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Abstract. Marpaung BA, Budiadi, Pertiwiningrum A, Lestari LD, Nurjanto HH, Widiyatno. 2022. Interspecific associations of
mangrove species and their preferences for edaphic factors and water quality. Biodiversitas 23: 4626-4635. Scientists from different
regions have reported failures of mangrove restorations that were predicted due to the unsuitability of the species for the habitats.
Habitat preferences should become an important consideration for mangrove restoration and management. This study aimed to find
interspecific associations between species and examine the edaphic factors and water quality suitable for mangroves. Eight research
stations (and 24 sample plots) were established purposively based on the vegetation structure and salinity levels in successful mangrove
restorations in East Lampung in 2020. In each plot, vegetal data and sediment and water samples were taken. The species domination
was analyzed using the important value index (IVI), and interspecific associations were determined using a 2x2 contingency table. The
edaphic factors and water quality were analyzed using principal component analysis (PCA) to find factors that had significant
correlations among others. The effects of the edaphic factors and water quality on species regeneration were analyzed using multiple
linear regression by backward elimination to develop a model of habitat preferences for mangroves. Based on the results, Avicennia

marina and Rhizophora sp. were the dominant species in all the zones. Still, the lack of interspecific association (¥fie = Xées)
showed that both species had different preferences for the habitat. We found four principal components (PCs) of edaphic factors—i.e.,
the environmental (soil and surface) temperature, dusty clay and Ca, inorganic nitrogen (NHs-N and NOz-N), and Mg—and two PCs of
water quality, i.e., nontoxic pollutants (total suspended solids and turbidity) and anthropogenic factors (NO2-N and POs-P), as predictors
for multiple linear regression. The seedlings of A. marina had no specific preferences for edaphic factors but significantly preferred
nontoxic pollutants (R? = 0.619), while the seedlings of Rhizophora spp. significantly preferred a specific environmental temperature,
dusty clay and Ca, and inorganic nitrogen (R?= 0.768), and nontoxic pollutants (R? = 0.755). Combining A. marina and Rhizophora spp.
in mangrove restorations should be avoided. Therefore, spatial planting patterns or sequential planting based on the succession stages of
the habitat could be established.

Keywords: Avicennia, mangrove zone, restoration, Rhizophora, succession

INTRODUCTION

Mangroves grow along intertidal zones, and they
morphologically and physiologically adapt well to such
extreme environments (Alongi 2009; Wang et al. 2019).
Mangroves are parts of estuaries and coastal ecosystems
that have various functions and uses and, therefore, must be
conserved and protected (Barbier et al. 2011). On the other
hand, mangroves are sensitive to many habitat changes
caused by natural or anthropogenic activities, including
fisheries and deforestation (Maulidar and Samosir 2016;
Goldberg et al. 2020). Southeast Asian countries, including
Indonesia, contribute 0.26 to 0.66% to global mangrove
deforestation annually (Hamilton and Casey 2016;
Richards and Friess 2016). Mangrove deforestation in
Indonesia is caused by fishery activities or pond
establishment, cutting, land-use change to estate plantations
or agricultural land, coastal development, and natural
disasters (llman et al. 2016; Eddy et al. 2021). The

deforestation decreases species diversity, density, and
environmental services (Nordhaus et al. 2019).

Mangrove restoration is, globally, mainly conducted
through the direct plantation on site (Lee et al. 2019).
However, some failures in mangrove restoration have been
reported, including in Indonesia (Nusantara et al. 2015),
with a low survival rate that is probably due to the species’
incompatibility with the habitats (Kodikara et al. 2017;
Wodehouse and Rayment 2019). Many key factors that are
usually considered in mangrove restoration are the salinity,
pH, slope, wind velocity, tidal period and length, and depth
of mud, although optimizing a single factor can
significantly improve the survival rate of the mangroves
(Win et al. 2019; Charrua et al. 2020; Jalil et al. 2020). In
fact, optimizing the salinity, inundation period, and depth
of the mud only stimulates zone formation (Faridah-Hanum
et al. 2019; Win et al. 2019; Jalil et al. 2020).

Each mangrove species has certain preferences of
habitat that influence its regeneration and survival rate



MARPAUNG et al. — Mangrove species and their preferences

(Peng et al. 2016; Wodehouse and Rayment 2019;
Sreelekshmi et al. 2020). Comprehensive research on the
habitat preferences of mangrove species regarding edaphic
factors and water quality has been conducted in India (Das
et al. 2019), whereas in Indonesia, research on habitat
preferences is still based on the individual analysis of
variables such as the pH, diluted oxygen, salinity,
temperature, depth of the mud, and slope (e.g., in
Poedjirahajoe et al. 2017; Matatula et al. 2019). Research
on water quality usually encompasses the relationship
between the rate of pollution and the growth of mangrove
vegetation (Heriyanto and Suharti 2019; Sari et al. 2019).
The studies partially correlate the vegetation with edaphic
factors or water quality; in fact, the characteristics should
show reciprocal multivariate relationships (Cooray et al.
2021). Edaphic factors affect the ecophysiology,
composition, and structure of mangrove species (Hossain
and Nuruddin 2016), while the water quality is able to
identify the existence of anthropogenic resources in the
ecosystem (Maurya and Kumari 2021).

Knowledge about the habitat preference of a mangrove
species should be developed because it determines success
in mangrove restorations (Lee et al. 2019; Wodehouse and
Rayment 2019). Habitat preferences can be researched
through empirical studies on successful mangrove
restorations (e.g., in the study of Oh et al. 2017) by
measuring changes in mangrove landcover over time and
the existence of interspecific relationships (Lewis 2009;
Liu et al. 2017). Yuliasamaya et al. (2014) mentioned the
successful regeneration of a mangrove area on the East
coast of Lampung Province between 2004 and 2013, and
our preliminary survey also found a significant increase in
land cover in the area between 2010 and 2020. On the site,
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we conducted a field survey to analyze the interspecific
association between mangrove species, and to improve the
knowledge of habitat preferences for mangrove
regeneration based on edaphic factors and water quality.

MATERIALS AND METHODS

Study area

The research was conducted in a mangrove area in
Purworejo village, East Lampung District (5° 29° 53.41” -
5° 29’ 53.84”” LS and 105° 47’ 52.96” - 105° 50°56.84)
(Figure 1). Based on a preliminary survey, the mangrove
land cover in the location increased from 58 ha (in 2010) to
508 ha (in 2020). In order to study the habitat preference of
the successful mangrove, we collected data on the stand
composition and structure, took soil and water samples in
August 2020, and continued with laboratory analysis until
March 2021.

Procedures

The locations and distributions of the research stations
are shown in Figures 1a and 1b. Based on the salinity levels
referred to Barik et al. (2018), the locations were divided
into oligohaline (salinity: 5-15 ppm), mesohaline (15.1-25
ppm), and polyhaline (> 25 ppm), and represented the
established stations (Figure 1c). Stations S1, S2, S3, and S6
are colonization areas for natural and planted Rhizophora
spp., and are seedling dominant (S1) and sapling dominant
(S2, S3, and S6). Stations S1 to S8 are also colonization
areas for the natural regeneration of A. marina and are
seedling dominant (S1), sapling dominant (S2 and S3), and
pole and tree dominant (S4, S5, S6, S7, and S8).
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Figure 1. Research map of Purworejo Village, East Lampung District, Lampung Province. Map resources: OpenStreetMap, Google
Earth Engine (GEE). a. The location of the mangrove area; b. Research stations based on OpenStreetMap GEE; c. Research stations are
classified by the salinity level, i.e., polyhaline (S1 and S2), mesohaline (S3, S4, and S5), and oligohaline (S6, S7, and S8)
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In each station, we established three plots of 10 m x 10
m (refer to Kauffman and Donato 2012), with a 50 m
distance between the plots, making a total of 24 units.
Measurements for all the vegetation were taken, including
species identification (refer to Noor et al. 1999); the height
for the seedlings; and the stem diameter and total height for
the saplings, poles, and trees. Mangroves were classified as
seedlings (less than 1.5 m in height), saplings (less than 10
cm in diameter), and trees (more than 10 cm in diameter)
(Istomo et al. 2020). The stem diameter was measured at a
130 cm height from the stem base (Kauffman and Donato
2012). The samples for soil analysis, water, and microsite
data were taken in three diagonal spots in the main plots.
From the spots, samples for soil chemical analysis were
taken using the disturbed method at a 20 cm depth and
mixed to obtain composite samples. The samples for soil
physical analysis were taken using the undisturbed method
with a soil ring (4.8 cm in diameter and 5.0 cm in height) at
a soil depth of 10 cm. The water samples from each main
plot were combined into composite samples. Microsite
data, including soil temperature, surface temperature and
humidity were taken directly at the same time when soil
samples were taken in the main plots. The method and
results for the soil properties and water quality analyses are
provided in Tables 1 and 2.

Data analysis

In each plot, measurements of the relative density (RD),
relative frequency (RF), and relative dominance (RDom) of
the stands were conducted to calculate the important value
index (IVI) (Cintron and Schaeffer Novelli 1984).
Interspecific associations were analyzed using a 2 x 2
contingency table (Ludwig and Reyolds 1988), and
hypothetically, every dominant species was independent
(or no significant associations were found). Hypothetical

tests were conducted using chi-square (¢°) tests and Yates
corrections to determine the significance of species
associations, and the Ochiai index (Ol) to evaluate
interspecific correlations (refer to Li et al. 2008; Liu et al.
2017). Principal component analysis (PCA) was utilized to
measure the ordination axes (Peres-Neto et al. 2003), by
analyzing the edaphic characteristics and water quality in
each salinity zone. Varimax rotation was utilized to
simplify the interpretation of the variables (Acal et al.
2020), and the Kaiser criterion (eigenvalue > 1.0) was
utilized to determine the number of selected principal
components (PCs) (Gholizadeh et al. 2016). A significant
correlation between single variables could be recognized
by a loadings value £0.5 (Williams et al. 2010). The PCA
was then visualized using the “ggplot” package in RStudio
(Wickham 2016). Analysis of similarity (ANOSIM)
(Somerfield et al. 2021) was employed to measure the
similarity and dissimilarity of variables between groups (or
mangrove zones), using the PAST software (Hammer et al.
2001).

The stand densities (N ha') of the seedlings and
saplings were regarded as response variables, while PCs
selected from the results of the PCA were regarded as
predictors for multiple linear regression by the backward
elimination method (Rhyma et al. 2020) using RStudio’s
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“olsrr” package (Hebbali 2020). The formula for the
multiple linear regression analysis was as follows (Abdel-
Salam 2008):

Yi=Bo+B1X1i+ BaXai -+ B Xki+&i

Note: i = 1,2,3..., n; S0 = the value of Y, when Xi, Xz,
and Xx = 0; &i = the error; the values of 1 to Bk are for
each increasing or decreasing value of X; to Xk

RESULTS AND DISCUSSION

Vegetation structure and interspecific association

Four true mangrove species composed the ecosystem in
the location:  Avicennia marina  (Forssk.)  Vierh.
(Acanthaceae), Rhizophora stylosa Griff. (Rhizophoraceae),
Rhizophora mucronata Lamk. (Rhizophoraceae), and
Excoecaria agallocha L. (Euphorbiaceae) (Table 3).

For the seedling stage, the highest density was found in
the polyhaline zone of R. stylosa (1282 individuals per ha),
while for the sapling stage, it was in the mesohaline zone of
A. marina (2967 individuals per ha). For the tree stage, the
oligohaline and mesohaline zones were dominated by A.
marina. In general, A. marina and R. stylosa were found in
all the zones, while E. agallocha was only found in very
low numbers (IVI: 12.2%) in the oligohaline zone (Table
3). A higher IVI value reflects a significant contribution of
a species in the community and its habitat preference
(Kiruba-Sankar et al. 2018; Rani et al. 2018). A. marina is
adaptive to all the intertidal zones and tolerates low- to
high-salinity conditions (Jayatissa 2006; Tamin et al. 2011,
Basyuni et al. 2019; Cheng et al. 2020), whereas R. stylosa
can grow well under medium salinity, but its growth
capability declines under high salinity (Kanai et al. 2014;
Basyuni et al. 2019).

Excoecaria agallocha was not considered for
interspecific associations due to the low number of
individuals per ha, and therefore, in all of the zones, there
were species pairs of A. marina-R. stylosa, A. marina-R.
mucronata, and R. stylosa-R. mucronata (Table 4). The
results from the analysis of interspecific associations
showed that there was no clear association between A.
marina and Rhizophora sp. in any of the zones

(¥Ric = Xies), The relationships between A. marina and
Rhizophora spp. tended to be negative, reflecting the fact
that the two species have different habitat preferences. The
Ochiai index (Ol) was not very meaningful because the
three species pairs had no associations. The lack of
associations between species reflects the fact that each
species in the community tends to be independent (Liu et
al. 2017). As stated by Hilmi et al. (2021) based on
research in Segara Anakan, no interspecies associations
were found for mangrove species, and clusters of similar
species tended to be established. The species clusterization
is related to mangrove zonation; i.e., A. marina is found
along river flows and close to land, while Rhizophora spp.
is usually found in the centers of estuaries (Putri et al.
2015; Sreelekshmi et al. 2020; Triest et al. 2020), but some
cases of homogeneity also result from planting activities
(Pham et al. 2019; Wang et al. 2021).
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Table 1. Edaphic variables in different salinity zones in the coastal area of East Lampung, Indonesia (mean + SE)

: Salinity zones Method References
Variable Oligohaline Mesohaline Polyhaline
pH H20 7.8+£0.05° 7.7+0.1° 8.1+0.03% Extract, 1:5 (Kargas et al. 2020;
Pan et al. 2019)
EC (dS/m) 0.01 £ 0.00? 0.01+0.0° 0.010 £ 0.0? Potentiometer (Yin and Yan 2020)
Redox (mV) 353.7 £ 6.42 3594 +3.2¢% 3545+2.0° Extract, 1.5 (Duan et al. 2020)
Organic C (%) 2.5+0.20° 2610122 1.6 +0.06° Walkley and Black (Budiadi 2020)
CEC (cmolc/kg) 30.5+0.672 29.0 £ 0.56% 24.2 £0.4° NHg acetate IN, pH7  (Ukpong 2000)
NHg-N (ppm) 130.0 £ 25.7° 83.3£8.20 2753+63.8"  Morgan-Wolf, (Eviati and Sulaeman 2009)
spectrophotometer
NOs-N (ppm) 48.0 +£5.04° 49.8 +5.4° 187.7+54.92  Morgan-Wolf, (Eviati and Sulaeman 2009)
spectrophotometer

P (ppm) 5.0+0.712 3.0+£0.24° 3.2+£0.31° Morgan-Wolf (Kumawat et al. 2017)
Calcium (ppm) 717.1+£49.52 805.4 £ 35.52 699.3 £24.22 Morgan-Wolf (Kumawat et al. 2017)
Ca (ppm) 4521.4 +1362.5% 22342 £298.5"> 5173.3+472.7¢ Morgan-Wolf (Kumawat et al. 2017)
Mg (ppm) 3597.6 + 81.12 3652.2+112.02 3368.5+92.6°  Morgan-Wolf (Kumawat et al. 2017)
Fe (ppm) 7.8+0.82 9.1+042 5.0+0.7° Morgan-Wolf (Kumawat et al. 2017)
Texture Dusty clay Dusty clay Dusty clay Pipette method (Dewi et al. 2014)
Bulk density(g/mL) 0.4 +0.1° 0.4 +0.02° 0.46 + 0.0 Core method (Al-Shammary et al. 2018)
Particle density (¢/mL) 1.9 +0.1° 2.0+0.1% 2.1+0.0° Core method (Das et al. 2019)
Soil temperature ('C) 27.8 + 0.40° 27.2+0.20 31.8+0.9? Soil thermometer (Poedjirahajoe et al. 2017)
Surface temp. (°C)  31.9+0.33° 31.4+0.3° 33.1+0.5° Thermohygrometer (Dimara et al. 2021)
Humidity (%) 76.7 £1.9° 854+ 178 78.0 £ 1.0° Thermohygrometer (Dimara et al. 2021)

Note: different superscript letters indicate significance for variables in different salinity zones; a = 0.05

Table 2. Water quality variables for different salinity zones in the coastal area of East Lampung, Indonesia (mean + SE)

Salinity zones

Variable Oligohaline Mesohaline Polyhaline Method References
TSS (mg/L) 652.0 £280.2¢  175.3+91.6> 2289.7 +880.5¢  In House Method BBTKLPP Yogyakarta
Turbidity (NTU) 915.0+383.57 226.4+89.9° 2324.2+458.2° SNI 06-6989.25-2005 (KLHK 2019)
Salinity (%o) 12.4+£0.2° 19.1+0.8° 26.4 = 0.6° In House Method BBTKLPP Yogyakarta
pH 7.4+0.0° 7.4+0.1° 7.3+0.03° SNI6989.11-2019 (KLHK 2019)
DO (mg/L) 6.5+0.72 5.0+ 0.5° 6.3+0.70° APHA 2012, Section 4500 - OG (APHA 2017)
NOs-N (mg/L) 1.1+0.2% 0.7+0.1° 2.8+0.55? APHA 2017, Section 4500 - NO3B (APHA 2017)
NO2-N (mg/L) 0.7+0.1° 0.4+0.1° 0.01+0.0° SNI 06-6989.9-2004 (KLHK 2019)
NHs (mg/L) 0.01+0.01° 0.06 £ 0.022 0.08+0.012 SNI 06-6989.30-2005 (KLHK 2019)
PO4-P (mg/L) 0.06 +0.03® 0.21 +£0.09? 0.03 +0.09° APHA 2012, Section 4500 P-D (APHA 2017)
SO,4 (mg/L) 089.0 +114.2®® 1114.6 + 278.5* 92.3+21.1° SNI 06-6989.22-2004 (KLHK 2019)

Note: different superscript letters indicate significance for variables in different salinity zones; a = 0.05. In House Method: sample
testing procedure following standard methods printed on the equipment; BBTKLPP: Balai Besar Teknik Kesehatan Lingkungan dan

Pengendalian Penyakit

Table 3. Species densities and important value indices (IV1s) of different salinity zones of the coastal area of East Lampung, Indonesia

Salinity zones Species Seedling Sapling Tree Number of
N ha' VI N ha™ VI N ha' VI species

Oligohaline Am 78 170.8 1400 228.2 811 269.5 3
11 29.2 365 718 11 18.2
- - - - 22 12.2

Mesohaline Am - - 2967 261.0 778 300.0 2
- - 344 39.0 - -

Polyhaline Am 217 56.0 467 138.6 - - 3
1283 134.6 383 95.0 - -
Rm 17 9.4 167 66.4 - -

Note: Am = Avicennia marina; Rs = Rhizophora stylosa; Rm = Rhizophora mucronata, Ea = Excoecaria agallocha; IVI= important
value index; VI of seedling (%) = RD+RF; IV1 of sapling and tree (%) = RD+RF+RDom
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Table 4. Interspecific associations of dominant mangrove species in the coastal area of East Lampung, Indonesia

Salinity zones Species pairs x%,[ ,r 05 Association Correlation Ochiai Index (OI)
Oligohaline A. marina-R. stylosa 0.141 3.841 No significant Negative 0.41
Mesohaline A. marina-R. stylosa 0.000 3.841 No significant Negative 0.58

A. marina-R. stylosa 0.141 3.841 No significant Negative 0.72
Polyhaline A. marina-R. mucronata 0.000 3.841 No significant Negative 0.52

R. stylosa-R. mucronata 1.524 3.841 No significant Positive 0.50

PCA analysis for edaphic factors and water quality

The results from the analysis of edaphic factors and
water quality are shown in Tables 1 and 2. Eighteen
variables of edaphic factors were tested, including three
soil physical properties, five soil chemical properties, seven
macro- and microelements, and three other environmental
variables. Ten variables of water quality were tested,
including three physical variables, two chemical variables,
and five water ions. The results from the PCA based on the
zonation are visualized in biplots in Figure 2.

The oligohaline and mesohaline zones had similar
edaphic factors (Roiigohatine-mesohatine = 0.0415, p > 0.05) and
water quality (Roligohatine-mesohatine = 0.031, p > 0.05), while
the polyhaline tended to be different. The edaphic factors in
the oligohaline zone were significantly different from those
in the polyhaline zone (Roligohaline-polyhaline = 0.2651, p < 0.05;
Rmesohaline-polyhaline = 0748, p < 005) The Watel’ quallty |n
the oligohaline and mesohaline zones was also significantly
different from that in the polyhaline zone (Roligohaline-
polyohaline = 0.3457, p < 0.05; Rmesohaline-polyohaline = 0.6783,p <
0.05). Of the edaphic factors, organic C and Fe showed a
strong correlation in the oligohaline and mesohaline zones,
and Mg and CEC also showed a strong correlation in the
mesohaline zone. The soil temperature, bulk density,
particle density, soil pH, NOs-N, and NHs-N had a strong
intercorrelation in the polyhaline zone. The SOq
concentration, NOzN, and PO.P had an intercorrelation in
the mesohaline zone, while the salinity and NOs-N had an
intercorrelation in the polyhaline zone. In oligohaline and
mesohaline zones, poles and trees were dominant and
showed a strong correlation with mangrove nutrition. The
polyhaline zone is a habitat for young mangroves and
showed strong correlations with inorganic nitrogen and soil
physical properties.

The strong correlation for organic C in the mesohaline
and oligohaline zones reflects the fact that the total soil
organic carbon (SOC) increases along with the stand
growth of mangrove species (Alongi 2009). In the case of
Mg in the mesohaline zone, Alongi (2021) also stated that
Mg is present in seawater but is low in high-salinity
environments. The common forms of nitrogen are NH4+
and NOs- (Reef et al. 2010; Abbasi et al. 2017; Alongi
2021), which showed strong correlations in the polyhaline
zone, but the denitrification activity and N assimilation
decrease with an increase in seawater salinity (Shiau et al.
2017; Wang et al. 2018). Anthropogenic sources (such as
S04, NO2-N, and POs) in the mesohaline zone probably
originate from fertilizer waste from farming activities, fish
ponds, or industries upstream (as for Wu et al. 2017;

Maurya and Kumari 2021).

The results from the PCA of the edaphic factors showed
four principal components (PCs) with eigenvalues > 1.0
(Table 5), which explained 83.25% of the total data
variance, with PC values of 52.10%, 12.58%, 9.95%, and
8.61% for PC1, PC2, PC3, and PC4, respectively. The
principal components for the edaphic factors were: The soil
and surface temperature, which described the effect of
environmental temperatures on mangrove development
(PC1). The soil textures and calcium content represented
substrates dominated by mud with similar Ca
concentrations in the three mangrove zones (PC2). NH4-N
and NOs-N, which represented the inorganic nitrogen in the
zones (PC3). Magnesium, which describes the availability
of the main nutrients in the habitats (PC4).

The results from the PCA for the water quality showed
two PCs with eigenvalues > 1.0, which explained 74.47%
of the total data variance, with PC values of 58.80% and
15.67% for PC1 and PC2, respectively. The principal
components of the water quality were: The total suspended
solid (TSS) and turbidity or muddiness, which represented
nontoxic pollutants from suspended materials and nutrients
(PC1). The NOz-N and PO4-P concentrations, which
represented anthropogenic influences (PC2).

The edaphic factors and water quality from the loadings
influenced the adaptability and development of the
mangrove species. For instance, an increase in air
temperature every year influences changes in the mangrove
ecosystem, species composition, phenology, productivity,
and species distribution (Srivastava et al. 2015; Ward et al.
2016). The optimum rate of photosynthesis is reached at a
leaf surface temperature of 28-32°C, and it is terminated at
38-40°C (Gilman et al. 2008). Silt-loam soil mostly results
from sedimentation, and a high rate of sedimentation
decreases the mangrove density, reduces the oxygen supply
to the root, and reduces the growth rate (Van Santen et al.
2007; Sidik et al. 2016; Nordhaus et al. 2019). The forms
of inorganic nitrogen studied in this research were NH4-N
and NOs-N, which are growth-limiting factors for
mangroves (see, for example, Reef et al. 2010 and Alongi
2021), while Mg is not (Alongi 2021). In terms of the water
quality attributes, nontoxic pollutants disturb the
ecosystems when above their maximum thresholds (for
example, see Effendi 2003).

Habitat preferences of A. marina and Rhizophora spp.
Multiple regression analysis was performed to examine

the roles of edaphic factors and water quality regarding the

stand density of A. marina and Rhizophora spp., and
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multiple linear regression models were developed (Table
6).

The seedling density of A. marina seedlings was not
affected by edaphic factors but was positively affected by
nontoxic pollutants (R? = 0.619). The seedling density of
Rhizophora spp. was positively affected by the soil and
surface temperature, and inorganic N, but negatively
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-0.2

Terkty Mesohalin
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affected by a clay substrate and Ca (R? = 0.768), and
nontoxic pollutants (R? = 0.755). The sapling density of A.
marina was negatively affected by the inorganic N,
nutrients, and soil and surface temperature (R?> = 0.726),
but there was no effect on water quality, whereas the
sapling density of Rhizophora spp. was not affected by
specific factors of soil and water quality.

0.2 Polyhalin

PC2 (15.67%)

d ] DTO 0'2 0'4
PC1 (58.8%)

B

Figure 1. Principal component analysis (PCA) biplot of edaphic factors and water quality in the coastal area of East Lampung,
Indonesia. A. Biplot of edaphic factors; B. Biplot of water quality. (Abbreviations: Oligohalin: oligohaline, mesohaline: mesohaline,
polyhalin: polyhaline, Tekstur: texture, KTK: cation-exchange capacity, Suhu_udara: air temperature, Suhu_tnh: soil temperature, BD:
bulk density, Kekeruhan: dissolved oxygen, TSS: total suspended solid, salinitas: salinity level)

Table 5. Principal component loading values (varimax rotation) of edaphic factors and water quality in the coastal area of East

Lampung, Indonesia

Edaphic factors

Water quality

Variables PC1 PC2 PC3 PC4 Variables PC1 PC2
NHs-N 0.627* TSS 0.633*
NOs-N 0.591* Turbidity 0.559*
pH 0.314 0.174 -0.101 Salinity 0.161 0.401
Organic C -0.226 -0.257 0.221 NOs-N 0.478 0.139
CEC -0.294 0.367 NO2-N -0.612*
Ca 0.570* -0.158 -0.112 POs-P 0.147 -0.517*
Mg 0.124 0.145 0.592* SOq4 -0.412
Fe -0.132 -0.325 -0.157
Texture 0.111 -0.609* -0.128 -0.318
BD 0.145 0.142 0.110 -0.260
PD 0.173 -0.477
Soil temperature 0.523* -0.273 0.258
Surface temperature 0.646* -0.236 0.187
Eigenvalue 2.602 1.278 1.137 1.058 Eigenvalue 2.029 1.047
Variance (%) 52.1 12.58 9.95 8.61 Variance (%) 58.8 15.67
Cumulative (%) 52.1 64.68 74.63 83.25 Cumulative (%) 58.8 74.47

Kaiser-Meyer-Olkin (KMO) = 0.718
Bartlett Sphericity Test < 0.05

Kaiser-Meyer-Olkin (KMO) = 0.748
Bartlett Sphericity Test < 0.05

Note: *loading values +0.5 indicate variables are significantly correlated
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Table 6. Multiple linear regression model of edaphic factors and water quality for stand density of A. marina and Rhizophora spp. in the

coastal area of East Lampung, Indonesia

Species Ziﬁigtlgg Response Model Sig. R? Egjzj RMSE
A. marina Edaphic Seedling density  0.93 + 0.22[TEMPERATURE] 0.0122 0.253 0.219 1.009
Water quality (N ha'?) 0.77 + 0.43[NONTOXIC POLLUTANS]  0.0001 0.619 0.595 0.719
Edaphic Sapling density 2.58 - 0.65[NITRO] - 0.35[M(] - 0.0000 0.726 0.685 0.770
(N ha'l) 0.31[TEMPERATURE]
Water quality 2.39 - 0.45[NONTOXIC POLLUTANS] 0.0092 0.354 0.313 1.279
Rhizophora Edaphic Seedling density ~ 0.78 + 0.38[TEMPERATURE] - 0.0000 0.768 0.734 0.670
spp. (N ha'l) 0.35[SUBSTRAT-CA] + 0.27[NITRO]
Water quality 1.05 + 0.60[NONTOXIC POLLUTANS]  0.0000 0.755 0.739 0.719
Edaphic Sapling density 1.08 + 0.96[Mg] 0.0001 0.490 0.467 1.062
Water quality (N ha'l) 1.44 + 0.60[ANTRO] 0.0837 0.175 0.124 1421

Note: TEMPERATURE: soil and surface temperature; SUBSTRAT-CA: mud texture and Ca; NITRO: inorganic nitrogen; Mg:
magnesium; NONTOXIC POLLUTANS: total suspended soil and dissolved oxygen; ANTRO: anthropogenic factors. Level of
significance a: 0.05, except for the water quality and sapling density regression, for which the level of significance o= 0.1

Based on the results for the effect of the temperature of
the environment, (Hastuti et al. 2012; Akaji et al. 2019)
stated that the photosynthetic rate of Rhizophora sp.
increased at 25°C and decreased at 30°C, while the
photosynthesis of A. marina was inhibited at 37°C.
Magnesium is needed in photosynthesis, and it has been
found to be deposited in the stems and branches of R.
stylosa, and in the leaves of A. marina (Alongi 2021). In
addition to the nutrients, it is reported that the maximum
stem growth of R. apiculata is observed with a supply of N
> 10 Nm2d? and P = 6-8 mmol Pm=d™?, whereas A.
marina at N = 10 mmol Nm2d* shows no specific trend of
P requirements (Alongi 2011). Based on their spatial
distribution and temporal patterns, A. marina can be
planted in the lower elevation or forepart of the mangrove
zone (Aung et al. 2011; Ren et al. 2011), whereas R.
mucronata is better to be planted in the higher elevation or
adjacent to the mainland (Basyuni et al. 2018) in the
restoration programs. Regarding the stand density, Asaeda
et al. (2016) mentioned that the seedling and sapling
density was positively correlated with the density of the
mother trees of R. stylosa and A. marina. However,
biological or reproductive success is due to the production
of flowers, fruits, and viable seeds (Primavera and Esteban
2008; Jorge et al. 2015) at 3-5 years for most mangroves, 5
years for A. marina, and 3-5 years for R. mangle (Clarke
1992; Vozzo 2002; Primavera and Esteban 2008), or the
sapling phase (Clarke 1992).

In conclusion, research into the habitat preferences of
mangrove species by simultaneously using edaphic factors
and water quality in Indonesia has not yet developed.
Selecting species incompatible with habitats can promote
failure in restoration programs. Rhizophora spp. and A.
marina, the two most famous mangroves for restoration
programs, have no interspecific associations; i.e., they tend
to have negative relationships. The edaphic factors that
significantly affect mangroves are the environmental
temperature, clay content and Ca, inorganic N, and Mg,
while the water quality factors are nontoxic pollutants and
anthropogenic factors. At the seedling and sapling stages,

A. marina and Rhizophora spp. prefer distinct habitats for
stand development. Combining A. marina and Rhizophora
spp. in restoration programs must be avoided. Future
research should perform sequential data collection to obtain
the spatiotemporal trends of the edaphic factors and water
quality.

ACKNOWLEDGEMENTS

This research was financially supported by the Grant
"Penelitian Terapan Unggulan Perguruan Tinggi" in 2020.
The authors would like to thank the Indonesian Ministry of
Research,  Technology and  Higher  Education
(RISTEKDIKTI) and Universitas Gadjah  Mada,
Yogyakarta, Indonesia, for the funding.

REFERENCES

Abbasi HN, Vasileva V, Lu X. 2017. The influence of the ratio of nitrate
to ammonium nitrogen on nitrogen removal in the economical growth
of vegetation in hybrid constructed wetlands. Environments 4 (1): 24.
DOI: 10.3390/environments4010024.

Abdel-Salam A. 2008. Interpreting multiple regression: A short overview.
Virginia Tech 38.

Acal C, Aguilera AM, Escabias M. 2020. New modeling approaches
based on varimax rotation of functional principal components.
Mathematics 8 (11): 2085. DOI: 10.3390/math8112085.

Akaji Y, Inoue T, Tomimatsu H, Kawanishi A. 2019. Photosynthesis,
respiration, and growth patterns of Rhizophora stylosa seedlings in
relation to growth temperature. Trees - Struct Funct 33 (4): 1041-
1049. DOI: 10.1007/500468-019-01840-7.

Alongi DM. 2011. Early growth responses of mangroves to different rates
of nitrogen and phosphorus supply. J Exp Mar Bio Ecol 397 (2): 85-
93. DOI: 10.1016/j.jembe.2010.11.021.

Alongi DM. 2021. Macro-and micronutrient cycling and crucial linkages
to geochemical processes in mangrove ecosystems. J Mar Sci Eng 9
(5): 456. DOI: 10.3390/jmse9050456.

Alongi DM. 2009. The Energetics of Mangrove Forests.

Al-Shammary AAG, Kouzani AZ, Kaynak A, Khoo SY, Norton M, Gates
W. 2018. Soil bulk density estimation methods: a review. Pedosphere
28:581-596. DOI: 10.1016/S1002-0160(18)60034-7.

APHA. 2017. Standard methods for the examination of water and
wastewater. American Public Health Association, US.


https://doi.org/10.3390/environments4010024
https://doi.org/10.3390/math8112085
https://doi.org/10.1016/j.jembe.2010.11.021
https://doi.org/10.3390/jmse9050456
https://doi.org/10.1016/S1002-0160(18)60034-7

MARPAUNG et al. — Mangrove species and their preferences

Asaeda T, Barnuevo A, Sanjaya K, Fortes MD, Kanesaka Y, Wolanski E.
2016. Mangrove plantation over a limestone reef - Good for the
ecology? Estuar Coast Shelf Sci 173: 57-64. DOI:
10.1016/j.ecss.2016.02.017.

Aung TT,Than MM, Katsuhiro O, Yukiro M. 2011. Assessing the status
of three mangrove species restored by the local community in the
cyclone-affected area of the Ayeyarwady Delta, Myanmar. Wetl Ecol
Manag 19 (2): 195-208. DOI: 10.1007/s11273-011-9211-9.

Barbier EB, Hacker SD, Kennedy C, Koch EW, Stier AC, Silliman BR.
2011. The value of estuarine and coastal ecosystem services. Ecol
Monogr 81 (2): 169-193. DOI: 10.1890/10-1510.1.

Barik J, Mukhopadhyay A, Ghosh T, Mukhopadhyay SK, Chowdhury
SM, Hazra S. 2018. Mangrove species distribution and water salinity:
an indicator species approach to Sundarban. J Coast Conserv 22 (2):
361-368. DOI: 10.1007/s11852-017-0584-7.

Basyuni M, Gultom K, Fitri A, Susetya EA, Wati R, Slamet B,
Sulistiyono N, Yusriani E, Balke T, Bunting P. 2018. Diversity and
habitat characteristics of macrozoobenthos in the mangrove forest of
Lubuk Kertang Village, North Sumatra, Indonesia. Biodiversitas 19
(1): 311-317. DOI: 10.13057/biodiv/d190142.

Basyuni M, Hayullah A, Hamka M, Putri LA, Baba S. 2019. Growth of
salt-secretor and non-salt secretor mangrove seedlings with varying
salinity and their relations to habitat zonation. IOP Conf Ser: Earth
Environ Sci 236 (1). DOI: 10.1088/1755-1315/236/1/012050.

Budiadi B. 2020. Pendugaan Simpanan Karbon pada Kawasan
Rehabilitasi Pesisir Selatan Pulau Jawa. Jurnal llmu Kehutanan 14:
71-83. DOI: 10.22146/jik.57473. [Indonesian]

Charrua AB, Bandeira SO, Catarino S, Cabral P, Romeiras MM. 2020.
Assessment of the vulnerability of coastal mangrove ecosystems in
Mozambique. Ocean Coast Manag 189: 105145. DOL:
10.1016/j.ocecoaman.2020.105145.

Cheng H, Inyang A, Li C-D, Fei J, Zhou Y-W, Wang Y-S. 2020. Salt
tolerance and exclusion in the mangrove plant Avicennia marina in
relation to root apoplastic barriers. Ecotoxicology 29 (6): 676-683.
DOI: 10.1007/s10646-020-02203-6.

Cintron G, Schaeffer Novelli Y. 1984. Methods for studying mangrove
structure. Monogr Oceanogr Method 8: 91-113.

Clarke PJ. 1992. Predispersal mortality and fecundity in the grey
mangrove (Avicennia marina) in southeastern Australia. Aust J Ecol
17 (2): 161-168. DOI: 10.1111/j.1442-9993.1992.th00794.x.

Cooray PLIGM, Jayawardana DT, Gunathilake BM, Pupulewatte PGH.
2021. Characteristics of tropical mangrove soils and relationships
with forest structural attributes in the northern coast of Sri Lanka. Reg
Stud Mar Sci 44: 101741. DOI: 10.1016/j.rsma.2021.101741.

Das L, Patel R, Salvi H, Kamboj RD. 2019. Assessment of natural
regeneration of mangrove with reference to edaphic factors and water
in Southern Gulf of Kachchh, Gujarat, India. Heliyon 5: €02250. DOI:
10.1016/j.heliyon.2019.e02250.

Dewi D, Pratomo A, Koenawan CJ. 2014. Struktur Komunitas
Makrozoobenthos Pada Sedimen Mangrove di Pulau Los Kelurahan
Senggarang Kota Tanjungpinang. [Skripsi]. Universitas Maritim Raja
Ali Haji, Tanjungpinang. [Indonesian]

Dimara PA, Purwanto Ris H, Sunartab S. 2021. The spatial distribution of
sago palm landscape Sentani watershed in Jayapura District, Papua
Province, Indonesia. Biodiversitas 22 (9): 3811-3820. DOI:
10.13057/biodiv/d220926.

Duan D, Lan W, Chen F, Lei P, Zhang H, Ma J, Wei Y, Pan K. 2020.
Neutral monosaccharides and their relationship to metal
contamination in mangrove sediments. Chemosphere 251: 126368.
DOI: 10.1016/j.chemosphere.2020.126368.

Eddy S, Milantara N, Sasmito SD, Kajita T, Basyuni M. 2021.
Anthropogenic drivers of mangrove loss and associated carbon
emissions in South Sumatra, Indonesia. Forests 12 (2). DOI:
10.3390/f12020187.

Effendi H. 2003. Telaah kualitas Air bagi Pengelolaan Sumber Daya dan
Lingkungan Perairan. Penerbit Kanisius, Yogyakarta. [Indonesian]
Eviati S, Sulaeman M. 2009. Analisis Kimia Tanah, Tanaman, Air, dan

Pupuk. Balai Penelitian Tanah, Bogor. [Indonesian]

Faridah-Hanum I, Yusoff FM, Fitrianto A, Ainuddin NA, Gandaseca S,
Zaiton S, Norizah K, Nurhidayu S, Roslan MK, Hakeem KR, et al.
2019. Development of a comprehensive mangrove quality index
(MQI) in Matang Mangrove: Assessing mangrove ecosystem health.
Ecol Indic 102 (February): 103-117. DOl:
10.1016/j.ecolind.2019.02.030.

Gholizadeh MH, Melesse AM, Reddi L. 2016. Water quality assessment
and apportionment of pollution sources using APCS-MLR and PMF

4633

receptor modeling techniques in three major rivers of South Florida.
Sci Tot Environ 566: 1552-1567. DOLI:
10.1016/j.scitotenv.2016.06.046.

Gilman EL, Ellison J, Duke NC, Field C. 2008. Threats to mangroves
from climate change and adaptation options: A review. Aquat Bot. 89
(2): 237-250. DOI: 10.1016/j.aquabot.2007.12.009.

Goldberg L, Lagomasino D, Thomas N, Fatoyinbo T. 2020. Global
declines in human-driven mangrove loss. Glob Chang Biol. 26 (10):
5844-5855. DOI: 10.1111/gch.15275.

Hamilton SE, Casey D. 2016. Creation of a high spatio-temporal
resolution global database of continuous mangrove forest cover for
the 21st century (CGMFC-21). Glob Ecol Biogeogr 25 (6): 729-738.
DOI: 10.1111/geb.12449.

Hammer @, Harper DAT, Ryan PD. 2001. PAST: paleontological
statistics software package for education and data analysis. Palaeontol
Electron 4 (9).

Hastuti ED, Anggoro S, Pribadi R. 2012. The effects of environmental
factors on the dynamic growth pattern of mangrove Avicennia
marina. J Coast Dev 16 (1): 57-61.

Hebbali A. 2020. olsrr: Tools for building OLS regression models. R
Packag version 05. 3.

Heriyanto NM, Suharti S. 2019. Kualitas perairan, kesuburan tanah dan
kandungan logam berat di hutan mangrove Nusa Penida, Bali. J
Penelit Hutan dan Konserv Alam 16 (1): 25-33. DOI:
10.20886/jphka.2019.16.1.25-33. [Indonesian]

Hilmi E, Sari LK, Cahyo TRINUR, Mahdiana A, Samudra SR. 2021. The
affinity of mangrove species using Association and Cluster Index in
North Coast of Jakarta and Segara Anakan of Cilacap, Indonesia.
Biodiversitas 22 (7): 2907-2918. DOI: 10.13057/biodiv/d220743.

Hossain MD, Nuruddin AA. 2016. Soil and mangrove: a review. J
Environ Sci Technol 9 (2): 198-207. DOI: 10.3923/jest.2016.198.207.

llman M, Dargusch P, Dart P. 2016. A historical analysis of the drivers of
loss and degradation of Indonesia’s mangroves. Land Use Pol 54:
448-459. DOI: 10.1016/j.landusepol.2016.03.010.

Istomo, Kusmana C, Dwiyanti FG, Malik D. 2020. Comparison of several
methods of stands inventory prior to logging towards the yield
volume of mangrove forest in Bintuni Bay, West Papua Province,
Indonesia. Biodiversitas 21 (4): 1438-1447. DOI:
10.13057/biodiv/d210423.

Jalil A, Malik A, Nurdin N, Saru A, Yunus I. 2020. Assessment of
seawater level, inundation duration and substrate elevation for
mangrove rehabilitation program in the Spermonde Archipelago
South Sulawesi Indonesia. Intl J Conserv Sci 11 (4).

Jayatissa LP. 2006. Guidance for mangrove replanting: 1 . Interspecific
variations in responses of mangrove saplings to two contrasting
salinities. Ruhuna J Sci 1 (1): 47-60. DOI: 10.4038/rjs.v1i0.66.

Jorge A, Loureiro J, Castro S. 2015. Flower biology and breeding system
of Salvia sclareoides Brot.(Lamiaceae). Plant Syst Evol 301 (5):
1485-1497. DOI: 10.1007/s00606-014-1169-7.

Kanai H, Tajima M, Sakai A. 2014. Effects of salinity on the growth and
survival of the seedlings of mangrove, Rhizophora stylosa. Intl J Plant
Soil Sci 3 (7): 879-893. DOI: 10.9734/1JPSS/2014/9812.

Kargas G, Londra P, Sgoubopoulou A. 2020. Comparison of soil EC
values from methods based on 1: 1 and 1: 5 soil to water ratios and
ECe from saturated paste extract based method. Water 12 (4): 1010.
DOI: 10.3390/w12041010.

Kauffman JB, Donato DC. 2012. Protocols for the measurement,
monitoring and reporting of structure, biomass and carbon stocks in
mangrove forests. Center of International Forestry Research.

Kiruba-Sankar R, Krishnan P, Dam Roy S, Raymond Jani Angel J,
Goutham-Bharathi MP, Lohith Kumar K, Ragavan P, Kaliyamoorthy
M, Muruganandam R, Rajakumari S. 2018. Structural complexity and
tree species composition of mangrove forests of the Andaman Islands,
India. J Coast Conserv 22 (2): 217-234. DOI: 10.1007/s11852-017-
0588-3.

KLHK. 2019. Katalog SNI Metode Kualitas Lingkungan. Ministry of
Environment and Forestry, Jakarta. [Indonesian]

Kodikara KAS, Mukherjee N, Jayatissa LP, Dahdouh-Guebas F, Koedam
N. 2017. Have mangrove restoration projects worked? An in-depth
study in Sri Lanka. Restor Ecol 25 (5): 705-716. DOI:
10.1111/rec.12492.

Kumawat C, Yadav B, Verma AK, Meena RK, Pawar R, Kharia SK,
Yadav RK, Bajiya R, Pawar A, Sunil BH. 2017. Recent developments
in multi-nutrient extractants used in soil analysis. Intl J Curr
Microbiol App Sci 6: 2578-2584. DOL:
10.20546/ijcmas.2017.605.290.


https://doi.org/10.1007/s11273-011-9211-9
https://doi.org/10.1890/10-1510.1
https://doi.org/10.1007/s11852-017-0584-7
https://doi.org/10.13057/biodiv/d190142
https://doi.org/10.1088/1755-1315/236/1/012050
https://doi.org/10.22146/jik.57473
https://doi.org/10.1016/j.ocecoaman.2020.105145
https://doi.org/10.1016/j.rsma.2021.101741
https://doi.org/10.1016/j.chemosphere.2020.126368
https://doi.org/10.1016/j.scitotenv.2016.06.046
https://doi.org/10.1111/gcb.15275
https://doi.org/10.1111/geb.12449
https://doi.org/10.3923/jest.2016.198.207
https://doi.org/10.1016/j.landusepol.2016.03.010
https://doi.org/10.4038/rjs.v1i0.66
https://doi.org/10.1007/s00606-014-1169-7
https://doi.org/10.9734/IJPSS/2014/9812
https://doi.org/10.3390/w12041010
https://doi.org/10.1007/s11852-017-0588-3
https://doi.org/10.1007/s11852-017-0588-3
https://doi.org/10.20546/ijcmas.2017.605.290

4634

Lee SY, Hamilton S, Barbier EB, Primavera J, Lewis RR. 2019. Better
restoration policies are needed to conserve mangrove ecosystems. Nat
Ecol Evol 3 (6): 870-872. DOI: 10.1038/541559-019-0861-y.

Lewis RR. 2009. Chapter 28 - Methods and Criteria for Successful
Mangrove Forest Restoration. First edit. Elsevier. DOI:
10.1016/B978-0-444-53103-2.00028-4.

Li Y, Xu H, Chen D, Luo T, Mo J, Luo W, Chen H, Jiang Z. 2008.
Division of ecological species groups and functional groups based on
interspecific association - a case study of the tree layer in the tropical
lowland rainforest of Jianfenling in Hainan Island, China. Front For
China 3 (4): 407-415. DOI: 10.1007/s11461-008-0049-0.

Liu L, Wang X, Wen Q, Jia Q, Liu Q. 2017. Interspecific associations of
plant populations in rare earth mining wasteland in southern China.
Intl Biodeterior Biodegrad 118: 82-88. DOI:
10.1016/j.ibiod.2017.01.011.

Ludwig JA, Reyolds JF. 1988. Statistical Ecology: A Primer on Methods
and Computing. John Wiley & Sons, Inc.

Matatula J, Poedjirahajoe E, Pudyatmoko S, Sadono R. 2019. Spatial
distribution of salinity, mud thickness and slope along mangrove
ecosystem of the coast of Kupang District, east nusa Tenggara,
Indonesia. Biodiversitas 20 (6): 1624-1632. DOI:
10.13057/biodiv/d200619.

Maulidar R, Samosir AM. 2016. The relationship between shrimp
production and mangrove condition in Cimanuk Delta, Indramayu,
West Java. Bonorowo Wetl 6 (1): 59-68. DOI:
10.13057/bonorowo/w060105.

Maurya P, Kumari R. 2021. Spatiotemporal variation of the nutrients and
heavy metals in mangroves using multivariate statistical analysis,
Gulf of Kachchh (India). Environ Res 195 (January): 110803. DOI:
10.1016/j.envres.2021.110803.

Noor YR, Khazali M, Suryadiputra INN. 1999. Panduan Pengenalan
Mangrove di Indonesia. PHKA/WI-IP, Bogor. [Indonesian]

Nordhaus |, Toben M, Fauziyah A. 2019. Impact of deforestation on
mangrove tree diversity, biomass and community dynamics in the
Segara Anakan lagoon, Java, Indonesia: A ten-year perspective.
Estuar Coast Shelf Sci 227: 106300. DOI:
10.1016/j.ecss.2019.106300.

Nusantara MA, Hutomo M, Purnama H. 2015. Evaluation and planning of
mangrove restoration programs in Sedari Village of Kerawang
District, West Java: Contribution of PHE-ONWJ Coastal
Development Programs. Proc Environ Sci 23: 207-214. DOI:
10.1016/j.proenv.2015.01.032.
https://www.sciencedirect.com/science/article/pii/S187802961500033
X.

Oh RRY, Friess DA, Brown BM. 2017. The role of surface elevation in
the rehabilitation of abandoned aquaculture ponds to mangrove
forests, Sulawesi, Indonesia. Ecol Eng 100: 325-334. DOI:
10.1016/j.ecoleng.2016.12.021.

Pan Y, Chen J, Zhou H, Cheung SG, Tam NFY. 2019. Degradation of
BDE-47 in mangrove sediments under alternating anaerobic-aerobic
conditions. J Hazard Mater 378: 120709. DOl:
10.1016/j.jhazmat.2019.05.102.

Peng Y, Diao J, Zheng M, Guan D, Zhang R, Chen G, Lee SY. 2016.
Early growth adaptability of four mangrove species under the canopy
of an introduced mangrove plantation: Implications for restoration.
For Ecol Manag 373: 179-188. DOI: 10.1016/j.foreco.2016.04.044.

Peres-Neto PR, Jackson DA, Somers KM. 2003. Giving meaningful
interpretation to ordination axes: assessing loading significance in
principal component analysis. Ecology 84 (9): 2347-2363. DOI:
10.1890/00-0634.

Pham LTH, Vo TQ, Dang TD, Nguyen UTN. 2019. Monitoring mangrove
association changes in the Can Gio biosphere reserve and
implications for management. Remote Sens Appl Soc Environ 13:
298-305. DOI: 10.1016/j.rsase.2018.11.009.

Poedjirahajoe E, Marsono D, Wardhani FK. 2017. Penggunaan Principal
Component Analysis dalam distribusi spasial vegetasi mangrove di
pantai utara Pemalang. Jurnal llmu Kehutanan 11: 29. DOI:
10.22146/jik.24885. [Indonesian]

Primavera JH, Esteban JMA. 2008. A review of mangrove rehabilitation
in the Philippines: successes, failures and future prospects. Wetl Ecol
Manag 16 (5): 345-358. DOI: 10.1007/s11273-008-9101-y.

Putri L, Yulianda F, Wardiatno Y. 2015. Pola zonasi mangrove dan
asosiasi makrozoobenthos di wilayah Pantai Indah Kapuk, Jakarta.
Bonorowo Wetl 5 (1): 29-43. DOI: 10.13057/bonorowo/w050104
[Indonesian]

BIODIVERSITAS 23 (9): 4626-4635, September 2022

Rani V, Sreelekshmi S, Asha C V, Nandan SB. 2018. Forest structure and
community composition of Cochin mangroves, south-west coast of
India. Proc Natl Acad Sci India Sect B Biol Sci 88 (1): 111-119. DOI:
10.1007/s40011-016-0738-7.

Reef R, Feller IC, Lovelock CE. 2010. Nutrition of mangroves. Tree
Physiol 30 (9): 1148-1160. DOI: 10.1093/treephys/tpq048.

Ren H, Wu X, Ning T, Huang G, Wang J, Jian S, Lu H. 2011. Wetland
changes and mangrove restoration planning in Shenzhen Bay,
Southern  China. Lands Ecol Eng7 (2): 241-250. DOIl:
10.1007/511355-010-0126-z.

Rhyma PP, Norizah K, Hamdan O, Faridah-Hanum I, Zulfa AW. 2020.
Integration of normalised different vegetation index and Soil-
Adjusted Vegetation Index for mangrove vegetation delineation.
Remote Sens Appl Soc Environ 17: 100280. DOI:
10.1016/j.rsase.2019.100280.

Richards DR, Friess DA. 2016. Rates and drivers of mangrove
deforestation in Southeast Asia, 2000-2012. Proc Natl Acad Sci U S
A 113 (2): 344-349. DOI: 10.1073/pnas.1510272113.

Sari N, Patria MP, Soesilo TEB, Tejakusuma IG. 2019. The structure of
mangrove communities in response to water quality in Jakarta Bay,
Indonesia. Biodiversitas 20 ): 1873-1879. DOI:
10.13057/biodiv/d200712.

Shiau Y-J, Lee S-C, Chen T-H, Tian G, Chiu C-Y. 2017. Water salinity
effects on growth and nitrogen assimilation rate of mangrove
(Kandelia candel) seedlings. Aquat Bot. 137: 50-55. DOI:
10.1016/j.aquabot.2016.11.008.

Sidik F, Neil D, Lovelock CE. 2016. Effect of high sedimentation rates on
surface sediment dynamics and mangrove growth in the Porong
River, Indonesia. Mar Pollut Bull 107 (1): 355-363. DOI:
10.1016/j.marpolbul.2016.02.048.

Somerfield PJ, Clarke KR, Gorley RN. 2021. A generalised analysis of
similarities (ANOSIM) statistic for designs with ordered factors.
Austral Ecol 46 (6): 901-910. DOI: 10.1111/aec.13083.

Sreelekshmi S, Nandan SB, Sreejith VK, Harikrishnan M. 2020. Floristic
structure, diversity and edaphic attributes of mangroves of the
Andaman Islands, India. Thalass An Intl J Mar Sci 36 (1): 47-60.
DOI: 10.1007/s41208-020-00191-2.

Srivastava PK, Mehta A, Gupta M, Singh SK, Islam T. 2015. Assessing
impact of climate change on Mundra mangrove forest ecosystem,
Gulf of Kutch, western coast of India: a synergistic evaluation using
remote sensing. Theor Appl Climatol 120 (3-4): 685-700. DOI:
10.1007/s00704-014-1206-z.

Tamin NM, Zakaria R, Hashim R, Yin Y. 2011. Establishment of
Avicennia marina mangroves on accreting coastline at Sungai Haji
Dorani, Selangor, Malaysia. Estuar Coast Shelf Sci. 94 (4): 334-342.
DOI: 10.1016/j.ecss.2011.07.009.

Triest L, Van der Stocken T, Allela Akinyi A, Sierens T, Kairo J, Koedam
N. 2020. Channel network structure determines genetic connectivity
of landward-seaward Avicennia marina populations in a tropical bay.
Ecol Evol 10 (21): 12059-12075. DOI: 10.1002/ece3.6829.

Ukpong IE. 2000. Ecological classification of Nigerian mangroves using
soil nutrient gradient analysis. Wetl Ecol Manag 8: 263-272. DOI:
10.1023/A:1008452923256.

Van Santen P, Augustinus PGEF, Janssen-Stelder BM, Quartel S, Tri NH.
2007. Sedimentation in an estuarine mangrove system. J Asian Earth
Sci 29 (4): 566-575. DOI: 10.1016/j.jseaes.2006.05.011.

Vozzo JA. 2002. Tropical Tree Seed Manual. US Department of
Agriculture, Forest Service.

Wang G, Yu C, Singh M, Guan D, Xiong Y, Zheng R, Xiao R. 2021.
Community structure and ecosystem carbon stock dynamics along a
chronosequence of mangrove plantations in China. Plant Soil 464 (1):
605-620. DOI: 10.1007/s11104-021-04973-2.

Wang H, Gilbert JA, Zhu Y, Yang X. 2018. Salinity is a key factor driving
the nitrogen cycling in the mangrove sediment. Sci Total Environ.
631 (632): 1342-1349. DOI: 10.1016/j.scitotenv.2018.03.102.

Wang W, Li X, Wang M. 2019. Propagule dispersal determines mangrove
zonation at intertidal and estuarine scales. Forests 10 (3): 245. DOI:
10.3390/f10030245.

Ward RD, Friess DA, Day RH, Mackenzie RA. 2016. Impacts of climate
change on mangrove ecosystems: a region by region overview.
Ecosyst Heal Sustain 2 (4): e01211. DOI: 10.1002/ehs2.1211.

Wickham H. 2016. ggplot2: Elegant Graphics for Data Analysis. Springer.
DOI: 10.1007/978-3-319-24277-4.

Williams B, Onsman A, Brown T. 2010. Exploratory factor analysis: A
five-step guide for novices. Australas J Paramed 8 (3): 990399. DOI:
10.33151/ajp.8.3.93.


https://doi.org/10.1038/s41559-019-0861-y
https://doi.org/10.1007/s11461-008-0049-0
https://doi.org/10.1016/j.ibiod.2017.01.011
https://doi.org/10.1016/j.ecss.2019.106300
https://doi.org/10.1016/j.ecoleng.2016.12.021
https://doi.org/10.1016/j.jhazmat.2019.05.102
https://doi.org/10.1890/00-0634
https://doi.org/10.22146/jik.24885
https://doi.org/10.1007/s11273-008-9101-y
https://doi.org/10.1007/s40011-016-0738-7
https://doi.org/10.1093/treephys/tpq048
https://doi.org/10.1007/s11355-010-0126-z
https://doi.org/10.1016/j.rsase.2019.100280
https://doi.org/10.1111/aec.13083
https://doi.org/10.1007/s41208-020-00191-2
https://doi.org/10.1002/ece3.6829
https://doi.org/10.1023/A:1008452923256
https://doi.org/10.1007/s11104-021-04973-2
https://doi.org/10.3390/f10030245
https://doi.org/10.1002/ehs2.1211
https://doi.org/10.1007/978-3-319-24277-4

MARPAUNG et al. — Mangrove species and their preferences

Win S, Towprayoon S, Chidthaisong A. 2019. Adaptation of mangrove
trees to different salinity areas in the Ayeyarwaddy Delta Coastal
Zone, Myanmar. Estuar Coast Shelf Sci 228: 106389. DOI:
10.1016/j.ecss.2019.106389.

Wodehouse DCJ, Rayment MB. 2019. Mangrove area and propagule
number planting targets produce sub-optimal rehabilitation and
afforestation outcomes. Estuar Coast Shelf Sci 222: 91-102. DOI:
10.1016/j.ecss.2019.04.003.

Wu M, Wang Youshao, Dong J, Sun F, Wang Yutu, Hong Y. 2017.
Spatial assessment of water quality using chemometrics in the Pearl

4635

River Estuary, China. Front Earth Sci 11 (1): 114-126. DOI:
10.1007/511707-016-0585-0.

Yin Y, Yan Z. 2020. Variations of soil bacterial diversity and metabolic
function with tidal flat elevation gradient in an artificial mangrove
wetland. Sci. Tot Environ 718: 137385. DOI:
10.1016/j.scitotenv.2020.137385.

Yuliasamaya, Darmawan A, Hilmanto R. 2014. Perubahan tutupan hutan
mangrove di pesisir Kabupaten Lampung Timur. J Sylva Lestari 2
(3): 111-124. DOI: 10.23960/js132111-124. [Indonesian]


https://doi.org/10.23960/jsl32111-124

