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Abstract

Manamoc Island is experiencing coastline retreat and is in urgent need of economical mitigating measures. This study
explored the role of mangroves in the mitigation of coastal retreat in Manamoc Island. Assessment of mangroves
through standard vegetation analysis was done in relation to the topography and coastal dynamics prevalent in
Manamoc Island. Time series analysis of sand and mangrove cover change was carried out to determine the role of
mangroves in coastal retreat mitigation. Cluster analysis revealed five clusters named after the dominant species:
Cluster I – Avicennia marina (Forsk.) Vierh.; Cluster II – Bruguiera sexangula (Lour.) Poir.; Cluster III – Rhizophora
apiculata Blume and Rhizophora mucronata Lam.; Cluster IV – Rhizophora mucronata Lam.; and Cluster V – Sonneratia
alba J. Smith. The clustering pattern followed that of typical mangrove zonation landward, middleward, and seaward
although with a relatively short width. Canonical correspondence analysis (CCA) indicated that environmental factors
like soil texture, pH, N, and P influenced mangrove distribution in Manamoc Island. Time series analysis of sand and
mangrove cover change revealed that mangrove were responsible for the accumulation of sand in the entrance of the
studied lagoon. In areas with less sediments and the very strong water currents, mangroves were not able to colonize.
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Introduction

The threat of coastal retreat has been disturbing the community of Manamoc Island. It may be not much compared to
large islands experiencing the same issue. However, the retreat will progress if left unabated. With the impending
impacts of sea level rise and hydrometeorological hazards, disaster is inevitable (Capili, Ibay, & Villarin, 2005; Roebeling,
et al., 2013; Cinco, et al., 2016). To address the issue, the community built a 1km seawall with assistance from the
national government. Maintenance for this kind of structure, aside from being costly is also temporary and interrupts the
natural processes i.e. sand budget. It was therefore imperative to design mitigating measures that are ecological,
practical, the least costly and proactive. Mangroves are among these least costly and proactive soft structures. Duke
(1992) described mangrove as group of trees and shrubs that thrive in marine intertidal zone. Studies have proved that
mangroves are important in the stabilization of coastal areas (i.e. Ahmad & Pheng, 2013; Cruz et al., 2011; Winterwerp et
al., 2005). In the Philippines, mangrove reforestation has been used as a strategy in coastal resource management
primarily because of the role of mangrove in the production of fish and other seafood.

Recently, the role of mangroves in stabilizing coastline and protecting against strong waves and winds has been
recognized due to the risks of hydrometeorological hazards such as typhoons and storm surge. This is especially critical
in small islands like Manamoc, Cuyo, Palawan. Generally, this study explored the suitability and possibility of mangrove
as mitigating measure for coastal retreat. Specifically, the objectives of this study were: (a) assess the structure of the
mangrove ecosystem on Manamoc Island; and (b) analyze the environmental factors and coastal processes that
influence the distribution of mangroves on the island.

Materials and Methods

Study Area

The study was conducted on Manamoc Island, northeast of Palawan, Philippines (Figure 1). There are two major
mangrove forests on the island: Caseledan Lagoon and Sitio Kanike. Caseledan is an 80-hectare coastal lagoon
surrounded by mangroves and Kanike is a small embayment in the eastern part of the island bordered by fringing-
mangrove forest. Manamoc Island has Type I climate similar to that of Cuyo (Figure 2) which is characterized by a
distinct dry period from November to April and a wet season from May to October (Tolentino, et al., 2016). Average
annual precipitation is 2,136.80mm.
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Fig 1. Manamoc Island located northeast of Palawan (inset lower left). Base map obtained from Google Earth.

Fig 2. Climogram for Cuyo Island, the nearest Philippine Atmospheric, Geophysical, and Astronomical Services (PAG-ASA) synoptic station
to Manamoc Island based on 29 years of rainfall and temperature data retrieved from PAG-ASA, Diliman, Quezon City.

Methods

1. Assessing the mangrove structure

Using the plot method, forty-two (42) 10m × 10m sampling plots were laid-out along the mangrove stretch of the two
major mangrove forests on Manamoc Island: Caseledan Lagoon and Kanike (Figure 3). Plots were distributed according
to mangrove zones: landward, middleward and seaward. Number of trees, species, diameter at breast height (dbh),
height, coordinates of each plot, and the disturbances observed were noted and recorded per plot. The Field Guide to
Philippine Mangroves by Primavera (2009) was used in identifying the mangroves. Species names were validated by For.
Caringal a PhD candidate and an expert from the University of the Philippines Los Baños (UPLB).
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Fig 3. Map of Manamoc Island showing the sampling plots in the vegetation analysis. The mangrove cover is represented by the green
polygons while each red mini square represents a 10×10 sampling plot. The number next to the plots indicates the plot number. Plots 1 to
21 were distributed along the shoreline stretch of Caseledan Lagoon while the rest were plotted along the coastline stretch of Sitio Kanike.

(Note: This map was generated using QGIS and the base map was from Google Earth Explorer.)

Average height and relative basal area per plot were computed to describe the physiognomy. Shannon’s index
(Spellerberg & Fedor, 2003) was used to compute the index. Importance value (IV) was computed using density,
frequency, and basal area. Dominance was computed using Ohsawa’s model (Ohsawa, 1984) as follows:

where d = the deviation, x  = the actual percent share (in this study, IV values are used) of the top species (T), i.e., the

most dominant in the one-dominant model, or the two most dominant in the two-dominants model and so on; x is the
ideal percent share based on the model as mentioned above; x  is the percent share of the remaining species (U); and N

is the total number of species.

The vegetation data were supplemented with socio-economic data from key informants to provide information on the
disturbances in the mangroves. Meanwhile, the total relative basal area (RBA) was used in cluster analysis. A
dendrogram was constructed using the unweighted pair group method with arithmetic (UPGMA) averaging linking
algorithm and Bray-Curtis similarity index at 0.4. The resulting zones were named after the dominant mangrove species.
The dominant mangrove species were those with highest RBA. Following Ohsawa’s model of dominance, if there were
two co-dominant species, the name of the second dominant was combined with the first dominant species and so on.

2. Analyzing the relationship between mangrove distribution and environmental factors and coastal
processes

In determining the environmental factors affecting the distribution of mangroves, soil sampling was done following
compositing sampling described by Tan (2005). Teacup sized soil samples were collected and mixed thoroughly.

i

j
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Nitrogen (N), phosphorus (P), potassium (K), and pH were analyzed using the soil test kit developed by Soil Science
Cluster University of the Philippines, Los Baños. Particle size were tested using the “feel method” by Thien (1979).

To analyze the relationship of soil texture and pH, N, P, and K with the species distribution of mangroves, canonical
correspondence analysis (CCA) was employed. Further analysis was carried out by examining the longshore transport,
prevailing winds, rainfall pattern, temperature, and the geographic features of Manamoc Island in relation to the species
distribution of mangroves.

3. Assessing the role of mangroves in coastal retreat

To assess the role of mangroves in coastal retreat, time series analysis of land cover change of Manamoc Island was
used. Landsat images of Manamoc Island in 1989, 1997, 2003, 2006, and 2016 were downloaded from the USGS website
and processed using remote sensing techniques. The unsupervised classification (a method of classifying image in
remote sensing) was employed to produce a land cover map of the island. However, it should be noted that there were
limitations to this method: 1) coarse resolution of the image; 2) no accuracy assessment; and 3) limited available
images. This study focused on two land covers: mangrove and adjacent sand. Changes in the area cover of these two
were computed. To support the results, key informant interviews were used.

Results

1. Structure of mangrove communities in Manamoc Island

Eleven true mangrove species from six families were found in the Manamoc Island sampling plots (Table 1). Other
species of true mangroves and mangrove associates were also observed outside the sampling plots and these included:
Nypa fruticans Wurmb., Bruguiera gymnorhiza (L.) Lam., Aegiceras �oridum Roem and Schult., Pongamia pinnata (L.)
Pierre, and Dolichandrone spathacea (L.f.) Baill. ex K. Schum. Diversity index was 1.71. Analysis of the importance value
(Table 1) showed that Rhizophora mucronata Lam. (R. mucronata hereafter) was the most important mangrove species,
followed by Rhizophora apiculata Blume, Avicennia marina (Forsk.) Vierh., Sonneratia alba Sm., and Bruguiera sexangula
(Lour.) Poir. For convenience, the following abbreviations will be used hereafter: R. apiculata, A. marina, S. alba, and B.
sexangula hereafter. Dominance analysis following Ohsawa’s model and using IV resulted in four dominant species: R.
mucronata, R. apiculata, A. marina, and S. alba.
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Table 1. List of the mangrove species found on Manamoc Island and their corresponding frequency (F), density per hectare (D), basal area (BA) in cm  in
4200m  area, relative frequency (RF), relative density (RD), relative basal area (RBA) in percent, and importance value (IV) index.

Family Species F D BA RD RF RBA IV Rank

Avicenniaceae Avicennia marina (Forsk.) Vierh. 0.200 390.48 0.2232 17.79 20.00 22.32 20.04 3

Rhizophoraceae Bruguiera parvi�ora (Roxb.) Wight and Arn. ex Griff. 0.008 4.76 0.0006 0.22 0.80 0.06 0.36 10

Rhizophoraceae Bruguiera sexangula (Lour.) Poir 0.104 219.05 0.0524 9.98 10.40 5.24 8.54 5

Rhizophoraceae Ceriops tagal (Perr.) C. B. Rob. 0.024 16.67 0.0018 0.76 2.40 0.18 1.11 7

Combretaceae Lumnitzera racemosa Willd. 0.032 78.57 0.0086 3.58 3.20 0.86 2.55 6

Rhizophoraceae Rhizophora apiculata Blume 0.248 552.38 0.2655 25.16 24.80 26.55 25.50 2

Rhizophoraceae Rhizophora mucronata Lam. 0.240 735.71 0.2565 33.51 24.00 25.65 27.72 1

Rhizophoraceae Rhizophora stylosa Griff. 0.008 28.57 0.0010 1.30 0.80 0.10 0.73 8

Rubiaceae Scyphiphora hydrophylacea C.F. Gaertn. hydrophylacea 0.008 4.76 0.0002 0.22 0.80 0.02 0.34 11

Sonneratiaceae Sonneratia alba Sm. 0.120 147.62 0.1865 6.72 12.00 18.65 12.46 4

Meliaceae Xylocarpus granatum J. Koenig. 0.008 16.67 0.0038 0.76 0.80 0.38 0.65 9

Figures 4–5 show the height and dbh distributions of mangrove species in meters and centimeters respectively. Height
distribution analysis showed that eighty-eight percent (88%) of the mangroves were <8.5m high and mostly consisted A.
marina, R. apiculata and R. mucronata. Very few tall trees (16m above high) were encountered and this comprised only
1% of the total population. The tallest mangroves recorded were 20m high and were from A. marina, R. apiculata, and S.
alba. For the dbh distribution (Figure 6), more than half of the trees (64%) were very small with dbh of <11.22cm.
Likewise, very few (<1%) large-trunked mangroves, with 43.4cm dbh were. The highest dbh recorded was 54.11cm from
an A. marina. Results of height and dbh distributions indicated disturbance and therefore classify the mangroves as
secondary growth forest.

Fig 4. Distribution of mangrove species according to height (m) on Manamoc Island show that most of the mangroves were below 8.5m
high. Avicennia marina (Forsk.) Vierh., Rhizophora apiculata Blume, and Sonneratia alba Sm. were the tallest mangrove species.

2
2
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Fig 5. Distribution of mangrove species according to dbh (cm) on Manamoc Island show most had less than 22cm dbh.

Vegetation clusters/Mangrove clusters

Hierarchical cluster analysis of plots resulted in five (5) distinct clusters as shown in the dendrogram in Figure 6. These
were: Cluster I – Avicennia marina (Forsk.) Vierh.; Cluster II – Bruguiera sexangula (Lour.) Poir.; Cluster III – Rhizophora
apiculata Blume and Rhizophora mucronata Lam.; Cluster IV – Rhizophora mucronata Lam; and Cluster V – Sonneratia
alba J. Smith. The clusters were arranged according to mangrove zones. Clusters I and II were commonly found in the
landward zone. Meanwhile, Clusters III and IV occupied a wide range of habitats but were commonly found in the
middleward or seaward zones. Cluster V, on the other hand, was mostly found in the seaward zone.

Fig 6. A dendrogram showing the five clusters of mangrove plots in Manamoc Island based on the RBA and species composition. P1
indicates landward plot, P2 – middleward plots, and P3 – seaward plots. Plots with the same dominant species clustered together and

were consequently the plots were of the same habitat (i.e. Cluster I were composed of plots dominated by A. marina which usually
occupied landward zone in the case of Manamoc Island). The UPGMA linking algorithm and Bray-Curtis index of similarity at 0.4 were
used. A cophenetic correlation of 0.8127 was derived indicating a relatively strong clustering. The dendrogram was generated using

Paleontological Statistical Tool (PAST).
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Cluster I: Avicennia marina (Forsk.) Vierh. Cluster

Cluster I was composed of nine plots, most of which were in the landward zone (Figure 7). This cluster had two branches
at a 0.65 similarity level: A. marina and A. marina – R. apiculata (Figure 6). The A. marina branch was an A. marina
dominated zone mixed with L. racemosa, R. mucronata, R. apiculata, and C. tagal. On the other hand, the A. marina – R.
apiculata branch was dominated by both A. marina and R. apiculata and was also mixed with other mangroves: B.
sexangula, S. alba, and C. tagal. Substrate for this cluster ranged from silty clay-loam to sandy substrate. There were 194
mangrove individuals and 7 mangrove species found in this cluster: A. marina, B. sexangula, C. tagal, L. racemosa, R.
apiculata, R. mucronata, and S. alba. A majority (66%) of the mangrove population in this cluster was 0–4m tall. The
highest height recorded was 11m from an A. marina. Likewise, 73% of individuals had a dbh of 2.86–11.84cm. The
highest dbh recorded was 47.75cm from an A. marina. The diversity index for this cluster was 2.67.

Fig 7. Cluster 1 Avicennia marina (Forsk.) Vierh. in the landward habitat zone

Cluster II: Bruguiera sexangula (Lour.) Poir Cluster

This cluster was composed of only two plots and thus the smallest in terms of number of plots (Figure 6). It was
characterized by sandy loam to silty clay-loam substrate and was located in the upper intertidal zone which was suitable
for B. sexangula, the dominant species in this cluster (Figure 8). There were only 51 mangrove individuals and six (6)
mangrove species found in this cluster: A. marina, B. parvi�ora, B. sexangula, L. racemosa, R. apiculata, and S.
hydrophylacea. Most (47%) of the trees in this cluster stand 1–3.2m tall. The highest height recorded was 7.5m from an
A. marina. Most (45%) individuals had a dbh of 3.18–7.64cm (45%). The highest dbh recorded was 25cm from a B.
sexangula. The diversity index was 2.47.
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Fig 8. Cluster II Bruguiera sexangula (Lour.) Poir. in the landward zone

Cluster III: Mixed Rhizophora apiculata Blume and Rhizophora mucronata Lam. Cluster

This cluster was composed of 14 plots and therefore the largest among the clusters in terms of the number of plots as
shown in Figure 6. There were two distinct branches for this cluster at a 0.55 level of similarity: R. mucronata – R.
apiculata – A. marina and R. apiculata. Similar to Cluster I, there was an overlap of three mangrove zones: landward,
middleward, and seaward. A majority of the plots were in the middleward zone (Figure 9). There were 268 mangrove
individuals and 7 mangrove species found in this cluster. These were: A. marina, B. sexangula, R. apiculata, R. mucronata,
S. alba, X. granatum and C. tagal. A majority (63%) of the mangroves in this cluster were within the height range of 0.8–
7.2m. The highest height recorded was 20m both from a R. apiculata and A. marina. For the dbh distribution, 64% had
dbh of 3.18–13.37cm. The highest dbh recorded was 54cm from an A. marina. The diversity index for this cluster was
2.61.

Fig 9. Cluster III Mixed Rhizophora apiculata Blume and Rhizophora mucronata Lam. in the overlapping middleward and seaward zones
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Cluster IV: Rhizophora mucronata Lam. Cluster

There were ten (10) plots in this cluster (Figure 6). There were also two distinct branches in this cluster: R. mucronata –
R. apiculata and R. mucronata at a 0.55 level of similarity. Most of the plots in this cluster were located in the seaward
zone with a few in the middleward which was characterized by sandy to silty clay-loam substrate. There were 292
mangrove individuals and 6 species of mangroves found in this cluster. These were: A. marina, B. sexangula, R. apiculata,
R. mucronata, and R. stylosa. Most of the mangroves in this cluster (68%) stood 1–5.3m high. The highest height
recorded was 14m from a S. alba. Dbh distribution showed that 63% had a dbh of 2.55–9.55cm. The highest dbh
recorded was 37.56cm from a R. mucronata. The diversity index was 1.7.

Fig 10. Cluster IV Rhizophora mucronata Lam. in the muddy middleward zone

Cluster V: Sonneratia alba Sm. Cluster

There were seven plots comprising this cluster and a majority were in the seaward zone (Figure 11). Cluster V had two
prominent branches at a 0.65 level of similarity: S. alba and mixed of S. alba – A. marina – B. sexangula. Substrate in this
cluster was characterized as sandy, sandy loam to sandy clay-loam. There were 117 mangrove individuals from five (5)
species of mangrove in this cluster: A. marina, B. sexangula, R. apiculata, R. mucronata, and S. alba. A large portion (78%)
were <7.4m tall and the highest height recorded was 20m from a S. alba. 52% of the mangroves in this cluster had dbh of
0.48–10.76cm. The highest dbh recorded was 51.88cm from a S. alba. Diversity index for this cluster was 3.05.

Journal of Marine and Island Cultures, v7n1 — Martinez & Buot

74
2212-6821 © 2018 Institution for Marine and Island Cultures, Mokpo National University.

 10.21463/jmic.2018.07.1.05 — http://jmic.online/issues/v7n1/5/



Fig 11. The seaward zone showing the cones (aerial roots) of Sonneratia alba Sm. at Cluster V.

2. Relationship between physical processes and island vegetation 
Distance between plots and distribution of mangrove species across edaphic characteristics of
Manamoc Island

The scatterplot diagram (Figure 12) shows the distance between plots and the distribution of mangrove species across
edaphic factors in Manamoc Island. Plots sharing the same species composition were plotted close to each other and
near to the shared mangrove species. Plots in Cluster I (S7_P1, S14_P1, S4_P2, and S9_P1) were plotted very close to
each other and grouped around A. marina. Similarly, plots in cluster III, IV, and V were dominated by R. apiculata, R.
mucronata, and S. alba respectively. Plots S11_P1, S1_P2, S10_P2, S13_P1, and S6_P2 were plotted very close to each
other and clustered around R. apiculata. Plots S12_P3, S14_P2, S10_P3, S11_P3, and S8_P3 were plotted close to each
other and clustered around S. alba. Plots in Cluster III which had co-dominants: R. apiculata and R. mucronata were
plotted in between these species. Plots in Cluster II however behaved differently. The plots did not cluster around the
dominant species, B. sexangula, but instead were plotted near to B. parvi�ora. Species plotted near the edge of the
diagram indicated rare distribution i.e. B. sexangula.
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Fig 12. Distances between plots and edaphic characteristics affecting the distribution of mangrove species analyzed using Canonical
Correspondence Analysis (CCA). Four edaphic characteristics were used: soil texture, pH, N, and P. Paleontological Statistical Tool (PAST)

was employed to run the CCA. For ease of identifying the location of plots across mangrove zones, plots were named with Sn_Pn to
indicate the location of the plots. Sn stands for the location of the plots in Manamoc Island whereas Pn stands for the mangrove zones: P1

– landward (black filled circle), P2 – middleward (black-filled square), and P3 – seaward (black-filled triangle).

Figure 12 also shows the edaphic factors affecting the distribution of mangrove species specifically soil texture, pH, N,
and P. Avicennia marina and R. stylosa were positively correlated with pH and the macro nutrient Phosphorous (P) but
were negatively correlated with the macro nutrient N. Both R. apiculata and R. mucronata were positively correlated with
macro nutrient N but were negatively correlated with P and pH. L. racemosa, R. stylosa, and R. mucronata were positively
correlated with soil texture which means this species preferred coarse soil texture i.e. sandy soil. In contrast, S. alba, B.
parvi�ora, B. sexangula, and S. hydrophylacea were negatively correlated with soil texture which means these species
preferred fine soil texture i.e. silty clay. Species plotted at the edge of the diagram i.e. B. sexangula, Ceriops tagal,
Xylocarpus granatum, and L. racemosa were either with rare distribution or occupying relatively extreme soil parameters.

Other physical processes a�fecting the distribution of mangrove species

Aside from the edaphic characteristics of Manamoc Island, other physical processes also affect the distribution of
mangroves directly and indirectly. These are: wind, waves, tides, rainfall, and temperature. As mentioned earlier,
Manamoc has a Type I climate (Figure 2). It is characterized by a dry season from the months of November to April and
wet season from the months of May to October (Figure 2). The average annual rainfall was 2,136mm which can be
considered a median compared to the nationwide rainfall distribution that ranges from 965mm to 4,064mm (PAG-ASA,
2016). Although mangroves can tolerate salinity, fresh water is still needed for the physiological processes. During wet
season, a short-lived supply of run-off water flows downhill to the mangroves (locally known as bangalog) and thus
replenish the freshwater needed by the mangroves. Meanwhile, during dry season, mangroves can only get water
seeping from underground. This is only possible during low tide where seawater retreats and thus freshwater from the
underground flows to the mangroves. Therefore, aside from the rainfall, tides also play an important role for the
mangroves. Tide do not only help facilitate groundwater movement, tides also bring nutrients and sediments necessary
for the establishment of mangrove propagules. Being a small island, Manamoc has a limited supply of nutrients coming
from the terrestrial habitat. It also lacks a river to supply sediments and nutrients to the mangroves like most of the
mangroves in other places. Tides and waves bring nutrients and sediments from offshore. Table 2 shows the tide
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characteristics affecting Manamoc Island. Mean tide level was 1.82m. The mean highest high water (MHHW) level was
2.54m and the mean lowest low water (MLLW) was 1.19m.

Table 2. Tide characteristics for 1998 – 2012 in meters (Tide station: Puerto Princesa City)

MHHW MHW Mean tide level MLW MLLW

2.54 2.21 1.82 1.49 1.19

Another factor affecting the distribution of the mangroves was the prevailing wind. Figure 13 shows the windrose
diagram. There were three (3) prevailing winds affecting Manamoc Island: NE, SW, and NNE. Normal wind speed ranged
from 1–2ms  to an extreme of 11–12ms .

Strong winds resulted in high and forceful waves. Thus, in the mangrove area exposed to this, only the frontliner species
such as S. alba. This was the case in Kanike area where most of the S. alba can be found.

Fig 13. Windrose diagram showing the wind direction and velocity (in mps) dominant in Manamoc Island using the average of wind data
over 29 years. Three winds prevail: NW – northwest, SW – southwest, and NNE- north-northeast. (data from the PAG-ASA, Quezon City).

3. Mangroves and coastal retreat

Analysis of sand cover change has shown that a total of 18,000m  water to sand change has been detected in the upper

left portion of Manamoc Island from 1989–2016 as shown in Figure 14. Most of these changes were at the mouth of the
lagoon, the northwest section, which is adjacent to the mangrove forest. Similarly, a total of 50,400m  of water to sand

has been detected in the southern section of Manamoc Island during the same span of time (Figure 15). Most of these
changes were observed at the mouth of the lagoon, adjacent to the mangrove forest.

-1 -1

2

2
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Fig 14. Sand cover change in 1989–2016 highlighting the upper left portion of Manamoc Island

Fig 15. Sand cover change in 1989–2016 highlighting the lower portion of Manamoc Island.

Results from KII have revealed that the upper section of the mouth of the lagoon (Figure 14 inside the purple box) was
already observed to be retreating way back in 1990’s. Incidentally, the communal cemetery was located at this area. Out
of fear of losing the cemetery, the people started to reforest this area by planting mangroves in front of the cemetery
about fifteen years ago or more. The mangrove cover increased in this area and incidentally, the sand cover also
increased. According to the locals, the sand stopped retreating and the sand cover increased instead. Similar changes
have been observed at the lower section of the mouth of the lagoon (Figure 15 inside the purple box). Although no
reforestation has been done in this area, the proclamation of the Province of Palawan as a mangrove reserve helped in
the increase of mangrove cover. Results of both sand cover change and KII imply that mangroves mitigate coastal
retreat and helped increased sand cover.

Journal of Marine and Island Cultures, v7n1 — Martinez & Buot

78
2212-6821 © 2018 Institution for Marine and Island Cultures, Mokpo National University.

 10.21463/jmic.2018.07.1.05 — http://jmic.online/issues/v7n1/5/



Discussion

Floristic character, species diversity, and human disturbances

Out of the 39 true mangrove species in the Philippines (Sinfuego & Buot, 2008), 11 were found on Manamoc Island. This
number was relatively high compared to the results of previous studies conducted by UP-MSI in 2002 (unpublished) and
the Palawan Council for Sustainable Development (PCSD) in 2003 (Table 3). The former reported 7 species whereas the
latter reported 5 species of mangroves (Table 3). The previous studies did not include the following species: C. tagal, S.
hydrophylacea and L. racemosa.

The diversity index shows that mangroves on Manamoc island were relatively more diverse than those in Puerto
Princesa City Palawan which had H’ values ranging from 0.35–0.91 (Galon et al., 2016) using the same diversity index.
Dominance analysis shows that R. mucronata Lam. was the most dominant mangrove species on the island. This was
due to the species’ high density and frequency.

Table 3. List of mangroves in Manamoc Island from other studies.

Mangrove species UP-MSI (2002) PCSD (2003)

Avicennia marina (Forsk.) Vierh. ✓ ✓

Bruguiera gymnorhiza (L.) Lam. ✓ ✓

Rhizophora apiculata Blume ✓ ✓

Rhizophora mucronata Lam. ✓ ✓

Rhizophora stylosa Griff. ✓ ✓

Sonneratia alba Sm. ✓ ✓

Xylocarpus granatum J. Koenig. ✓

The diversity index was impressive given that Manamoc is a small island and very isolated from possible sources of
mangrove species. In the country, Palawan is among the provinces with the largest remaining primary mangrove forest
(Becira, 2005). In 1981 under the presidential Proclamation No. 2152, the entire province of Palawan was declared as
mangrove reserve along with other areas in the country (Melana et al., 2005), 2017). This in particular has contributed to
the preservation of mangroves in the entire province including its island municipalities thus maintaining its diversity.

The mangroves in Manamoc Island were of secondary growth as indicated by the dbh and height distribution (Figures 4
and 5). This is primarily because of anthropogenic activities. Geographically, Manamoc and its neighboring islands are
isolated from the mainland of Palawan therefore, basic needs in particular fuel energy are harvested from the island.
Mangroves were used as fuel, charcoal, and for house construction. Prior to the proclamation of the Province of Palawan
as a mangrove reserve, cutting of mangroves was rampant. Furthermore, during the 80’s and 90’s, salt-making was
among the major sources of income on the island. Areas of mangroves were cut and replaced with salt ponds. Later,
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seaweed farming was also introduced to the island. Mangroves were cut to use as posts for the mainline of seaweed
farm. Around that time, fishpond was also considered as an alternative source of livelihood for the residents of
Manamoc. Approximately 2,500 sq. m of mangrove area was cleared. Unfortunately, the plans did not materialize, and no
efforts were made to restore area. Conversion of mangroves to fishponds was the major cause of mangrove degradation
in the country (Melana, Melana, & Mapalo, 2005). All of these have contributed to the degradation of mangrove forest on
the island and resulting to low dbh and height. Because of the human activities some species may have become locally
extinct. Currently, illegal cutting of mangrove is still prevalent in the island.

 

Fig 16. Disturbances in mangroves such as illegal cutting (left) for seaweed posts or charcoal and conversion to fishponds (right) reduces
the ability of mangroves to buffer against strong winds and waves.

Mangrove zonation as a�fected by the di�ferent environmental factors including coastal
processes

The clustering pattern of mangrove species in Manamoc Island was highly affected by the island’s physical
characteristics such as but not limited to edaphic, climatic, and topographic features. CCA showed how edaphic
characteristics have affected the distribution of mangroves. Some species preferred clay soil such as the R. mucronata
while some preferred sandy soil such as L. racemosa and X. granatum. In Panay Island, Philippines, both R. mucronata
and L. racemosa grow in sandy and muddy substrate as reported by Primavera (2009). In Puerto Princesa, Palawan, R.
apiculata and R. stylosa were found on a muddy substrate (Becira, 2005). Further, other mangrove species preferred
basic soil while others tolerated acidic soil. According to Hossain and Nuruddin (2016), mangrove species had an
optimum pH range except for A. marina. In this study, soil pH ranged from 6.4–7.6. Hossain & Nuruddin (2016) reported
that mangrove soils may be either acidic or basic, ranging from 2.87–8.22 but typically acidic. Soil pH is among the
environmental factors that regulate the growth of species and zonal distributions of mangroves (Wakushima, Kuraishi, &
Sakurai, 1994). Some species were clustered with other species while others do not. Some species were in the seaward
zone such as S. alba while others at the back or landwards such as Avicennia and Bruguiera species. Others were in the
middle zone such as the Rhizophora species.
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According to Hogarth (2015) species distribution and zonation pattern of mangroves are results of the interaction
between competition and a physical gradient. Zonation of mangroves species reflects the ecophysiological response of
the plants to one or a series of environmental gradients (Woodroffe, 1992). It is the combination of factors such as
frequency and duration of inundation, waterlogging of substrate, pore water salinity and pore water potential, that
determines which plants grow where (Woodroffe, 1992). These gradients respond directly or indirectly to the landform
patterns and the physical processes (Woodroffe, 1992). This was evident on Manamoc Island as shown in Figures 6 and
12. There were 5 distinct clusters. Despite the small size of the island and very thin strip of mangroves, the zonation
patterns on Manamoc still followed the usual mangrove zonation pattern. Clusters I and II were dominated by landward
species: Avicennia and Bruguiera. A. marina however occupies a wide range of zones as it is known to be a seaward
species too. It occurs in low to middle tidal level and from sandy, muddy or coralline substrate while B. sexangula is
mostly found in high tidal level with substrate hard mud, sandy-muddy (Primavera, 2009). Clusters III and IV were
composed of middleward to seaward species: R. apiculata and R. mucronata. These two species occur at low to mid
intertidal marine and the substrate was muddy for R. apiculata and sandy to muddy for R. mucronata (Primavera, 2009).
Cluster V was dominated by S. alba, a frontline species with high salinity tolerance and found mostly in the low to mid-
intertidal in the seaward zone with coralline to muddy substrate (Primavera, 2009).

This zonation pattern was unexpected for a small island whose mangrove area was just a thin strip that was usually
inundated by seawater since this zonation pattern is commonly observed in large mangrove forests where the zonation
is very distinct. Though differing by location and forest type, this was similar to the altitudinal zonation pattern observed
by Buot and Okitsu (1998). They observed that the zonation patterns of mountains in the Philippines were the same
although they differed in terms of distances or coverage per zone.

Edaphic characteristics were not the only environmental factors that affected the zonation of mangroves, but the
climatic and the physical processes did so as well. The climatic factors, temperature, and rainfall were among the
limiting factors for the distribution of mangroves. Mangroves usually grow in a tropical environment and like most of the
plants, need freshwater for their physiological processes. Thus, sufficient rainfall is needed. Also part of the climatic
characteristics was the monsoon. The southwest monsoon brings rains to the island and thus replenish the freshwater
supply. The northeast monsoon results to strong winds and waves, thus bringing sediments and nutrient from offshore
and other neighboring islands. Waves and tides also play a role in the distribution of nutrients. The tide, as previously
mentioned affects the underground freshwater supply for the mangroves during the dry season.

In addition, topographic features of the island played a role in the distribution of the mangroves. Noticeably, most of the
mangroves grow in the embayment areas of the island the largest of these being the perimeter of the lagoon. The lagoon
was protected from strong waves and winds, allowing the growth and reproduction of the mangroves. The eastern part
of the island was also an embayment which was partly protected against strong waves and winds. The sediments and
nutrients needed by the plants were trapped in the embayment and thus became suitable for mangrove colonization.

Mangroves as agents in mitigating coastal retreat

Data shows that mangroves mitigated coastal retreat of Manamoc Island specifically at the mouth of the lagoon. Studies
of Horstman, et al. (2014) and Mazda et al. (1997) on mangroves have shown that they can mitigate coastal retreat. The
complex root system of mangroves as well as the trunk reduced the impact of the waves. Moreover, the complex root
system effectively trapped the sediments. This may be the case with Manamoc Island. The increased in sand cover may
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be due to the increased mangrove cover. However, the mangroves of Manamoc Island are very thin in terms of cover and
they are mostly young trees as shown in Figures 4 and 5. According to Mazda et al., (1997), drag force in young
mangrove was barely effective. Therefore, the density of mangroves as well as their height are critical factors for the
effectivity of mangroves mitigating coastal retreat.

Conclusion

Mangroves as part of the coastal ecosystem are affected by the physical processes such as tides, winds, and rainfall are
involved in shaping the coastline. Mangrove species orient across the environmental gradient suitable for their survival
and reproduction as shown in the zonation of mangroves in Manamoc Island. Mangrove zonation is similar to other
areas in the Philippines despite of the islands’ small area. In areas with less sediments and strong currents, mangroves
cannot colonize. But data in this study showed that mangrove are effective agents in mitigating coastal retreat of
Manamoc Island.
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