
   Volume VII, Issue 4(16) Winter 2016 
 

 
  

 

Quarterly 
Volume XIII 
Issue 3(59) 
Summer 2022 
ISSN 2068 – 7729 
Journal DOI 
https://doi.org/10.14505/jemt 
 

Journal of Environmental Management 
and Tourism 



Journal of Environmental  Management and Tourism 

 

Table of Contents: 

1 

Gendered Perceptions for Identifying Ecosystem Services in the Arid Ecosystem of 
Wadi Araba in Jordan  
Amani AL-ASSAF, Abeer ALBALAWNEH, Amgad HJAZIN, Rabab KABARITI, Lana ABU NOWAR, 
Jafar ALWIDYAN, Ghadeer ALBASHBSHEH, Mai DIAB, Wafa’a ABU HAMMOUR,  
Safaa ALJAAFREH, Salsabeel AL-SHISHANY, Nizar HADDAD  

605 

2 

The Impact of Environmental Factors on Families with Disabilities as an Object of 
Structural Modeling 
Tatyana PRITVOROVA, Dinara TEMIRBAYEVA, Yelena GORDEYEVA,  
Nurgul KUTTYBAEVA, Bakyt SPANOVA 

619 

3 
Environmental and Legal Regulation of Radioactive Pollution Management 
Aktoty RZABAY, Bolat SERIYEV, Erbol BEISOV, Gulnurа KOPBASSAROVA,  
Damira KURMANBAYEVA 

633 

4 

The Role of International Criminal Law in Violations of the Environment During Armed 
Conflict 
Abedalrzag AL-DLABEEH, Ahmad Hussein ALSHARQAWI, Rami AL KLOUB,  
Abdel-Kareem Ottallah KARABSHEH 

643 

5 
Product and Service Quality and Growth of Agriculture Firms in Nigeria. Implication for 
the Environment Management 
Kelvin Agbarha EGBERI, Justina OBOREH 

649 

6 

Legal Significance of Digitalization of Environmental Information in Ensuring 
Environmental Safety 
Dauren BEKEZHANOV, Aktoty RZABAY, Olzhas NESIPBAEV, Feruza KOPBASSAROVA,  
Halibati HALIBIYATI 

656 

7 
Assessment of Particulate Matters Especially PM2.5 and PM10 Concentration During and 
Before Lockdown in the Various Metropolitan Cities of India 
Gourav Kumar SINGH, Shivom SINGH, Swapnil RAI, Nimisha JADON 

665 

8 
Correlation of Changes in Waste Generation in the Year Before and During the 
Pandemic in Surakarta City 
Mega Mutiara SARI, Iva Yenis SEPTIARIVA, I Wayan Koko SURYAWAN 

674 

9 
Analysis of Sustainable Development of SMEs in Agriculture 
Anargul BELGIBAYEVA, Oxana DENISSOVA, Marina KOZLOVA, Irina SAVCHENKO,  
Azat TLEUBAYEV, Gaukhar SIXIMBAYEVA  

681 

10 

Theoretical and Methodological Principles of Investment Support for Innovation-
Oriented Development of Agrarian Production 
Oleksii ZORIA, Ilona YASNOLOB, Oleksandr GALYCH, Oleksandr CHERCHATYI, Yurii 
TIUTIUNNYK, Svitlana TIUTIUNNYK, Tetiana DUGAR, Oleksandr KALIAN, Tetyana MOKIIENKO  

695 

11 

Problems of Sustainable Development of Single-Industry Towns. Example of 
Karaganda Region 
Akmaral MAIMURUNOVA, Turlybek KAZBEKOV, Zhanat MYRZABEK, Zhanna SHUGAIPOVA, 
Botagoz SAPAROVA, Zhanargul ZHUGUNISSOVA 

707 

12 

Management Policies Implication for the Agricultural Land Conversion Sustainable 
Control Strategy in Bali Province 
I Dewa Putu Oka SUARDI, WIDHIANTHINI, Gede Mekse Korri ARISENA, Raden SUYARTO,  
Anak Agung Keswari KRISNANDIKA 

721 

 
 

Summer 2022 
Volume XIII 
Issue 3(59) 

 

 
Editor in Chief 
Ramona PÎRVU 
University of Craiova, Romania 
 

Editorial Advisory Board  
 

Omran Abdelnaser 
University Sains Malaysia, Malaysia 
 

Huong Ha 
University of Newcastle, Singapore, 
Australia 
 

Harjeet Kaur 
HELP University College, Malaysia 
 

Janusz Grabara 
Czestochowa University of Technology, 
Poland 
 

Vicky Katsoni 
Techonological Educational Institute of 
Athens, Greece 
 

Sebastian Kot 
Czestochowa University of Technology, 
The Institute of Logistics and International 
Management, Poland  
 

Nodar Lekishvili 
Tibilisi State University, Georgia 
 

Andreea Marin-Pantelescu 
Academy of Economic Studies Bucharest, 
Romania 
 

Piotr Misztal 
The Jan Kochanowski University in 
Kielce, Faculty of Management and 
Administration, Poland 
 

Agnieszka Mrozik 
Faculty of Biology and Environmental 
protection, University of Silesia, Katowice, 
Poland 
 

Chuen-Chee Pek 
Nottingham University Business School, 
Malaysia 
 

Roberta De Santis 
LUISS University, Italy 
 

Fabio Gaetano Santeramo 
University of Foggia, Italy 
 

Dan Selişteanu 
University of Craiova, Romania 
 

Laura Ungureanu  
Spiru Haret University, Romania 
 
ASERS Publishing 
http://www.asers.eu/asers-publishing 
ISSN 2068 – 7729 
Journal DOI: https://doi.org/10.14505/jemt 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

13 

 
Management of the Competitiveness of the Region in the Context of Sustainable  
Development Based on the Concept of "Evidence-Based Policy" 
Dametken TUREKULOVA, Raushan DULAMBAYEVA, Lyazzat MUKHAMBETOVA,  
Mussa NIYAZOV, Aibope ABZHAPPAROVA, Ainura OMAROVA 

732 

14 

Developing a Conceptual Model to Implement the Employee Ecological Behavior in 
Organisations 
Juhari Noor FAEZAH, Mohd Yusoff YUSLIZA, Yusoff Noor AZLINA, Jumadil SAPUTRA,  
Wan Kassim WAN ZULKIFLI 

746 

15 Meta-Analysis ELECTRE III and AHP in Evaluating and Ranking the Urban Resilience  
Robert KOSOVA, Daniela Halidini QENDRAJ, Evgjeni XHAFAJ 

756 

16 

Improving the Program-Targeted Management Methodology and Its Practical 
Application for the Sustained and Environment Development of Agro-Industrial 
Complex 
Olessya LEMECHSHENKO, Gulmira NAKIPOVA, Galymzhan AKHMET 

769 

17 Species Diversity of Mangroves in Central Zambales, Philippines 
Shirly C. SERRANO, Nipon TANGTHAM, Surat BUALERT, Suthee JANYASUTHIWONG 

782 

18 

Influence of Environmental Factors of Influence on the Volume of Financing in the 
Agro-Industrial Complex 
Zhibek OMARKHANOVA, Olessya MISNIK, Gaukhar MATAIBAYEVA, Gulzhan MUKASHEVA, 
Gulden ZHOLDOYAKOVA, Shynar RAMAZANOVA 

790 

  19 
The Impact of the Comprehensive Ban Due to the COVID-19 on the Quality of Ambient 
Air in Jordan. Study for 15th March to 15th April of 2020 Period 
Tareq AL-BILLEH  

802 

20 

Characteristics of Mangrove Fisheries in Essential Ecosystem Area Ujungpangkah, 
Indonesia 
Dhira K. SAPUTRA, Bambang SEMEDI, Ade YAMINDAGO, Citra S.U. DEWI, M.A. ASADI,  
Andik ISDIANTO, Dian ALIVIYANTI, R. D. KASITOWATI, Arief DARMAWAN, Arief SETYANTO, 
O.M. LUTHFI, Dwi C. PRATIWI, Sulastri ARSAD 

812 

21 The Crime of Water Assaulting 
Abdullah ALKHSEILAT, Majd ALMANASRA, Noor ALKHAWAJA 

821 

22 
From Environmental Management Systems to Airport Environmental Performance: A 
Model Assessment 
Elen Paraskevi PARASCHI, Ioulia POULAKI, Athina PAPAGEORGIOU 

831 

23 

Applying the Theory of Planned Behaviour to Tourism-Related Waste Behaviour in 
Marine Protected Areas: The Aliwal Shoal Case Study 
Carrigan HARPER, Claudine ROOS, Francois Pieter RETIEF, Reece Cronje ALBERTS, 
Dirk Petrus CILLIERS 

853 

24 Cimatario National Park, In Queretaro, Mexico: Towards Sustainable Tourism 
Ana-Karen HUERTA-MENDOZA, Laura FISCHER 

877 

25 Penta Helix’s Perspective: The Green Tourism at the Tourist Village in Bali, Indonesia 
I Made Darma OKA, Dewa Made Suria ANTARA, Made RUKI, KANAH, Putu Widya DARMAYANTI 

884 

26 
Destination Image, Tourist Satisfaction and Loyalty in the Eco-Tourism Environment 
Nur Aini Fitriya Ardiani ANIQOH, Nikous Soter SIHOMBING, Sarman SINAGA, Sahat SIMBOLON, 
Sunday Ade SITORUS 

897 

  

Summer 2022 
Volume XIII 
Issue 3(59) 

  
Editor in Chief 
Ramona PÎRVU 
University of Craiova, Romania 
 

Editorial Advisory Board  
 

Omran Abdelnaser 
University Sains Malaysia, Malaysia 
 

Huong Ha 
University of Newcastle, Singapore, 
Australia 
 

Harjeet Kaur 
HELP University College, Malaysia 
 

Janusz Grabara 
Czestochowa University of Technology, 
Poland 
 

Vicky Katsoni 
Techonological Educational Institute of 
Athens, Greece 
 

Sebastian Kot 
Czestochowa University of Technology, 
The Institute of Logistics and International 
Management, Poland  
 

Nodar Lekishvili 
Tibilisi State University, Georgia 
 

Andreea Marin-Pantelescu 
Academy of Economic Studies Bucharest, 
Romania 
 

Piotr Misztal 
The Jan Kochanowski University in 
Kielce, Faculty of Management and 
Administration, Poland 
 

Agnieszka Mrozik 
Faculty of Biology and Environmental 
protection, University of Silesia, Katowice, 
Poland 
 

Chuen-Chee Pek 
Nottingham University Business School, 
Malaysia 
 

Roberta De Santis 
LUISS University, Italy 
 

Fabio Gaetano Santeramo 
University of Foggia, Italy 
 

Dan Selişteanu 
University of Craiova, Romania 
 

Laura Ungureanu  
Spiru Haret University, Romania 
 
ASERS Publishing 
http://www.asers.eu/asers-publishing 
ISSN 2068 – 7729 
Journal DOI: https://doi.org/10.14505/jemt 

 



Journal of Environmental  Management and Tourism 

 
 

Journal of Environmental Management and Tourism is an interdisciplinary research journal, aimed 

to publish articles and original research papers that should contribute to the development of both 

experimental and theoretical nature in the field of Environmental Management and Tourism Sciences.  

Journal will publish original research and seeks to cover a wide range of topics regarding 

environmental management and engineering, environmental management and health, environmental 

chemistry, environmental protection technologies (water, air, soil), pollution reduction at source and 

waste minimization, energy and environment, modeling, simulation and optimization for environmental 

protection; environmental biotechnology, environmental education and sustainable development, 

environmental strategies and policies, etc. This topic may include the fields indicated above, but are not 

limited to these. 

Authors are encouraged to submit high quality, original works that discuss the latest 

developments in environmental management research and application with the certain scope to share 

experiences and research findings and to stimulate more ideas and useful insights regarding current 

best-practices and future directions in environmental management. 

Journal of Environmental Management and Tourism is indexed in SCOPUS, RePEC, CEEOL, 

ProQuest, EBSCO and Cabell Directory databases. 

All the papers will be first considered by the Editors for general relevance, originality and 

significance. If accepted for review, papers will then be subject to double blind peer review. 

 

Deadline for submission:   31th July 2022 

Expected publication date:   September 2022 

Website:      https://journals.aserspublishing.eu/jemt 

E-mail:      jemt@aserspublishing.eu 

 

To prepare your paper for submission, please see full author guidelines in the following file:  

JEMT_Full_Paper_Template.docx, then send it via email at jemt@aserspublishing.eu. 

 
 

 

Call for Papers 
Fall Issues 2022 

Journal of Environmental Management and Tourism 



Volume XIII, Issue 3(59) Summer 2022 

782 
 

 

 
Species Diversity of Mangroves in Central Zambales, Philippines 

  
Shirly C. SERRANO 

Faculty of Environment, Kasetsart University, Thailand 
Institute for Climate Change and Environmental Management 

College of Science, Central Luzon State University, Philippines 
sheserrano@clsu.edu.ph;scserrano@yahoo.com 

 

Nipon TANGTHAM 
Faculty of Environment, Kasetsart University, Thailand 

ffornpt@ku.ac.th 
 

Surat BUALERT 
Faculty of Environment, Kasetsart University, Thailand 

surat.b@ku.ac.th 
 

Suthee JANYASUTHIWONG 
Faculty of Environment, Kasetsart University, Thailand 

suthee.ja@ku.th 
 

Suggested Citation:  

Serrano, S.C., Tangtham, N., Bualert, S. and Janyasuthiwong, S. (2022). Species Diversity of Mangroves in Central Zambales, 
Philippines. Journal of Environmental Management and Tourism, (Volume XIII, Summer), 3(59): 782 - 789. 
DOI:10.14505/jemt.v13.3(59).17 

Article’s History:  

Received 23rd of December 2021; Received in revised form 21st of January 2022. Accepted 29th of April 2022; Published 3rd of 
June 2022. Copyright © 2022 by ASERS® Publishing. All rights reserved. 

Abstract:  

The Philippines being an archipelagic country has one of the most diverse mangrove ecosystems.  Species composition and 
diversity assessment are vital for sustainable management and conservation activities of mangrove resources. The diversity 
of mangroves was assessed to determine the status of the mangrove ecosystem in the central part of Zambales, Philippines. 
Data were gathered using a random quadrat sampling method in the twelve pre-selected stations. Each quadrat measures 
10𝑋12 meters and the quantitative description of each plant species was determined. There were a total of 15 mangrove 
species surveyed in the area, under seven families, which family Rhizophoraceae was the most represented, with six species, 
and families Euphorbiaceae, Meliaceae, and Myrsinaceae were only represented with one species each. Shannon’s Diversity 
Index showed that the mangrove ecosystems in Botolan had “very low” diversity (SDI=1.71) and Iba had “low” diversity 
(SDI=2.11). Anthropogenic sources such as agri-aqua and encroachment served as the major driving forces in the diversity of 
mangroves. Other threats include solid waste disposal, quarrying, oil spill, organic fertilizer run-off, and soil erosion among 
others. These may threaten species that could eventually cause greater biodiversity and economic loss. Hence, protection, 
conservation, and sustainable management be given priority. 

Keywords:  coastal ecosystem; coastal degradation; diversity; environmental degradation; mangroves 

JEL Classification: Q57; Q30; R11. 

Introduction  

Mangrove forests are among the most productive ecosystems on Earth (Charrua et al. 2020).They are highly 
productive carbon-rich ecosystems as they receive nutrients both from sea and land and local populations rely on 
them for fuelwood, medicine, food from mangrove fisheries, timbers, and tannins (Aheto et al. 2016) However, 
mangroves are threatened by climate change (Gilman et al. 2008) and its value is being underestimated by being 

DOI: https://doi.org/10.14505/jemt.13.3(59).17 
DOI: https://doi.org/10.14505/jemt.v8.3(19).01 
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used as a sewage disposal sites and aquaculture pond development (Kathiresan and Bingham 2001; Camacho et 
al. 2020).  

Coastal resource management is imperative to have a holistic and attainable management action. Mangrove 
and other resources profiling are necessary to formulate sustainable management and conservation plan, hence 
this study.    

1. Review of Literature 

In the Philippines, the majority of coastal communities rely on the services provided by mangrove ecosystems.  
Despite its services, mangrove areas in the country still declined by as much as 60% over the past eight decades 
(Garcia et al. 2014). It may be attributed to overexploitation by coastal dwellers, and conversion to agriculture, salt 
ponds, industry, and settlements (Primavera 2000). The impacts of climate change and the 2014 tsunami brought 
about by typhoon Haiyan have raised the profile and importance of mangroves in the country and the local 
communities play an important role in the rehabilitation and management of mangrove areas (Gevaña et al. 2019).   

The province of Zambales, identified by the Department of Environment and Natural Resources (DENR) as 
one of the key biodiversity areas in the country is not spared from rapid destruction. The coastal ecosystems in the 
province have been facing a lot of pressure from anthropogenic activities that have been exacerbated by changing 
climate and the occurrence of natural hazards (Paz-Alberto et al. 2021). Mangrove diversity in other parts of the 
province mangroves is declining due to low species richness and uneven distribution of different species (Sigua et 
al. 2015). Paz Alberto et al. (2014) attributed the low diversity and population of mangroves in the nearby 
municipality of Masinloc, Zambales to human activities as the major factors. 

2. Methodology   

Biological assessment 
The local name, number of individual mangrove species, and the quadrats where they were present were recorded. 
The data were used to compute the various environmental parameters such as frequency, relative frequency 
dominance, relative dominance, density, relative density, species importance value, and diversity index value. The 
mangroves were photographed in their natural habitat. Leaves, roots, flowers, and fruits were also recorded for 
identification by experts. Thereafter, the species recorded were categorized based on the International Union for 
Conservation of Nature (IUCN) Red List of Threatened Species. 

Table 1. Habitat criteria rating chart for mangroves 

Condition Criteria 

Excellent  

76% and above in % Crown Cover 
1 Regeneration per m2 

Above 5m in average tree height 
Undisturbed to negligible disturbance 

Good 

51%-75% Crown Cover  
<1-0.76 Regeneration per m2 

<5m-3m average of trees  
Slight disturbance and few cuttings 

Fair 

26%-50% Crown Cover  
<0.50-0.75 Regeneration per m2 

<3m-2m average of trees  
Moderate disturbance and noticeable cuttings 

Poor 

0%-25% Crown Cover  
<0.50 Regeneration per m2 

<2m average of trees 
Heavy disturbance/cuttings/pollution, rampant conversion 

to other uses, nearly destroyed 
Species diversity was computed and determined using the Shannon’s Diversity Index (Smith and Smith, 

1998 as cited by Paz-Alberto et al. 2015). Furthermore, the biodiversity indicator was also determined using the 
formula adapted from Dufrene and Legendre, 1997:  

 (IndValij = Aij x Bij x 100)           2.1 

Where: Aij = N individuals ij\ N individuals i 
ij = the average amount of the species I in the zone (abundance) 
i= mean values for species I in all zones 
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Bij = N sites ij\ N sites i 
ij = no. of sites in zones j where species i is present (frequency)  
i = number of sites in zone j 

Based on the derived ecological parameters, the status of the mangrove ecosystems was determined using 
the criteria developed by Deguit et al. 2004 (Table 1). 
Sources and Level of Impacts of Environmental Degradation of the Coastal Ecosystems 
The condition of the ecosystem was assessed through the checklist on the sources and level of impacts on 
environmental degradation of coastal ecosystems (Alberto 2005). Using the values of 1 – 4, evaluators from the 
academia, local government unit, and fishers determined the present condition of the forest ecosystem. The level 
of impact was estimated based on the percentage of impact or damage in the study area. The mean of the answers 
of the respondents was computed by summing up the answers for each level and then divided by the total number 
of respondents. A scale was used to interpret the levels of impacts on the environmental degradation of any 
ecosystem (Table 2).  

Table 2. The scale is used in the impact of environmental degradation levels. 

Scale Impact level 
1.01 – 1.75 
1.76 – 2.50 
2.51 – 3.25 
3.26 – 4.00 

No Significant Impact 
Small Impact 

Moderate Impact 
Major Impact 

3. Results and Discussion 

Zambales is the second largest province in Central Luzon, Philippines. Its shoreline stretches at around 175 
kilometers facing the West Philippines Sea. There were four selected stations having three quadrats with an area 
of 10 m x 12 m. The study areas (Figure 1) were located in barangays Parel and Danacbunga, in the Municipality 
of Botolan (15°17′23″N 120°01′28″E) and barangays San Agustin and Lipay-Dingin-Pinagbuatan in the Municipality 
of Iba (15°20′N 119°59′E).  

Figure 1. The showing the locations of the different stations. 

 
 

Mangrove Assessment   
The Philippines has a rich collection of mangrove species thriving in the coastal ecosystems. Primavera 

(2000) identified 35 – 44 major and minor mangrove species belonging to 14 families. A total of fifteen mangrove 
species belonging to seven families were present in the sampling area. These were Euphorbiaceae (Excoecaria 
agallocha); Meliaceae (Xylocarpus granatum); Myrsinaceae (Aegiceras cornilatum); Rhizophoraceae (Bruguiera 
cylindrica, Bruguiera sexangula, Ceriops decandra, Rhizophora apiculata, Rhizophora mucronata, Rhizophora 

Botolan  

Iba  
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stylosa) Sonneratiaceae (Sonneratia alba and Sonneratia caseolaris); Sterculiaceae (Heritiera littoralis) and 
Verbenaceae (Avicennia marina, Avicennia officinalis and Avicennia rumphiana).  

Figure 2 shows the species diversity indices in the study areas with Station 1 (Danacbunga, Botolan) having 
the lowest diversity index. This can be attributed to the fact that the site which is just on the edge of a bridge and 
its adjacent areas are fishponds. Mangroves are being cleared to give easier access for pond maintenance. Station 
9 (San Agustin, Iba) had the highest diversity index (1.56). It could be associated with the fact that the area is 
secluded and have limited access to the general public. The technical know-how of the residents nearby is also a 
plus factor.   

Figure 2. Species diversity index of mangroves per station 

 
 

Based on the ecological parameters computed, S. alba had the highest dominance value. It can be attributed 
to the fact that this species was used for the mangrove rehabilitation projects of the youth organizations. On the 
other hand, E. agallocha had the lowest dominance.  Five species were considered indicator species of the studied 
area which had a 25% importance value index (IVI) and could be considered an indicator species according to 
Dufrene and Legendre. These were S. alba (66.61); R. mucronate (86.33); S. caseolaris (27.12); B. sexangula 
(36.85); A. cornilatum (43.80). Based on Shannon’s Diversity Index, the mangrove ecosystems in the study areas 
at the Municipality of Botolan had very low mangrove diversity (SDI =1. 7428), Table 3. 

Table 3. Computed ecological parameters of mangroves in Botolan, Zambales. 

Species IC #QP F RF D RD Do RDo IVI 
Sonneratia alba 31 5 0.83 21.73 0.15 15.34 0.295 29.52 66.61 
Rhizophora mucronata 80 4 0.66 17.39 0.39 39.60 0.293 29.34 86.33 
Sonneratia caseolaris 19 3 0.5 13.04 0.09 9.40 0.046 4.67 27.12 
Bruguiera sexangula 20 3 0.5 13.04 0.09 9.90 0.139 13.91 36.85 
Bruguiera cylindrica 2 1 0.16 4.34 0.009 0.99 0.001 0.198 5.53 
Rhizophora apiculata 15 1 0.16 4.34 0.07 7.42 0.029 2.91 14.68 
Aegiceras cornilatum 30 3 0.5 13.04 0.14 14.85 0.159 15.90 43.80 
Heritiera littoralis 3 1 0.16 4.34 0.01 1.48 0.025 2.56 8.40 
Avicennia officinales 1 1 0.16 4.34 0.004 0.49 0.008 0.82 5.66 
Excoecaria agallocha 1 1 0.166 4.34 0.004 0.49 0.001 0.13 4.97 

         SDI = 1.74 
Legend: IC- Individual count, #QP-Number of quadrat present, F-Frequency, RF-Relative frequency, D- Density, RD- Relative 

Density, Do-Dominance, RDo- Relative Dominance, IVI- Important Value Index, SDI- Shannon’s Diversity Index 

Moreover, in the Municipality of Iba, A. officinalis had the highest relative dominance value (29.03%), since 
most of the species observed were old-growth species. Species indicators in the area include B. sexangula, A. 
officinalis, A. marina, R. stylosa, S. alba, and R. mucronata, all having IVI of more than 25%. Generally, the 
mangrove ecosystems in Iba, Zambales have low diversity with the computed value of 2.11 SDI (Table 4).  

Though various projects on coastal resources management like mangrove rehabilitation programs, regular 
mangrove tree planting activities, and policies promoting the conservation of mangrove ecosystems are being 
implemented, the mangrove diversity in Botolan still shows very low diversity while Iba exhibited low species 
diversity. 
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Table 4. Computed ecological parameters of mangroves in Iba, Zambales 

Species IC #QP F RF D RD Do RDo IVI 
Excoecaria agallocha 6 1 0.166 3.70 0.024 2.47 0.008 0.80 6.98 
Bruguiera cylindrica 6 1 0.166 3.70 0.024 2.47 0.009 0.97 7.16 
Bruguiera sexangula 27 4 0.66 14.81 0.11 11.15 0.183 18.35 44.32 
Avicennia officinalis 42 2 0.33 7.40 0.17 17.35 0.290 29.03 53.80 
Avicennia marina 16 3 0.5 11.11 0.066 6.61 0.121 12.10 29.82 
Rhizophora stylosa 63 3 0.5 11.11 0.26 26.03 0.073 7.35 44.49 
Sonneratia caseolaris 4 4 0.66 14.81 0.016 1.65 0.015 1.51 17.98 
Rhizophora apiculata 11 1 0.166 3.70 0.045 4.54 0.026 2.69 10.93 
Sonneratia alba 30 3 0.5 11.11 0.12 12.39 0.139 13.94 37.45 
Rhizophora mucronata 30 2 0.33 7.40 0.12 12.39 0.072 7.23 27.03 
Avicennia rumphiana 1 1 0.166 3.70 0.004 0.41 0.003 0.39 4.51 
Xylocarpus granatum 3 1 0.166 3.70 0.012 1.23 0.053 5.36 10.30 

                SDI= 2.11 
Legend: IC- Individual count, #QP-Number of quadrat present, F-Frequency, RF-Relative frequency, D- Density, RD- Relative 

Density, Do-Dominance, RDo- Relative Dominance, IVI- Important Value Index, SDI- Shannons Diversity Index 

This could be attributed to various factors such as illegal cutting of mangroves and reclamation of riverbanks. 
However, there is still a prospect for the conservation of ecosystems. Three stilt mangroves considered the most 
important of all mangrove genera across the Pacific tropical region were observed in the area with high importance 
value indices (R. stylosa, R. mucronate, and R. apiculata). The regeneration rate of mangroves in five stations was 
excellent (Table 5).  

Table 5. Status of mangroves ecosystems. 

Station  Measurement Status 
Crown Cover (%) Regeneration Rate 

(per m2) 
Station 1 (Danacbunga, Botolan 73.62 0.47 Good 
Station 2 (Danacbunga, Botolan) 87.50 0.90 Excellent 
Station 3 (Parel, Botolan) 68.15 4.53 Good 
Station 4 (Parel, Botolan) 91.18 2.35 Excellent 
Station 5 (Parel, Botolan) 89.88 2.07 Excellent 
Station 6 (Parel, Botolan) 83.12 0.70 Excellent 
Station 7 (San Agustin, Iba) 62.55 0.35 Good 
Station 8 (San Agustin, Iba) 68.36 1.80 Good 
Station 9 (San Agustin, Iba) 90.02 0.56 Excellent 
Station 10 (LDP, Iba) 49.23 0.15 Fair 
Station 11 (LDP, Iba) 74.58 0.24 Good 
Station 12 (LDP, Iba) 70.22 0.20 Good 

 

Mangrove ecosystems in the site served an important role to the community. It become the source of food 
and income for residents, especially during this pandemic. Residents were not able to go for commercial fishing 
during the restricted period of quarantine, particularly from March to July 2020. The disruption of the fishing activities 
resulted in temporary unemployment for fisher folks. Also, tourism which usually gives local communities income 
has been stopped. Alternative livelihood activities were carried out by residents like fishing in mangroves areas. In 
setting up their traps, mangrove trunks were being cut and used as fences. This activity leads to the destruction of 
the ecosystem.  

All surveyed mangrove species were listed in the IUCN Red List 2021-1. Avicennia rumphiana was listed as 
“vulnerable” with decreasing population on a global scale. Ceriops decandra on the other hand was listed as “near 
threatened” with decreasing population and the rest of the mangrove species were “least concern” and decreasing 
in the population (Table 6).  

A. rumphiana and C. decandra were categorized as vulnerable and near threatened respectively, in the 
IUCN Red List of threatened species. A. rumphiana’s low diversity in the world is attributed to its role in the human 
population. Its seeds are boiled and eaten in other countries, it is sold as vegetables, and woods are harvested for 
timber (Giesen 2006). In the study area, the timbers are harvested and sold in the form of charcoal used for smoking 
fish. This corroborates the statement by Duke (2006) that mangroves in Pacific areas are harvested for firewood 
and charcoal production.  
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Table 6. Ecological status based on the International Union for Conservation of Nature (IUCN) Red List of Threatened 
Species 

Species 
Ecological Status 

IUCN 2021-1 
Aegiceras cornilatum Decreasing /Least Concern (Ellison, et al. 2010a) 
Avicennia marina Decreasing /Least Concern (Duke, et al. 2010a) 
Avicennia officinalis Decreasing /Least Concern (Duke, et al. 2010b) 
Avicennia rumphiana Decreasing /Vulnerable (Duke, et al. 2010c) 
Bruguiera cylindrica Decreasing /Least Concern (Duke, et al. 2010d) 
Bruguiera sexangula Decreasing /Least Concern (Duke, et al. 2010e) 
Ceriops decandra Decreasing /Near Threatened (Duke, et al. 2010f)  
Excoecaria agallocha Decreasing /Least Concern  (Ellison, et al. 2010b) 
Heritiera littoralis Decreasing /Least Concern (Duke, et al. 2010g) 
Rhizophora apiculata Decreasing /Least Concern (Duke, et al. 2010h) 
Rhizophora mucronata Decreasing/Least Concern (Duke, et al. 2010i) 
Rhizophora stylosa Decreasing/Least Concern (Ellison, et al. 2010c) 
Sonneratia alba Decreasing/Least Concern (Kathiresan, et al. 2010a) 
Sonneratia caseolaris Decreasing/Least Concern (Kathiresan, et al. 2010b) 
Xylocarpus granatum  Decreasing/Least Concern (Ellison, et al. 2010d) 

 

Major sources of environmental degradation  
Based on the questionnaire-guided interview conducted, results showed that the major environmental 

degradation observed in the area were solid waste disposal, quarrying, oil spillage, and inorganic fertilizer run-off. 
Recreational development and pond culture fish production posed a small impact on the ecosystems (Table 7). 
This corroborates with the studies of Nguyen (2014) and Primavera (2000) that aquaculture development 
urbanization, conversion to agriculture, overharvesting for industrial uses such as timber and charcoal serve as the 
significant causes of mangrove degradation. 

Table 7. Major sources of environmental degradation observed 

Sources of environmental degradation Computed 
value 

Interpretation 

Solid wastes 3.80 Major Impact 
Quarrying 3.59 Major Impact 
Environmental aesthetic degradation 3.50 Major Impact 
Oil spill 3.48 Major Impact 
Inorganic fertilizer run-off hazards 3.44 Major Impact 
Volcanic eruption/lahar deposits 3.43 Major Impact 
Soil erosion 2.48 Moderate Impact 
Sedimentation 2.39 Moderate Impact 
Dredging 1.61 Small Impact 
Recreational development 1.47 Small Impact 
Tourism 1.44 Small Impact 
Encroachment 1.14 Small Impact 
Pond to culture fish 1.02 Small Impact 

Conclusion  

Results of the study inferred that the diversity, distribution, and dominance of mangrove trees highly depend on the 
ecological and environmental conditions. A diverse and stable system could be attained as long as these driving 
forces are favorable to the system. However, threats such as improper waste disposal, quarrying, oil spill, 
conversion to agri-aqua activities, and encroachment affect the status of mangroves in the area specifically 
mangroves with the highest importance value.  

The efforts of the local communities, particularly the local government units to protect the remaining 
mangrove is vital for the future of these species. Policies and programs that provide incentives to those largely 
depending on mangrove ecosystems should be developed. In addition, the information campaign for the protection 
of the mangrove ecosystems needs to be strengthened. Involving all members of the community so that the efforts 
of those actively involved will not be put to waste. Technical assistance, training, and livelihood programs to 
enhance the capability of locals may decrease their dependency on mangrove ecosystems. Lastly, managing the 
relationship between mangroves and their environment is imperative for a resilient and stable system. 
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