recolonization. The vegetation on the adjacent 
uneroded area, the position of the landslide scar 
relative to the adjacent vegetation, dispersal factors, 
climate, physical restrictions, and biological 
interactions are important factors that influence 
recolonization [1, 5, 13].   

The succession of species varies on different 
landslide substrate condition, which primarily 
includes soil fertility and stability. Primary 
succession is commonly observed in areas of little 
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biological legacy or unfavorable environmental 
conditions. Pioneering species are dependent of the 
substrate characteristics of the landslide scar. None 
vascular plants such as mosses can thrive on 
unstable and infertile substrate though succession 
rate is slow. Ferns tend to thrive in unstable and 
fertile soils by forming mats. Herbs, shrubs and 
trees prefer stable and fertile substrate, which 
allows fast rate of succession [5].  

Succession in landslide results to vegetation 
recovery. Vegetation of a landslide scar helps in soil 
stabilization. The vegetation on a landslide scar 
intercepts rainfall and the roots of plants reinforce 
the soil through aggregation [1,5]. Grasses were 
demonstrated to develop resistance to pulling, 
which is a good indication of soil stabilization [12]. 
Accordingly, studies on landslide succession have 
been crucial for designing restoration strategies [5]. 
The identification of the recolonizing species can 
specify species, which are suitable for preventing 
erosion [12]. Further, the interaction between 
adjacent vegetation and landslides is significant in 
recolonization, which can indicate strategies in 
rehabilitating and mitigating of landslides [1, 6]. 

4. Conclusions 

The vegetation analysis of the landslide scar in 
Poblacion Central, Atok, Benguet Province has 
shown initial recolonization of species. Pioneering 
species found in the landslide are composed of two 
lichen species, one moss species, four species of 
ferns and fern allies, and 12 species of higher 
vascular plants. Of the 19 species identified in the 
landslide scar, the most dominant is Campylopus sp. 
with an importance value of 30.365%. In 
comparison with the adjacent uneroded area, there 
were 21 species identified, in which the most 
dominant is Paspalum distichum L. with an 
importance value of 25.461%. Eight of the species 
identified in the adjacent uneroded area are similar 
with the landslide scar, indicating the influence of 
adjacent vegetation in recolonization. The 
adaptability of these species to other landslides is 
recommended for further study. 
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