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Abstract. Raganas AFM, Hadsall AS, Pampolina NM, Hotes S, Magcale-Macandog DB. 2020. Regeneration capacity and threats to 
mangrove areas on the southern coast of Oriental Mindoro, Philippines: Implications to mangrove ecosystem rehabilitation. 
Biodiversitas 21: 3625-3636. Regeneration capacity is important as it determines the fate of an ecosystem. This study assessed six 
mangrove areas in the southern coast of Oriental Mindoro, Philippines to evaluate their regeneration capacity status. Four mangrove 

ecotypes were delineated namely seaward, middle, landward and riverine zones at each mangrove ecosystem, where dominant mangrove 
species were identified and selected for regeneration capacity study. Three subplots measuring 1 x 1 m2 were laid within the five 10 x 10 
m2 survey plots established per zone. The juveniles were counted and categorized according to their height classes, using linear 

regeneration sampling method; where: RCI (≤40 cm) considered seedlings; RCII (41-150 cm) as saplings; and RCIII (151-≤300 cm) as 

small trees. Potential threats both anthropogenic and natural were determined through key informant interviews. Seven dominant species 
were identified across ecotypes in all mangrove sites, namely Avicennia marina, Avicennia rumphiana, Ceriops decandra, Rhizophora 
apiculata, Rhizophora mucronata, Sonneratia alba, and Xylocarpus granatum. RCI (seedlings) is the most abundant across mangrove 
sites irrespective of the dominant species. Fishpond operation within the mangrove stand is considered a major threat to the juveniles 
and most mangrove ecosystems. Therefore, protection and constant monitoring of these mangrove ecosystems are necessary to ensure 

regeneration success in the future.  

Keywords: Dominant species, ecotypes, linear regeneration sampling, regeneration capacity, rehabilitation 

INTRODUCTION  

Mangrove ecosystem is one of the most productive 

ecosystems in the coastal areas of tropical and subtropical 

regions. Mangroves provide various ecosystem services 

especially protecting the coastal environment and serve as a 

breeding ground for marine aquatic species. The unique 
ecological functions of the ecosystem have already been 

known for decades. However, its resiliency has been 

affected by unrestrained human demands and climatic 

events (Ghosh et al. 2015; Duncan et al. 2016). The loss of 

mangrove cover around the world was primarily accounted 

for anthropogenic activities, particularly coastal 

developments (Curnick et al. 2019; Chowdhury et al. 

2019). The enormous anthropogenic activities especially 

conversion of the ecosystem to urban settlements, 

aquaculture, tourism, mining, and infrastructure are among 

those that prompted the rapid degradation of the mangrove 

ecosystem (Kathiresan 2018; Chowdhury et al. 2019; 
Begam et al. 2020). Natural events such as sea-level rise, 

increased level of toxic elements in sediments, constant 

erosion due to strong tidal action, and storms have also 

impacted the mangrove ecosystem recovery (Chowdhury et 

al. 2019; Begam et al. 2020). 
 

The decline of mangrove forests in the Philippines 

is attributed to salt pond development, excessive 

exploitation by the coastal dwellers, conversion to 

agriculture, industry, and settlements (Garcia et al. 2013). 

With this scenario, the national government has passed 
several environmental laws for the protection and proper 

utilization of the country’s remaining mangrove stands. 

This has led to numerous planting initiatives by various 

civic groups and institutions, but unfortunately, most of 

these programs were not successful. The mishaps are 

directly associated with the planting of inappropriate 

mangrove species in unsuitable substrates (Primavera et al. 

2011). Failures came off due to ambiguous implementing 

rules and regulations and the lack of science-guided 

protocols (Primavera et al. 2011; Garcia et al. 2013). In 

2014, Cayabyab conducted the mangrove assessment in 

Oriental Mindoro and interestingly found out a promising 
increase of mangrove cover in the province. Though 

expansion has been generally observed, still there is a 

decline of mangrove stands in specific mangrove areas in 

the province driven by anthropogenic activities. The cutting 

of mangrove trees is still prevalent due to fishpond 
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expansion, house construction, and charcoal making. The 

increasing number of coastal residents in some 

municipalities is taking place, thereby converting some 

mangrove forests into residential areas. 

Many studies in other countries have reported that the 

consequence of mangrove ecosystem degradation is 

apparent in the poor growth performances of plants, as well 

as the decline in density and coverage of the mangrove 

forest (Chowdhury et al. 2019; Begam et al. 2020). 

Accordingly, with high levels of degradation, secondary 
succession will be delayed, and gradually the ecosystem 

will become susceptible to the brink of extinction as their 

homeostatic functioning collapses (Begam et al. 2020). 

Regeneration can also be delayed by the lack of 

propagules, competition, pollution, and poor soil conditions 

in a particular mangrove area (Machenga and Ali 2014). It 

is in this event where human intervention is deemed 

necessary to fast track the recovery of the ecosystem 

through artificial re-establishment using planted seedlings 

(Alura and Alura 2016). 
 

Regeneration capacity is an important aspect to study 
because it can be used to determine the capacity of the 

ecosystem to recover itself despite environmental pressures 

(Begam et al. 2020). The re-establishment of a once 

damaged ecosystem is driven by the establishment of the 

seedlings even it can take time to manifest (Lewis et al. 

2005; Alura and Alura 2016; Begam et al. 2020). 

Regeneration potential of a mangrove stand in terms of 

seedling recruitment and survivorship is essential to be 

evaluated as it primarily drives population growth and 

determines the productivity of the mangrove ecosystem 

(Kathiresan et al. 2016). The resilience of mangrove forest 
ecosystems is dependent on regenerative potential of the 

mangrove plants (Krauss et al. 2008; Kathiresan et al. 

2016). Thus, knowledge of regeneration capacity is crucial 

for both the protection and restoration of the mangrove 

ecosystem.  

This present study was conducted to (i) assess the 

dominant mangrove species and their juveniles in four 

mangrove ecotypes-seaward, middle, landward and riverine 

zones in six mangrove ecosystems in the southern coast of 

Oriental Mindoro; (ii) determine their regeneration capacity 

status; and (iii) identify the potential threats both 

anthropogenic and natural that could potentially impact the 
regeneration of each mangrove ecosystem. The results of 

this study will provide information on the regeneration 

status of the mangrove ecosystems in the southern coast of 

Oriental Mindoro albeit their long exposure to 

disturbances. Identification of regeneration patterns and 

threats is important in the design and monitoring of the 

sustainable management of the mangrove ecosystem. 

MATERIALS AND METHODS 

Study sites  

The study sites are located in the southern district (from 

12° 53'N and 121° 29'E to 12° 19'N and 121° 21'E) of 
Oriental Mindoro province consisting of six municipalities 

namely Gloria, Bansud, Bongabong, Roxas, Mansalay and 

Bulalacao (Figure 1). As of 2010, these municipalities 

cover approximately 661.02 hectares of mangrove forests 

(Cayabyab 2014). The mangrove site in each municipality 

was identified through a consultation meeting with the 

respective local environment authorities prior to the 

conduct of the study. The selection process was based on 

the distinguished zonation patterns observed in the 

mangrove ecosystem including seaward, middle, landward, 

and riverine zones. The seaward was designated as zone at 

the intertidal where mangroves are directly submerged to 
seawater; while middle zone as the transition zone between 

the seaward and landward, where a combination of species 

from both zones was observed. The distance from the 

intertidal zone depends on the geologic formation of the 

mangrove stand. Landward was designated as the zone 

inland from the boundary of the middle zone, while 

riverine as the zone along the river banks.
 

Sampling procedures 

 A stratified random sampling method was employed to 

determine the dominant mangrove species and their 

juveniles in a mangrove community. At each sampling site, 
the ecotypes namely seaward, middle, landward and 

riverine zones were delineated. Five plots were established 

at each zone, either in parallel or perpendicular orientation 

depending on the size and accessibility of the mangrove 

area. The plots were laid within a 100-meter transect line at 

20-meter intervals. Each plot measuring 10 x 10 m2 was 

established to determine the dominant mangrove 

species. The dominant species were identified based on 

their density and basal area cover. Species identification 

was done on-site using the field guide to Philippine 

mangroves by Primavera (2004) and based on the 
knowledge of the local field guides.  

Regeneration capacity 

 The information on regeneration capacity of dominant 

mangrove species was obtained using linear regeneration 

sampling method. Three subplots measuring 1 x 1 m2 were 

established in an alternating diagonal position within each 

10 x 10 m2 quadrat laid per ecotype. The size of the subplot 

was a modification from the various methods employed for 

the assessment of mangrove seedlings but replicated three 

times to ensure statistically sound data. All the juveniles of 

dominant mangrove species with diameter at breast height 

(DBH) of ≤5cm were measured and considered in the 
regeneration study. The height of the juveniles was then 

measured and classified based on regeneration class (RCs) 

categories. Regeneration Class I (RCI) with heights ≤40 cm 

were considered seedlings; RCII with heights between 41 

cm to 150 cm as saplings; and RCIII with heights 151 

cm but ≤300 cm were considered small trees. The 

employment of this regeneration class category was the 

basis to estimate life stages of the juveniles of dominant 

mangrove species. The data from different RC categories 

were then used to determine the regeneration condition of 

the particular mangrove ecosystem. A total of 60 subplots 
were established for the assessment of the regenerating 

plants per sampling site. However, the number of subplots 

was reduced in some areas, due to the absence of 

mangroves along the seaward zone.  
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Figure 1. Location of six study sites in the southern coast of Oriental Mindoro, Philippines 
 
  
 

Data analyses 

The similarities of dominant mangrove species across 

zones in all mangrove areas were determined using Jaccard 

similarity index and presented through cluster dendrogram. 

The regeneration (RCs) of the dominant mangrove species 

per zone at each mangrove ecosystem were compared using 

a non-parametric Kruskal-Wallis test after the data was 
subjected to a normality test and found out to be non-

Gaussian. This univariate analysis was performed to detect 

significant differences in the RC densities among dominant 

species. The significant difference detected was further 

analyzed using Mann-Whitney’s test to identify 

significantly different RC (s). The comparison between the 

densities of juveniles of co-dominant species per zone 

was determined using Wilcoxon signed-rank test to detect 

significant differences. This non-parametric test was also 

used to compare the RCs of only one dominant species 

identified in a particular zone. The computed values were 
then compared to the p-value at a marginal level of 

significance of <0.05. All these statistical analyses were 

performed using the PAST software version 4.02.  

Threats to mangrove ecosystems 

Specific threats to each mangrove ecosystem were 

determined through a face to face interview using the 

survey questionnaire we designed. The key informants 

directly involved in the conservation and management of 

mangroves in each municipality were selected as the 

participants. The key informants include representatives 

from the Municipal Environment and Natural Resources 

Office (MENRO), Municipal Agriculture Office (MAO), 

Coastal Resources Management Office (CRMO), and 

‘Bantay-dagat’ (Coast guards) of each respective 
municipality. These key informants were selected as they 

have better knowledge regarding the scenarios on their 

respective mangrove areas. The study also included few 

coastal households living near the mangrove area to gather 

additional information and be more holistic in our 

approach. Only one member per household was 

interviewed, those with minimum residency of at least 10 

years in the area. The interview process was also a face to 

face basis, where questions were personally asked the 

participants. The survey questionnaire was composed of 

sets of questions regarding the observed past and present 
threats to the mangrove ecosystem. The interview was 

carried out to obtain necessary information on human 

activities and natural calamities that had occurred in the 

mangrove area such as urbanization, clearing/cutting, 

aquaculture, and agriculture activities, water pollution, 

flood, siltation, coastal erosion, sea-level rise, strong tidal 

waves, typhoon/storm surges, increase in temperature and 

changes in precipitation patterns that could possibly impact 
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mangrove ecosystem. The frequency of the observed 

threats was also noted based on the number of respondents 

who agreed if they frequently observed a particular threat 

or not. The results presented were the numbers and 

percentages of the respondents in each municipality 

who agreed to observe types of threats in their respective 

mangrove areas. Information on the length of years when 

these threats observed was also collected. A total of 113 

respondents have participated in the survey in all study 

sites. 
 

 

 

 
Table 1. Description of the study sites in the southern coast of Oriental Mindoro, Philippines  

 

Location Coordinates Description 

Agsalin, Gloria 
 

12˚ 53' 19.52" N,  
121˚ 29' 57.48" E 
 (0-5 masl) 

The study area is located in barangay Agsalin, one of the coastal barangays in the 
municipality. The seaward zone of the mangrove area is dominated by the aroma tree 
(Fabaceae) forming a monospecific band along the shoreline. The mangrove vegetation 
structure was considered an early growth stand as evidenced by the regenerating mangrove 
trees with small stem sizes. The mangrove area has been rehabilitated with Rhizophora 

mucronata species near the seafront. The area is inundated by the brackish water through a 
huge river basin during high tide. There are few residents living near the mangrove area, 
together with agriculture farming at the back of the mangrove stand.  
 

Tambong, Bansud 12˚ 52' 14.89"N,  
121˚ 29' 06.24"E 
 (4-6 masl) 

Bansud is a second class municipality located next to the municipality of Gloria. The study 
area is located in barangay Tambong with shoreline also dominated by the aroma tree. The 
mangrove area is situated adjacent to the riverbank. Beach resorts and rice agriculture are 
found present near the mangrove area. The mangrove area is a natural stand, structurally 

old growth with large tall mangrove trees. 
 

Dayhagan, 
Bongabong 

12˚ 37' 06.04"N,  
121˚ 33' 16.47"E 
 (3-7masl) 

Bongabong has the largest fishpond area in the whole province grown with milkfish, 
prawn, crabs, and tilapia. The study site is located in Dayhagan, with mangrove structure 
characterized as early growth due to the abundance of regenerating mangrove trees with 
small stem sizes. The mangrove stand is a mix of natural and rehabilitated species. A large 
portion of the mangrove stand was converted into fishpond area but has been abandoned 
and rehabilitated with R. mucronata species. No mangrove trees were found thriving along 

the shore, only aroma tree, coconut, and other palm species.  
 

Dalahican, Roxas 12˚ 36' 43.31"N,  
121˚ 33' 20.16"E 
 (2-9 masl) 

Roxas is the smallest municipality in the province. The study area is located in barangay 
Dalahican, with mangrove stand characterized as early growth due to the abundance of 
regenerating and small diameter-sized mangrove trees as well. Large portion of the stand 
was converted into fishpond area but few ponds were abandoned and were rehabilitated 
with R. mucronata species. An array of beach resorts together with a huge coastal 
community is located adjacent to the mangrove stand. 
 

Cabalwa, Mansalay 12˚ 30' 18.87"N,  
121˚26 ' 17.59"E 
 (0-8 masl) 

Mansalay has an estimated mangrove cover of 20.34 hectares. This has decreased in size 
from 52.2 hectares in the 1990s, and considered as the smallest in the whole southern 
municipalities. The decline in size was primarily attributed to fishpond establishments 
within the mangrove area (Cayabyab 2014). The study site is located in Cabalwa, with a 
small community residing near the mangrove area. The intertidal zone with seagrass bed 
was planted with R. mucronata species. The mangrove vegetation structure was 
characterized as natural old-growth stand with large and tall mangrove trees growing in all 
zones. Species Avicennia marina was found dominant occupying the entire mangrove 

stand. 
 

Caratao, Bulalacao 12˚ 19' 38.62"N,  
121˚21 ' 30.46"E 
 (0-10 masl) 

Bulalacao is the southernmost municipality in the province. The mangrove site is located 
in Caratao lake which serves as a passageway for seawater to enter inlands through river 
networks within the mangrove stand. The vegetation structure was considered early growth 
with abundant small stem-sizes mangrove trees. There were fishpond operations within the 
mangrove stand but most of it was already abandoned. The seafront area was planted with 
R. mucronata species as a product of the rehabilitation activities of the local government. 

A huge community also resides adjacent to the mangrove stand. 
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RESULTS AND DISCUSSION 

Dominant mangrove species across ecotypes in all 

mangrove sites 

Three of the seaward zones specifically in the 

mangrove areas of Gloria, Bansud and Bongabong were 

not considered due to the absence of mangroves along the 

shore. A total of seven dominant mangrove species were 

identified across ecotypes in all study sites namely 

Avicennia marina, Avicennia rumphiana, Ceriops 

decandra, Rhizophora apiculata, Rhizophora mucronata, 
Sonneratia alba and Xylocarpus granatum (Figure 2). 

Similarities of dominant species revealed three major 

clusters showing R. apiculata and A. rumphiana as 

common dominant species in the ecotypes included in 

Group I (GI) cluster, while species A. marina in Group II 

(GII) and R. mucronata in Group III (GIII) clusters, 

respectively. The zonal dominance of mangrove species 

across ecotypes in all mangrove sites revealed that A. 

marina, R. apiculata, R. mucronata, and A. rumphiana 

have the capacity to dominate in all zones. Meanwhile, 

species C. decandra can dominate from middle to landward 
zone, and X. garantum in landward only. Species S. alba 

was only found dominant in the riverine zone specifically 

in Bansud. Moreover, the group III cluster has very low 

similarities with groups I and II attributed to the species X. 

granatum found dominant in the landward zone of the 

mangrove stand in Gloria. 

Regeneration capacity  

The abundance of juveniles of various dominant 

mangrove species per ecotype was compared to determine 

which among them will highly contribute to the 

regeneration capacity of each mangrove ecosystem. In 

Gloria (Figure 3.A), highest regeneration was observed in 

the riverine zone while lowest in the middle zone. The 

highest regeneration in riverine was accounted for high 

RCI of R. apiculata, though no significant differences were 

detected among the RCs (p=0.65472). In the middle zone, 
R. mucronata had abundant juveniles compared with C. 

decandra. RCI was considered the most abundant among 

the RCs of both species. Further, R. mucronata had also 

abundant RCIII while C. decandra had no RCIII recorded. 

Statistical tests revealed no significant differences detected 

between and among the RCs of both species as indicated by 

their p-values greater than 0.05. In the landward zone, 

juveniles of X. granatum were found abundant than the 

juveniles of R. mucronata. Though the RCI of R. 

mucronata was less abundant than the RCI of X. granatum, 

the former species had more RCII and RCIII than the latter 
species. Also, no significant differences were detected in 

the RCs between and within species (p=≥0.05). Overall, the 

mangrove vegetation in Gloria had abundant RCI for all 

dominant species. 

 

 

 

 

 
 
Figure 2. Cluster dendrogram showing similarities of dominant mangrove species across zones of the mangrove stands in all study sites 
using Jaccard similarity index. Codes for each site and zone: Gloria (G); Bansud (BN); Bongabong (BG); Roxas (R); Mansalay (M); 
Bulalacao (BL). Ecotypes: Seaward Zone (SZ); Middle Zone (MZ); Landward Zone (LZ); Riverine Zone (RZ). Species code: A. marina 

(Avicennia marina); A. rumphiana (Avicennia rumphiana); C. decandra (Ceriops decandra); R. apiculata (Rhizophora apiculata); R. 
mucronata (Rhizophora mucronata); S. alba (Sonneratia alba); X. granatum (Xylocarpus granatum) 
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In Bansud (Figure 3.B), the regeneration is almost 

similar in all ecotypes. Statistical analysis revealed no 

significant differences in the abundances of RCs between 

and within species in all ecotypes (p=≥0.05). However, A. 

rumphiana had more abundant juveniles than R apiculata 

in the middle zone of the mangrove stand. In the landward 

zone, most abundant juveniles were accounted for C. 

decandra. Meanwhile, A. rumphiana had more abundant 

juveniles than S. alba in the riverine zone. The density of 

juveniles of all the dominant species in each ecotype was 

mainly contributed by their RCI except for S. alba in the 

riverine zone, which had an abundant RCII (no RCIII 

recorded). Nevertheless, the juveniles belonging to RCI 

stage were also abundant in the mangrove stand of 

Bansud.
 
In Bongabong (Figure 3.C), regeneration was highest in 

middle zone, followed by landward and riverine zones, 

respectively. The juveniles of species A. rumphiana and A. 

marina in the middle zone were almost equally abundant, 

and no significant differences were detected between 

(p=0.65472) and within species (p=0.09509). However, 

most abundant juveniles were accounted for A. Marina 

even though no RCIII was recorded for the species. In the 

landward zone, most abundant juveniles were accounted 

for A. marina. Meanwhile, its co-dominant species R. 

mucronata, had no RCs II and III recorded because the 

species is still on its flowering stage, hence, only few 
juveniles were recorded. Between species, statistical 

analysis revealed significant differences between densities 

of juveniles of both species (p=0.01088), where species A. 

marina had significantly abundant juveniles accounted for 

its RCI (p=0.03199). In the riverine zone, the RCI of 

species A. rumphiana was found abundant but no 

significant difference was detected between its RCs I and II 

(p=0.17971), hence no RCIII was recorded for the species. 

On the other hand, only few juveniles belonging to RCIII 

were recorded in the whole mangrove stand. This was 

attributed to the first reproductive cycle of most dominant 
species, since the mangrove stand is still recovering from 

being heavily disturbed due to fishpond activities in the 

past. 

In the mangrove stand of Roxas (Figure 4.D), the most 

abundant juveniles in the seaward zone were accounted for 

species A. rumphiana. Only RCs I and II were recorded for 

its co-dominant species R. apiculata, with RCII being the 

most abundant. No significant differences were detected 

between (p=0.7495) and within (p=0.3679) species in the 

zone. A similar pattern was observed in the middle and 

landward zones, with A. rumphiana having the most 

abundant juveniles highly contributed by its RCI in both 
zones. Meanwhile, the juveniles of the co-dominant species 

C. decandra in the middle zone, had more abundant RCII 

than its RCI (no RCIII recorded). By comparing the 

densities of RCs between species, no significant difference 

was detected (p=0.7517). However, the RCII of C. 

decandra was more abundant than the RCII of A. 

rumphiana. In the landward zone, no significant 

differences were also detected between (p=0.50125) and 

within (p=0.1516) juveniles of A. rumphiana and A. marina 

species. However, the RCI of both species was found 

abundant among their RCs. In the riverine zone, most 

abundant juveniles were accounted for species R. 

apiculata, highly contributed by its RCII. For A. 

rumphiana species, its RCI was the most abundant. By 

comparing the RCs between species, no significant 

difference was detected (p=0.65472) but the RCI of A. 

rumphiana was more abundant than the RCI of R. 

apiculata. However, the RCII of the latter species was 

more abundant than the RCII of the former species. No 

RCIII was recorded for both species and no significant 
differences were detected (p=0.1478) among their RCs in 

the zone. Generally, juveniles belonging to RCI stage were 

also found abundant in the mangrove site in Roxas. It was 

only in the riverine zone where most juveniles were already 

on their RCII stage. 

In Mansalay (Figure 4.E), almost all zones had similar 

regeneration densities except for riverine with very low 

regrowths. Species A. marina was found dominant in all 

zones, but co-dominated by R. mucronata in the riverine 

zone. Statistical analysis revealed significant differences 

among the RCs of A. marina in the seaward (p=0.05472), 
middle (p=0.05471), and landward (p=0.05471) zones, 

respectively. The species had significantly higher RCI 

compared with other RCs in these zones. In the riverine 

zone, most abundant juveniles were accounted for species 

R. mucronata, contributed by both its RCs I and II. 

However, no significant differences were detected in the 

density and abundances of juveniles between (p=0.8273) 

and within (p=0.1017) species in this zone. Most abundant 

juveniles in the entire mangrove stand were accounted for 

A. marina, significantly contributed by its RCI.  

In Bulalacao (Figure 4.F), highest regeneration was 

observed in riverine, followed by landward, seaward, and 
middle zones, respectively. The species A. marina and R. 

apiculata were found dominant in the seaward, middle, and 

riverine zones of the stand. Most abundant juveniles in the 

seaward and middle zones were accounted for R. apiculata, 

while in riverine zone was A. marina. No RCIII was 

recorded for both species in these three zones. Statistical 

analysis revealed no significant differences detected 

between the RCs of both species in the seaward 

(p=0.65472) middle (p=0.65472) and riverine (p=0.17971) 

zones. However, the RCII of A. marina was more abundant 

than R. apiculata in the middle zone. In the landward zone, 
most abundant juveniles were accounted for A. marina. A 

significant difference was detected within the RCs of said 

species (p=0.01017). Mann-Whitney’s test revealed that all 

the RCs of A. marina and S. alba were statistically 

significant from each other. But most abundant juveniles 

were accounted for by RCI of both species. Generally, the 

mangrove stand in Bulalacao had very low RCIII with only 

few individuals observed in the landward zone accounted 

for A. marina species. The juveniles under RCI stage were 

also abundant in the entire mangrove stand. 

Threats to mangrove ecosystems 

The threats observed in each mangrove ecosystem are 
presented in Table 2. Respondents from Gloria had 
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observed all the threats in their mangrove stand. However, 

respondents in Bansud did not observe siltation, and no 

agriculture and aquaculture activities present in their 

mangrove stand. Storm surge and tidal actions during 

typhoons were not yet observed at the moment. On the 

other hand, respondents from Bongabong agreed that they 

observed all the threats except the influx of coastal 

residents near the mangrove area. According to them, the 

residents living near the mangrove stand are still those 

families that have been living there for a long time. In 
Roxas, respondents agreed that they observed all the threats 

to their mangrove ecosystem. In Mansalay, excessive 

flooding due to heavy rainfall was not yet observed, and 

the influx of coastal residents did not take place. 

Accordingly, there was a decline in the number of residents 

in the area due to lack of access to basic necessities. In 

Bulalacao, strong tidal waves/surges, sea-level rise, coastal 

erosion, and agriculture were the threats not observed by 

the respondents.
 

Regarding the frequency of threats observed in all study 

sites, respondents from Bansud, Roxas, and Bulalacao 

avowed frequent increase of coastal residents in their area. 

Aquaculture activities within the mangrove stand were 

prevalent in most municipalities except for Gloria and 

Bansud. Meanwhile, rice agriculture farming was prevalent 

near the mangrove areas of Gloria and Mansalay. Water 
pollution due to household wastes was prevalent along the 

coasts of Roxas (Figure 5.A). The pollution was linked to 

the huge community residing near the coastal zone of the 

municipality. Selective cutting of mangrove trees is still 

prevalent in the municipalities of Bansud (Figure 5.B), 

Mansalay (Figure 5.C), and Bulalacao (Figure 5.D).  
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Figure 3. Pairwise comparison of the average abundances of RCs of dominant species per ecotype of the mangrove stand in (A) Gloria, 
(B) Bansud, and (C) Bongabong. RCs with the same letters are not statistically significant at p≥0.05. Comparison between species 
(uppercase letters); within species (lowercase letters) based on the p-values given by Wilcoxon and Kruskal Wallis tests. Absence of 
letters means no particular RC recorded. 
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Figure 4. Pairwise comparison of the average abundances of RCs of dominant species per ecotype of the mangrove stands in (D) Roxas, 
(E) Mansalay, and (F) Bulalacao. RCs with the same letters are not statistically significant at p≥0.05. Comparison between species 
(uppercase letters); within species (lowercase letters) based on the p-values given by Wilcoxon and Kruskal Wallis tests. Absence of 
letters means no particular RC recorded 

 
 
  
Table 2. Threats observed in six mangrove ecosystems in the southern coast of Oriental Mindoro, Philippines  
 

Threats 
N=113 respondents 

Respondents’ responses per site 

Gloria 

n=20 
Bansud 

n=20 
Bongabong 

n=14 
Roxas 

n=20 

Mansalay 

n=9 
Bulalacao 

n=30 
Length of time 

observed (years) 

Urbanization (Immigration) 5 (25) 17 (85)* 0 20 (100)* 0 30 (100)* ≥30 
Aquaculture 2 (10) 0 13 (93)* 15 (75)* 8 (89)* 21 (70)* ≥30 
Agriculture 13 (65)* 0 1 (7) 6 (30) 9 (100)* 0 ≥30 
Water pollution 6 (30) 5 (25) 2 (14) 20 (100)* 4 (44) 4 (13) 10-15 
Illegal logging/ cutting of 
mangrove trees 

4 (20) 13 (65)* 2 (14) 3 (15) 7 (78)* 17 (57)* ≥30 

Used mangroves as raw 

materials for tannin extraction, 
charcoal making, etc. 

5 (25) 1 (5) 2 (14) 3 (15) 3 (33) 5 (17) ≥30  

Coastal Erosion 6 (30) 2 (10) 4 (29) 4 (20) 2 (22) 0 ≥20 
Flooding 9 (45) 2 (10) 3 (21) 3 (15) 0 2 (7) ≥20 
Sea Level Rise 12 (60)* 5 (25) 9 (64)* 5 (25) 2 (22) 0  ≥20 
Storm surges/ strong tidal waves 4 (20) 0 2 (14) 4 (20) 3 (33) 0 ≥15 
Siltation 3 (15) 0 1 (7) 3 (15) 2 (22) 4 (13) 5-20 
Increase in temperature 14 (70)* 20 (100)* 13 (93)* 20 (100)* 7 (78)* 24 (80)* 10-15 

Change in precipitation patterns 13 (65)* 20 (100)* 13 (93)* 20 (100)* 7 (78)* 20 (67)* 10-15 

Note: N: total number of respondents in all study sites; n: total number of respondents per study site. Value inside parenthesis is the 
percentage of the respondents based on their responses toward observed threats. Asterisk (*) means frequently observed threats and zero 
(0) means threats not observed at all. 
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Figure 5. Some threats observed from the mangrove areas in the southern coast of Oriental Mindoro, Philippines. (A) pollution due to 
household wastes along the shore of Roxas (photo credits to J. Ortega); (B-D) cutting of mangrove trees in Bansud, Mansalay, and 
Bulalacao; (E) remnants of dead trees along the shore of Gloria and (F) coastal erosion along the shore of Bongabong 
 

 
 

 

Sea level rise has been constantly observed in some 

municipalities except in Bulalacao where respondents did 

not perceive that it happened. The remnants of dead trees 

along the coast of Gloria (Figures 5.E) and erosion of 
coastal soils in Bongabong (Figures 5.F), evidently 

indicated the rise of sea level in these areas. Respondents 

from the study sites also emphasized that climatic factors 

such as change in precipitation patterns and temperature 

were frequently observed in all sites. Accordingly, these 

climatic events vary each year, wherein even during 

summer months they usually experience heavy rainfall. 

Other threats such as siltation, typhoon surges, flooding, 

coastal erosion, and extraction of mangroves for other uses 

were also observed in other sites but not that frequent. 
 

Discussion 

The identification of dominant mangrove species in 

each ecotype had shed light on knowing what species are 

suitable for a particular zone in each respective mangrove 
stand. However, our study found out that a particular 

mangrove species under the genera Avicennia and 

Rhizophora can dominate most of the zones or the entire 

mangrove stand in all study sites. For example, Rhizophora 

species dominates in the entire mangrove stand of Gloria. 

Similar pattern was also apparent in the mangrove stands of 

Bansud and Bongabong where Avicennia species dominate 

in all zones. Whereas, both genera dominate in the 

mangrove stand of Roxas, particularly A. rumphiana and R. 

apiculata species. Species A. marina dominates in all zones 
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of the mangrove stand in Mansalay and co-dominated by 

Rhizophora species in Bulalacao. Results show that the 

dominant mangrove species in the southern coast of 

Oriental Mindoro are the genera Avicennia and 

Rhizophora. It was somehow difficult to distinguish 

zonation patterns in these mangrove stands. 

The dominance of mangrove species over a particular 

ecotype is driven by the specific conditions of the 

mangrove environment, where they develop morpho-

anatomical characteristics that could adapt into it. Such 
characteristics include superficial rooting systems that 

serve as their adaptive strategy determining their actual 

distribution patterns (Srikanth et al. 2015). Feller et al. 

(2010) and Srikanth et al. (2015) reported different types of 

rooting systems among mangrove species. Accordingly, 

species with pneumatophore root systems such as A. 

marina and S. alba are usually found thriving in the 

seaward zone, hence, considered salt-tolerant species. 

Those species with prop and knee root systems such as 

Rhizophora and C. decandra are usually found in the 

middle and riverine zones. Species X. granatum with 
buttress root is commonly found abundant inland of the 

mangrove forest. These rooting characteristics are 

comparable to the dominant mangroves and their 

distribution patterns in the study areas. However, we found 

out that a particular species under genera Avicennia and 

Rhizophora have the capacity to dominate the entire 

mangrove stand. Our results agreed with the findings from 

other studies stating that not all mangrove vegetation shows 

distinct zonation patterns (Schmiegelow et al. 2014; 

Eswaran et al. 2017).  

With regards to regeneration capacity of the mangrove 
sites, there is a degree of disparity when it comes to the 

abundances and size classes of the regenerants. We found 

out that RCI (seedlings) are the most abundant and 

sometimes significantly higher among the RCs. Though, 

there were occurrences that RCs II (saplings) and III (small 

trees) were found more abundant than the RCI. The 

abundance of seedlings in the study sites is attributed to the 

profuse reproduction of the dominant mangrove species 

during the time of survey. Similarly, amongst all the RCs, 

RCIII was considered to be the least abundant in all 

mangrove areas. There were instances that no RCIII had 

been encountered at all. This study assumes that maybe 
competition took place among the juveniles especially for 

space, sunlight, and soil nutrients contributing to the very 

low density or complete absence of RCIII in some areas. 

For instance, the density-dependent and independent 

concept in ecology explain the regulation of population 

density in a certain forest community as affected by these 

environmental factors. Other factors such as exposure to 

flooding due to tidal inundation and high salinity are 

among the potential factors in the low progression rate or 

possible death of the juveniles. Many studies reported that 

even the juveniles of salt-tolerant species A. marina and S. 
alba cannot withstand high salinity and are having low 

growth performances in this condition (Ball et al. 1995; 

Kodikara et al. 2018; Cheng et al. 2020; Feng et al. 2020).  

The abundance of seedlings in all mangrove sites may 

imply the occurrence of disturbances within the mangrove 

stand which opened up the area leading to the profuse 

regeneration of the ecosystem (Alemayehu et al. 2017). 

Such disturbances are directly associated with human 

actions particularly cutting of mangrove trees due to 

fishpond establishment that resulted in the opening of 

forest canopy of the mangrove forest. Accordingly, in 

places where a disturbance has occurred and the cover has 

been opened, more light enters and facilitates the 

establishment of seedlings of a certain species (Alemayehu 

et al. 2017). Growth and stem sizes may vary among 
juvenile plants depending on the amount of light they 

received (Clark and Clark 1992; Jiang et al. 2019). The 

seedlings that initially establish in the understory and 

subsequently experience a gap opening are more likely to 

progress, reach maturity, and reproduce successfully 

(López-Hoffman et al. 2007). The variation in the density 

and abundance of juveniles may also depend on the 

ecology of species and their adaptability to the prevailing 

conditions in a particular ecotype. The type of soil and seed 

structure may contribute to the differences in the 

regeneration pattern of each mangrove species (Mchenga 
and Ali 2014). Sediment accretion in different ecotypes can 

be another factor in the variation of density and abundance, 

since it can also affect the establishment of mangrove 

seedlings (Balke et al. 2013). In addition, study showed a 

low regeneration trend in flood-prone ecotype such as the 

riverine zone in some mangrove areas (Roxas, Mansalay, 

Bulalacao). We presume that regeneration in this ecotype is 

low since it is always exposed to flooding, though it was 

not the case in all mangrove areas. We are certain that the 

difference in regeneration densities in ecotypes is governed 

by the types of disturbances, structure, and the phenology 
of mangrove species as mentioned earlier. 
 

The specific threats observed in each mangrove area 

can probably inflict negative impacts on the regeneration 

capacity of the mangrove ecosystem. The use of harmful 

chemicals from the agricultural activities in Gloria and 

Mansalay can impose toxicity effect on the juvenile 

mangroves when chemicals are discharged to water bodies 

affecting their growth (Lewis et al. 2011). Tidal action due 

to sea-level rise can also affect the regeneration capacity, 

especially in the seaward zone, because it can possibly 

wash out and suffocate seedlings from being flooded. Sea 

level rise can impact the mangrove ecosystem if 
regeneration did not succeed. The impact of this threat will 

create higher salinity concentration, along with higher CO2, 

and temperature affecting the future distribution, 

abundances, and viability of various mangrove species 

(Kareiva et al. 1993; Yáñez-Espinosa and Flores 2011). But 

this can be mitigated when regeneration rate is higher 

which we highly expect for the study sites. Studies suggest 

that mangroves can adapt to sea-level rise if it occurs 

slowly. They may adapt growing inland on more elevated 

areas, probably increasing their distribution (Yáñez-

Espinosa and Flores 2011). Moreover, the selective cutting 
of mangrove trees in Bansud, Roxas, and Bulalacao as well 

as the increase in population near these mangrove areas can 

impact mangroves' recovery since these areas are open 

access to community. It has been reported that the source 

of mangrove degradation is directly accounted to the local 
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residents (Fent et al. 2019). Possible impact would be 

crushing and trampling of young plants due to constant 

access. The existing fishpond operations within the 

mangrove stands in Bongabong, Roxas, Mansalay, and 

Bulalacao are considered a major threat. This can possibly 

slow down the recovery of the mangrove stands if not 

mitigated or at least minimized.  

Climatic events such as prolonged precipitation and 

droughts could also affect the regeneration and 

establishment of mangrove seedlings in the study areas. 
High temperature can lead to droughts in the soil and 

extensive precipitation can cause flooding affecting the 

establishment of seedlings across flood-prone zones 

(seaward and riverine). However, temperature change in 

the tropics may not be as great compared with the 

temperate regions (Solomon et al. 2007; Beaumont et al. 

2011). In our study, we cannot clinch to the idea that 

regeneration can be directly affected by drought, because 

based on the results of our interview, rainfall has been 

observed even during summer months. So the impact on 

regeneration could be linked more with the hydrologic 
events. Perhaps, from the ecological point of view, the 

increase in temperature can actually push mangroves to 

invade the inland areas (Doyle 2003; Yáñez-Espinosa and 

Flores 2011). Moreover, changes in precipitation patterns, 

soil water content, as well as salinity, can lead to variations 

in mangrove species growth and composition (Carugati et 

al. 2018). Aside from the natural and anthropogenic 

stressors mentioned, physical disturbance like enigmatic 

ecological degradation driven by freshwater system 

processes should also be considered. In Sri Lanka, it was 

reported that the inland freshwater has cryptic effects on 
the seaward zone through intrusion of excess freshwater 

(Dahdouh-Guebas et al. 2005). The resulting effect of this 

cryptic process was the alterations in the composition of 

mangrove ecosystems, and the dominance of some fresh 

water-loving mangrove species in the coastal zone 

(Dahdouh-Guebas et al. 2005). We believe that this 

scenario also exists in the study sites, hence, we observed 

low-salt tolerant species (A. rumphiana) dominating in the 

seaward zone of Roxas. However, mangroves are well 

adapted to natural phenomena and generally recover 

quickly from both minor and major episodic disturbances 

through natural regeneration, even without the need for 
rehabilitation (Schmitt and Duke 2016; Das et al. 2019). 

The major advantage of natural regeneration is that the 

ensuing forest is anticipated to be more alike of its original 

species composition. In fact, natural regeneration is 

relatively easy, where seedling establishes well, and the 

labor demands and soil disturbances are minimal (Alura 

and Alura 2016). 
 

To conclude, the quantification of the possible 

mangrove loss as affected by the observed anthropogenic 

and climatic threats cannot be measured at the moment. 

Perhaps, this could be a good recommendation for future 
studies to determine their impacts on changes in species 

composition (if it happens) and recovery potential of these 

mangrove areas. The results of the present study provide 

evidence on the importance of regeneration, and somehow 

confirming the positive contribution of rehabilitation 

programs implemented in these mangrove areas. The study 

cannot yet quantify the regeneration success since most of 

the juveniles are still under the RCI (seedling) stage. But 

the presence of these seedlings alone indicates that all 

mangrove sites have the capacity to regenerate even 

without human assistance. Given that all of these seedlings 

will grow successfully, then there would be great hopes for 

these mangrove ecosystems to recover naturally in the 

years to come. However, accompanied by regeneration 

success is closed and constant monitoring of these 
mangrove areas. Protection of these young plants is 

important as they dictate the future of these mangrove 

ecosystems. With these findings, the following 

management strategies are hereby recommended: (i) 

promote Assisted Natural Regeneration (ANR) in all 

mangrove areas, hence, the best way in restoring the 

ecosystem; (ii) reclamation of the abandoned fishponds and 

(iii) application of aquasilviculture system instead of 

destructive fishpond practices. 
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