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ABSTRACT

This study covers the vegetation composition and diversity in two heavy 
metal sites with distinct climatic and edaphic environments in the Philippines, 
Zambales, and  Surigao del  Norte  in  the  northern  and  southern  regions, 
respectively, Tree density and basal area were higher in Zambales than in 
Surigao del Norte. Species diversity, however, was higher in Surigao del Norte 
site (H’=1.1071) than in Zambales, which may be attributed to high water and 
nutrient availability and unique geologic formations. Soil properties also varied, 
with higher organic matter concentration in Surigao del Norte. Twenty-one out 
of 35 taxonomic families in both sites were common in serpentine soils. Nine 
families were recorded to have a large number of individuals on both sites. A total 
of 11 species were known metallophytes of which four are Ni  hyperaccumulators 
and seven are endemic to both sites. These Ni hyperaccumulators have a high 
potential for phytoremediation, phytostabilization, and rhizofiltration. However, 
due to the scarce information on Ni hyperaccumulators, conservation statuses 
of most of them are unknown. Agricultural interference, site destruction and 
excessive mining are some of the factors contributing to the diminishing fate of 
metallophytes. Thus, it calls for its prioritization in biodiversity conservation.
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INTRODUCTION

The Philippines contains a diverse range of forest formations. These forest 
formations occur over different substrates that are often associated with distinct 
vegetation (Fernando et al. 2008). Ultramafic soils host a unique habitat of 
plant communities. Ultramafic refers to igneous or metamorphic rocks which 
contain less than 45% silica and high concentrations of Mg, Cr, Co and Ni, 
and low concentrations of P, K, and Ca (Proctor 2003). Poor productivity, high 
rates of endemism and vegetation type distinct from those surrounding areas are 
collective traits of this soil type (Bani et al. 2010). Metallophytes are the natural 
component of vegetation in this type of substrate (Fernando et al. 2013). These 
species are able to grow in soils with high levels of metals and metalloids and 
usually show high amounts of heavy metals such as Ni and Co compared to 
plants in other soil types (Alford et al. 2010; Bani et al. 2010). However, some 
metallophytes called hyperaccumulators  have the capacity to accumulate higher 
concentrations of metallic or metalloid elements (Ginocchio and Baker 2004; 
van der Ent et al. 2012). For example, nickel hyperaccumulators are recognized 
to have Ni concentration at 1000 µg/g in its above-ground tissue (van der Ent et 
al. 2013). Metallophytes also have the potential for phytoremediation especially 
in mined-out areas, phytomining, phytostabilization, phytovolatilization, 
phytoprospection, and rhizofiltration (Chaney et al. 1997; Ciarkowska and 
Fajerska 2008; Fernando et al. 2013). Several studies have already identified or 
described plants that thrive in heavy metal-enriched soils and mined-out sites in 
Europe (e.g. Reeves and Brooks 1983; Punz 1995; Korycinska 2006; Holyoak 
and Baker 2004), South America (e.g. Ginocchio and Baker 2004), Africa (e.g. 
Malaisse et al. 1999), and Asia (e.g. Rotkittikhun et al. 2006; Claveria et al. 
2010; van der Ent et al. 2013; Fernando et al. 2013, 2014; Quimado et al. 2015). 
The degradation of forests has become one of the serious environmental impacts 
of mining (Kobayashi 2009; Fernando et al. 2013). Thus, information on 
species composition, diversity indices, and related data about metallophytes are 
important for their conservation. This can also be useful in mining industries and 
policy making for the conservation of native metallophytes for phytoremediation.

OBJECTIVES OF THE STUDY

This study aimed to: 1) identify and compare metallophytes present in two 
ultramafic sites in the Philippines; and 2) determine their current composition 
and diversity.
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MATERIALS AND METHODS

Description of the Study Sites
Two mining sites were selected for this study, namely; DMCI Mining 

Corporation (DMC) in Zambales and Central Luzon and Taganito Mining 
Corporation (TMC) in Surigao del Norte in northeastern Mindanao. DMC is 
located in Central Luzon at 15° 42’ 0” N and 120° 4’ 1” E and an elevation of 
657 m. It has a Type I climate with the distinct dry season from November to 
April and wet during the rest of the year. Average annual rainfall in Zambales is 
287.58 mm (PAG-ASA 2014). TMC is located at 9° 30’ 0” N and 125° 53’ 0” 
E of Claver, Surigao del Norte with an elevation of 55-76 m. Claver falls under 
Type II climate with no definite dry season and a pronounced maximum rainfall 
was occurring from November to January. Surigao del Norte has an average 
annual rainfall of 304.32 mm (PAG-ASA 2014).

Vegetation Sampling
A 20 x 20 m plot divided into eight 5 x 5 m quadrats was randomly established 

at each site. Diameter at breast height and a total height of all species (≥ 1 cm 
diameter) was recorded. Samples were also collected as voucher and herbarium 
specimens.
 
Soil Analysis

Rhizosphere soil samples inside the plots were collected, air-dried, and stored 
in polyethylene bags. Soil analysis to determine organic matter (OM) content, 
pH, cation exchange, and calcium and magnesium contents were done at the 
Agricultural Systems Cluster, University of the Philippines Los Baños.
 
Data Analysis

Shannon-Wiener (H’) and Simpson’s (D) diversity indices were computed 
using the BioDiversity Pro software. Species richness and evenness were also 
determined for each of the plots. Tree density and basal area were also computed. 
H’ was computed as H’ =    pi ln pi: where pi is the proportion of individual 
species i. On the other hand, D was computed as D = [N (N - 1)]/    ni (ni - 1): 
where N is the total number of individuals of all species and ni is the number of 
individuals of species i. 
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RESULTS AND DISCUSSION

Soil properties in two sites are summarized in Table 1. Low pH in both 
sites was recorded. However, contrasting results in OM and Mg/Ca quotient 
were observed between the sites. Surigao del Norte site had higher OM than 
Zambales site but the latter had lower Mg/Ca quotient compared to the former 
site. Basal area and species composition were different in both sites (Table 2). In 
the Zambales site, trees have larger diameter compared to those in the Surigao 
site. Although average diameter is high in Zambales, its basal area was only 
slightly higher compared to that of the Surigao site. The number of species and 
individuals in the Surigao site is high, which compensates the relatively smaller 
diameter of its trees. However, significant differences in the basal area and tree 
density in between sites were found. Most of the diversity indices used such 
as evenness, Shannon-Wiener index (H’), and Simpson’s index (D) were also 
significantly different in both sites. There were 35 families with 393 individuals 
in Claver, Surigao del Norte, and Sta. Cruz, Zambales (Figure 1). Nine families, 
seven in Surigao del Norte and two in Zambales, dominated the two sites. Several 
species considered to be obligate and facultative metallophytes were found in 
both sites (Table 3, Figure 2). Among the facultative metallophytes, Phyllanthus 
erythrotrichus in Zambales, and P. securinegoides in Surigao del Norte are known 
Ni hyperaccumulators; two other species, P. curranii (Zambales)  and P. ramosii 
(in Surigao del Norte) are non-nickel hyperaccumulators (Quimado et al. 2015; 
Table 3). The percentage of endemism is high in areas with serpentine soils and is 
more generally distinct in tropical to warm temperate countries (Rajakaruna and 
Baker 2006; Baker et al. 2000).

Several factors can affect the plant diversity of ultramafic environments. In 
serpentine soils, the indirect relationship was found between metal solubility and 
pH. Heavy metals such as Ni, Cu, Cd, and Cu are more soluble at lower pH 
level. In closed woody vegetation, a lower pH caused by humic decay under 
moist conditions may increase the availability of metals in the soil. However, 
despite containing a higher exchangeable amount of soil metal, the vegetation 
community was considered more evolved and structured suggesting that 
heavy metal content in soils not be a limiting factor for serpentine vegetation 
(Chiarucci et al. 1998). A more evolved and structured vegetation community 
is characterized by relatively low total species richness but with large canopy 
layer. In the present study, despite the few vegetation in the Surigao site, the 
large number of individuals helps improve the moist condition for humic decay 
to maintain a low pH. Many studies showed Mg/Ca quotient as an important 
limiting factor of plant growth (Baker et al. 1992; Roberts and Proctor 1992; 
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Ghasemi et al. 2013). Serpentine soils typically have high Mg/Ca quotient or low 
Ca: Mg mol ratios (< 0.1), and high Mg content in soils affects the availability 
of other nutrients such as N, P, and K, for plants. However, Chiarucci et al. 
(1998) reported that high OM increase have available N and P. In the present 
study, plants found in the Zambales site with higher Mg/Ca quotient in the soil 
compared to the Surigao site were possibly more subject to stress. Higher OM 
in the Surigao site may also have contributed to the number of species in the 
said site. Water stress, nutrient deficiency, and soil water retention rather than 
soil metal content were found to be more significant in the vegetation structure 
differences (Chiarucci et al. 1998; Proctor et al. 1999). This observation in water 
availability affecting vegetation structure was also noticed in Surigao del Norte 
and Zambales sites where differences in species composition and diversity occur 
(Table 2). The abundant rainfall in Surigao del Norte may have contributed to its 
high species diversity. The latter site also experiences distinct dry seasons in a year. 
The periodic drought which can cause groundwater loss may affect vegetation 
development and number (Chiarucci et al. 1998). Abiotic stress particularly 
inter-annual fluctuations of rainfall especially along arid regions negatively affect 
species diversity (Aronson and Shmida 1992). However, while the differential 
impact on rainfall is agreed, a combination of several factors such as soil type 
and land-use system can affect the extent of its impact to vegetation (Dahlberg 
2000). In California plant communities, for example, soil fertility and climatic 
productivity positively affect plant growth and beta diversity (Fernandez-Going 
et al. 2013).

Another factor which may contribute to the differences in plant communities 
between sites is the geologic complexes in the Philippines. Differences in the 
substrates resulting from geologic formations affect species composition and 
diversity (Fernando et al. 2008). Yumul (2007) proposed four belts of ophiolite 
formation in the Philippines recognizing the ultramafic complexes’ ages and 
possible lithospheric sources. In this classification, the Surigao del Norte and 
Zambales sites belong to Belt 1 and Belt 3, respectively. This suggests that an 
earlier formation of ophiolites in the former site than in the latter could create 
differences in the plant composition. Over 400, nickel hyperaccumulators across 
different plant families have already been described in 2012 (van der Ent et al. 
2013). A total of 27 out of 35 families in both sites (17 in Surigao and 10 in 
Zambales) are known to be present in serpentine soils elsewhere in the tropics 
(Proctor 2003; Rajakaruna and Baker 2004; Baker et al. 2000; Ginocchio and 
Baker 2004; Malaisse et al. 1999).  Families such as Phyllanthaceae, Flacourtiaceae, 
Goodeniaceae and Myristicaceae present in both sites are known to have metal- 
accumulating taxa (Baker et al. 2000; Proctor 2003; van der Ent et al. 2013). 
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Obligate metallophytes such as Buchanania,  Dillenia, and Decaspermum 
species are strictly ultramafic species, which occur only in areas with extreme 
physical and chemical properties. Facultative metallophytes, which include 
Callicarpa and Scaevola, are species with specific tolerance to metals and may 
be found in non-metal enriched areas (Baker et al. 2000). The use of these 
indigenous nickel hyperaccumulators in phytomining and phytoremediation 
will not only aid in the cleanup of environmental pollutants but also encourage 
conservation of indigenous and critically endangered species (Chaney et al. 
1997; van der Ent et al. 2013; Wong 2003; Prasad 2005). Non-metallophytes 
belonging to families Dipterocarpaceae  and Thymeleaceae were also present 
in the sites. However, in Palawan, Philippines, these families only occur in 
greywacke and not in serpentinized peridotite (Proctor 2000). A large number 
of endemic metallophytes is attributed to its extremely restricted habitat and its 
tolerance to serpentine soils (Baker et al. 2000; Brady et al. 2005). Furthermore, 
the endemism of these species serves as evolutionary genetic trade-offs of their 
inability to thrive and compete with other plants in non-serpentine soils (Brady 
et al. 2005).

Table 1. Soil Properties per Plot in Zambales and Taganito

Table 2. Averages of Tree (≥ 1 cm dbh) Density, Basal Area, Number of 
Species, Shannon and Simpson’s Indices, and Number of Regenerations 

on 20 x 20-m Plots in Zambales and Surigao del Norte
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Most if not all of the nickel hyperaccumulators identified in both plots 
have not yet been assessed for the IUCN Red List (Table 3). Considering the 
small size of the plot for this study, it is possible that a huge number of endemic 
metallophytes that may be critically endangered or undiscovered yet have not 
been included in the assessment. In view of this, metallophytes also have a high 
potential for absolute extinction. Several factors in the absolute extinction of 
heavy-metal vegetation such as human interference leading to eutrophication, 
alkalinization, heavy-metal sites targeted for extraction, and ecological succession 
have been identified by several authors (Baker et al. 2000; Lucassen et al. 2008; 
Erskine et al. 2012; Jacobi et al. 2011). As these metallophytes face these 
threats, there is a need for the prioritization of these species in the biodiversity 
conservation efforts.

CONCLUSIONS

The two forests over the ultramafic soil in the Philippines showed distinct 
differences in terms of floristic composition and diversity. Abundant rainfall, 
soil fertility, and age of the formation of ophiolite complexes are possible factors 
dictating differences in plant communities in Zambales  and  Surigao  del 
Norte  sites. A large number of endemic   Ni hyperaccumulators observed in 
both sites is a characteristic common to metal-enriched soils. Endemism in these 
soils is attributed to factors such as habitat restrictions and physiological and 
evolutionary mechanisms. These metallophytes have the potentials to be used in 
mining industries for rehabilitation and phytoremediation and, therefore, these 
plant resources must be conserved.
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Figure 1. Number of Individual Species per Family in the 20 x 20 m 
Plots in Zambales and Surigao del Norte.



Asian Journal of Biodiversity Vol. 7 January 2016

10

Ta
bl

e 
3.

 C
on

se
rv

at
io

n 
St

at
us

 a
nd

 E
co

-c
la

ss
 o

f S
am

pl
e 

M
et

al
lo

ph
yt

es
 in

 
Su

rig
ao

 d
el

 N
or

te
 a

nd
 Z

am
ba

le
s P

lo
ts



11

Asian Journal of Biodiversity Vol. 7 January 2016

LITERATURE CITED

Alford ER, Pilon-Smits E, Paschke MW. 2010. Metallophytes – a view from
 the rhizosphere. Plant and Soil. 337: 33-50
 
Aronson J, Shmida A. 1992. Plant  species  diversity  along  a  Mediterranean-
 desert   gradient  and  its correlations with interannual rainfall fluctuations. 
 Journal of Arid Environments. 23: 235-247.
 
Baker AJM, Proctor J, Reeves RD. 1992. The vegetation of ultramafic (serpentine)   
 soils. Intercept, Andover, UK.
 
Baker AJM, Macgrath SP, Reeves RD, Smith J. 2000. Metal hyperaccumulator 
 plants: A review of the ecology and physiology of a biological resource 
 for phytoremediation  of metal-polluted soils. In: Phytoremediation of 
 Contaminated Soil and Water. Terry N, Bañuelos GS eds. United States 
 of America: Taylor and Francis. Chap 5.
 
Brady  KU,  Kruckeberg  AR, Bradshaw  HD  Jr. 2005. Evolutionary  ecology  
 of  plant  adaptation  to serpentine soils. Annu. Rev. Ecol. Evol. Syst. 
 36:243–66. doi: 10.1146/annurev.ecolsys.35.021103.105730
 
Bani  A, Pavlova  D, Echevarria  G, Mullaj  A, Reeves  RD, Morel  JL, Sulce  S. 
 2010. Nickel hyperaccumulation  by the species of Alyssum and Thlaspi
 (Brassicaceae). Botanica Serbica. 34:3-14.

Chaney RL, Malik M, Li YM, Brown SL, Brewer EP, Angle JS, Baker AJM.   
 1997. Phytoremediation of soil metals. Current Opinion in Biotechnology, 
 Current Biology Ltd. 8:279–284

Chiarucci  A, Robinson  BH, Bonini I, Petit D, Brooks RR, De Dominicis  V.   
 1998. Vegetation of Tuscan ultramafic soils in relation to edaphic and 
 physical factors. Folia Geobotanica. 33: 113-131.
 
Ciarkowska K, Fajerska EH. 2008. Remediation of soil-free grounds contaminated
 by zinc, lead and cadmium with the use of metallophytes. Polish Journal 
 of Environmental Studies. 17(5): 707-712.



Asian Journal of Biodiversity Vol. 7 January 2016

12

Claveria RR, De Los Santos CY, Teodoro KB, Rellosa MA, Valera NS. 2010.  
 The identification of metallophytes  in the Fe and Cu enriched environments
 of Brookes Point, Palawan and Mankayan, Benguet and their implications to 
 phytoremediation. Science Diliman. 21(2):1-12.
 
Dahlberg, AC. 2000. Vegetation diversity and change in relation to land-use, soil 
 and rainfall—a case study from North-East District, Botswana. 
 Journal of Arid Environments. 44: 19-40.
 
Erskine P, Van Der Ent A, Fletcher A. 2012. Sustaining metal-loving plants in   
 mining regions. Science. 337: 1172-1173.
 
Fernandez-Going  BM,Harrison SP, Anacker BL,Safford HD. 2013. Climate
 interacts with soil to produce beta diversity in Californian plant communities. 
 Ecology. The Ecological Society of America. 94 (9): 2007-2018.
 
Fernando  ES,Co LL,Lagunzad DA,Gruezo WS,Barcelona JF,Madulid DA,   
 Lapis AB,Texon GI,Manila AC, Zamora PM. 2008. Threatened   
 plants of the Philippines: a preliminary assessment. Asia Life Sciences  
 Suppl. 3:1-52.
 
Fernando ES, Quimado MO, Doronilla AI. 2013. The potential use of nickel   
 hyperaccumulators for small-scale mining in the Philippines. Journal of   
 Degraded and Mining Lands Management. 1(1): 21-26
 
Fernando   ES,  Suh  MH,  Lee  J, Lee  DK. 2008. Forest  Formations  of  the   
 Philippines.  ASEAN-Korea Environmental Cooperation Unit. Korea.  
 p. 232.

Fernando ES,Quimado MO,Doronila AI. 2014. Rinorea  niccolifera  (Violaceae),   
 a new,  nickel-hyperaccumulating species from Luzon Island, Philippines.   
 Phytokeys 37: 1-13

Holyoak R, Baker AJM. 2004. A survey of bryophyte and metallophyte vegetation 
 of metalliferous mine spoilin Ireland. Journal of Mining Heritage Trust 
 of Ireland. 11: 3-16
 



13

Asian Journal of Biodiversity Vol. 7 January 2016

Ghasemi R, Chavoshi ZZ, Ghaderian SM. 2013.Surveying of serpentine  endemism  
 factors: Ca, Mg, and Ni effects on Alyssum inflatum. Technical Journal of  
 Engineering and Applied Science. 3 (20): 2601-2606.
 
Ginocchio  R, Baker AJM. 2004. Metallophytes  in Latin America: a remarkable   
 biological resource scarcely known and studied in the region. Revista 
 Chilena de Historia Natural. 77: 185-194 Iucn Red List of Threatened  
 Species. 2014.  http://www.iucnredlist.org/
 
Jacobi CM, Do Carmo FF, De Campos IC. 2011. Soaring extinction threats to   
 endemic plants in Brazilian metal-rich regions. AMBIO, Royal Swedish   
 Academy of Sciences. 40:540–543
 
Kobayashi  J. 2009.Making the connections:  Water, forests, and minerals exploitation  
 in South and Southeast Asia. In: Exploiting Natural Resources Growth,   
 Instability and Conflict in the Middle East and Asia. Cronin R, Pandya A ed. 
 Washington: The Henry L. Stimson Center.
 
Korycinska  MJ. 2006. Floristic  diversity  in  calamine  areas  of  the  Silesia Cracow  
 monocline.  Biodiversity  Research Conservation. 3-4: 340-343.
 
Lucassen  E, Eygensteyn  J, Bobbink  R, Smolders  AJP, Van De Riet VP, Kuijpers   
 DJP, Roelofs JGM . 2008.The decline of metallophyte vegetation in   
 floodplain grasslands: Implications for conservation and restoration. 
 Applied Vegetation Science, International Association for Vegetation   
 Science. 12: 69–80
 
Malaisse F, Baker AJM, Ruelle S. 1999. Diversity of plant communities leaf   
 heavy metal content at Luiswishi copper/cobalt mineralization,  
 Upper Katanga, Dem. Rep. Congo. Biotechnol. Agron. Soc. Environ. 
 3 (2), 104–114
 
Prasad MNV. 2005. Nickelophilous plants and their significance in   
 phytotechnologies. Braz. J. Plant Physiol. 17(1):113-128.
 
Proctor J. 2003.Vegetation and soil and plant chemistry on ultramafic rocks in 
 the tropical Far East. Perspectives in Plant Ecology, Evolution and  
 Systematics. 6: 105-124
 



Asian Journal of Biodiversity Vol. 7 January 2016

14

Proctor J, Baker AJM, Van Balgooy MMJ, Bruijnzeel LA, Jones SH, Madulid DA. 
 2000. Mount Bloomfield, Palawan: forests on greywacke and serpentinized   
 peridotite. Edinburgh Journal of Botany. 57(1): 121-139.
 
Proctor J, Bruijnzeel  LA, Baker AJM. 1999. What causes the vegetation types on  
 Mount Bloomfield, a coastal tropical mountain of the western 
 Philippines? Global Ecology and Biogeography, Blackwell Science Ltd.  
 8, 347–354
 
Punz W. 1995. Metallophytes in the eastern alps with emphasis on higher 
 plants growing on calamine and copper localities. Phyton. 35(2): 295-309.
 
Quimado MO, Fernando ES ,  Tr in idad  LC,  Doroni l a  AI .  2015. 
 Nickel hyperaccumulating  species of Phyllanthus (Phyllanthaceae)   
 from the Philippines. Australian Journal of Botany 63(2): 103-110.

Rajakaruna  N, Baker AJM. 2004. Serpentine:  a model habitat for botanical  
 research in Sri Lanka. Ceylon Journal of Science (Biological Sciences).   
 32: 1-19
 
Reeves RD, Brooks RR. 1983. Hyperaccumulation  of lead and zinc by 2   
 metallophtyes from mining areas of Central-Europe. Environmental   
 Pollution Series A 31: 277-285.
 
Roberts BA, Proctor  J. 1992. The  ecology  of  areas  with  serpentinized  rocks.  
 A world view.  Kluwer, Dordrecht.
 
Rotkittikhun  P, Kruatrachue  M, Chaiyarat  R, Ngernsansaruay  C, Pokethitiyook    
 P, Paijitprapaporn  A, Baker AJM. 2006. Uptake and accumulation  of   
 lead by plants from the Bo Ngam lead mine area in Thailand. Environmental   
 Pollution. 144: 681-688

Van Der Ent A, Baker AJM, Reeves RD, Pollard AJ, Schat H. 2012.  
 Hyperaccumulators of metal and metalloid trace elements: facts 
 and fiction. Plant Soil. Springer. DOI 10.1007/s11104-012-1287-3
 
Van Der Ent A, Baker AJM, Van Balgooy MMJ, Tjoa A. 2013. Ultramafic nickel   
 laterites in Indonesia (Sulawesi, Halmahera): Mining, nickel 
 hyperaccumulators and opportunities for phytomining. Journal of  
 Geochemical Exploration. 128: 72-79



15

Asian Journal of Biodiversity Vol. 7 January 2016

Wong  MH. 2003. Ecological  restoration  of mine  degraded  soils,  with   
 emphasis  on  metal  contaminated  soils. Chemosphere. Elsevier Science 
 Ltd. 50:775–78
 
Yumul GP Jr. 2007. Westward younging disposition of Philippine ophiolites and 
 its implication for arc evolution. Island Arc. Blackwell Publishing Asia 
 Pty Ltd. doi:10.1111/j.1440-1738.2007.00573.x



Asian Journal of Biodiversity Vol. 7 January 2016

16

Plate 1. Metallophytes and Hyperaccumulators from Zambales and Surigao. 
A. Callicarpa  micrantha, B. Dillenia  luzoniensis, C. Phyllanthus  erythrotrichus, 

D. Scaevola micrantha, E. Decaspermum vitis-idaea, 
F. Leptospermum amboinense. 


