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Abstract

Mangrove is known as a unique and complex ecosystem, located in the intertidal zone vulnerable to 
anthropogenic pressures. In this study, we analyzed the floristic composition and relationship between 
species density and soil properties of mangrove forests in Teluk Adang Nature Reserve (TANR), East 
Kalimantan, Indonesia. Data were collected by establishing 6 transects placed perpendicular to the sea. 
The results showed that there were 14 species of mangroves in TANR. The current remaining stand 
has not been disturbed by human intervention. Rhizophora apiculata dominated all growth strata 
(seedlings, saplings, and trees) with the Important Value Index (IVI) of 98.22%; 127.73%, 144.03%, 
respectively. Ecologically, the density and distribution of Rhizophora apiculata correlated with soil 
texture conditions such as silt and clay. The tree density of mangroves in TANR was classified as low 
with an average of 606.67±147.230 ind ha-1. The average values of diameter, height, and basal area were 
18.16±2.119 cm; 12.24±2.667 m; 42.56±2.255 m ha-1, respectively. The Margalef species richness index 
and Shannon Wienner diversity index in TANR were in the low-to-moderate category. To improve the 
condition of the disturbed mangrove forests, it should be immediately restored by considering the result 
of the analysis of the current composition and structure of mangrove vegetation.
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Introduction

Mangrove forests consist of plant communities 
tolerant of salinity and tides [1-3]. As the largest 
archipelagic country in the world, mangrove forests 
are widely distributed across Indonesia. Giri et al. [4] 
reported that Indonesia has around 3.1 million ha of 
mangrove forests or equivalent to 23% of the total area 
of mangrove forests in the world. Important distribution 
areas of mangroves in Indonesia are Kalimantan 
(Indonesian Borneo), Sumatra, and Papua [2]. To 
date, a total of 45 species of true mangroves have 
been identified from various regions in Indonesia [5]. 
Unfortunately, many areas of mangrove forests in this 
country are under pressure due to logging, conversion 
to fish ponds, and settlements [2, 6], resulting in a 
massive decline.

Teluk Adang Nature Reserve (TANR) is one of the 
important mangrove distribution areas on the coast 
of East Kalimantan. Uniquely, mangroves located 
in TANR are surrounded by several types of ecosystems 
such as swamp forests, heat forests, and tropical lowland 
forests. The mangrove forests in TANR are also an 
important habitat for various species of protected 
wildlife, such as estuarine crocodiles (Crocodylus 
porosus) and proboscis monkeys (Nasalis larvatus) 
which are endemic to Borneo Island [7]. Like other 
Indonesia’s mangrove forests, mangroves in TANR also 
experienced a decline in quality because of considerable 
anthropogenic pressures. Firman et al. [8] reported 
that threats to mangrove forests in TANR are mainly 
because of ponds, settlements, and plantations. Based 
on spatial analysis, the total area of ​​TANR’s mangroves 
was 59,665.78 ha, and around 75% of them were 
disturbed and classified as the rehabilitation zone [9].

Mangrove forests are not only complex ecosystems 
and have high productivity, but are also known as a 
fragile ecosystem. A series of depletion of mangrove 
forests in TANR will reduce environmental services 

generated from the mangrove itself. As a conservation 
area, this is one of serious problems should be anticipated 
immediately. Studies related to the mangrove forests 
status, especially in terms of mangrove ecology, are 
still very limited in TANR. Previous studies discussed 
the importance of collaboration in managing mangroves 
of TANR [8]. Furthermore, a study conducted by the 
BKSDA Kaltim [9] reported that 6 species of mangrove 
composition were identified. However, further studies 
on the current condition of mangroves in TANR have 
never been carried out in detail. Understanding the 
composition and diversity of mangroves are very useful 
for determining the initial steps in restoration efforts 
[10, 11]. It is also important to know the dynamics 
of changes in mangrove forest ecosystems [12], and 
the determination of the remaining mangrove forest 
protection zones. 

To manage TANR better,  data and information on 
the current ecological status of mangrove forests are 
needed. Therefore, this study aimed to analyze the 
floristic composition and relationship between species 
density and soil properties of mangrove forests in 
TANR. We expect the results to be one of reference 
policies of TANR area management.

Experimental  

Study Area

This study was conducted in September 2019 
in TANR mangrove forests, Paser District, East 
Kalimantan Province. The total area of TANR is 
59,665.78 ha. The mangrove forests in TANR are 
situated in a bay on the east coast of Borneo Island, 
facing the Makassar Strait. It is also surrounded by 
swamp forests, heat forests, and also tropical lowland 
forests. Soils are typified by low pH and high organic 
contents (Table 1).  

Table 1. Soil properties of each transect in TANR, each value is expressed as mean±standard deviation (SD).

T pH 
(H2O)

Organic matters (%) Cation Exchange (meq/100gr) CEC
(%) Sat (%) Texture

N C C/N Ca++ Mg++ Na+ K+

T1 5.23
±0.163

0.47
±0.085

5.08
±0.255

10.95
±1.485

4.62
±0.049

7.36
±0.106

78.41
±0.318

1.38
±0.021

92.92
±0.0474

98.75
±0.247 SCL

T2 5.00
±0.170

0.43
±0.071

4.82
±0.113

11.46
±1.640

4.91
±0.226

7.64
±0.042

75.87
±0.099

1.40
±0.028

92.48
±0.071

97.12
±0.509 SCL

T3 5.51
±0.184

0.35
±0.014

5.53
±0.141

15.68
±0.318

5.61
±1.075

7.87
±0.078

76.99
±9.058

1.39
±0.035

93.52
±8.026

98.21
±0.156 SCL

T4 5.28
±0.205

0.41
±0.134

4.91
±0.233

12.99
±4.929

4.26
±0.325

7.01
±0.198

70.66
±1.372

1.35
±0.001

84.62
±0.955

98.42
±1.131 SCL

T5 7.20
±0.071

0.14
±0.092

3.09
±2.100

19.29
±4.476

4.60
±0.021

3.69
±2.949

30.94
±31.007

0.86
±0.339

41.21
±33.955

97.39
±2.143 Sand

T6 7.33
±0.382

0.16
±0.127

3.10
±2.079

20.29
±3.062

4.62
±0.014

3.73
±2.892

31.94
±29.592

0.96
±0.048

41.91
±32.972

97.70
±1.817 Sand

Remarks: T  = transect; Sat = saturation; SCL = sandy clay loam
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Data Collection

Six mangrove observation transects were made 
purposively. Each transect was placed perpendicular to 
the shoreline with the length adjusting the thickness of 
the mangroves  [13]. We made 33 plots with a size of 
20 x 20 m or equivalent to 1.32 Ha in total. At each 
transect, we established 2 x 2 m observation subplots 
for seedlings (plant height≤1.5 m), 5 x 5 m for saplings 
(plant height >1.5 m and diameter <10 cm), and 20 x 
20 m for trees (plants with diameter ≥10 cm) [14]. We 
collected ±2000 g soil samples from each transect at 
a depth of 0-30 cm using a pipe tool. All species of 
mangroves were identified by scientific name, number 
of stand, stem diameter, and height. To obtain more 
comprehensive information on the composition of 
mangrove species, we observed outside the transect area 
to record other mangrove species. For each unidentified 
species, we collected herbarium specimen for further 
identification at Wanariset Herbarium (WAN) - Balitek 
KSDA (Balai Penelitian dan Pengembangan Teknologi 
Konservasi Sumber Daya Alam). Soil samples were 
further analyzed to determine their physical and 
chemical properties in the laboratory of the Center 
for Environmental and Natural Resources Research – 
Mulawarman University, Samarinda. 

Data Analysis

Vegetation data were analyzed by calculating the 
Importance Value Index (IVI) [13, 15]. IVI in seedling 
strata was obtained by adding up the values ​​of relative 
density and relative frequency. Meanwhile, the IVI 
for saplings and trees was the sum of relative density, 
relative frequency, and relative dominance, which were 
calculated using the following equations: Relative 
density = (Density of the species/Total density of all 
species) × 100. Relative frequency = (Frequency of the 
species/Total frequency of all species) × 100. Relative 
dominance = (Basal area of the species/Total basal 
area of all species) × 100. Vegetation analysis was also 
carried out by calculating the Margalef species richness 
index (R) [13], Shannon-Wienner species diversity 
index (H’) [13,18], and dominance index (D) [18]:

...where: R = Margalef species richness index; S = 
number of species in the community; N = number of 
individuals

...where: H’ = Shannon Wienner diversity index;  
S = number of species in the community;  pi = proportion 
of the population made up of species i

...where: D = Dominance index; S = number of species 
in the community; Pi = proportion of the population 
made up of species i.

Resemblance between transects was analyzed using 
Bray-Curtis similarity index [16] . To test differences 
of ecological index parameter among transects, we 
used the Kruskal Wallis test [17]. The test was applied 
since data did not meet the normality assumption and 
transformations were failed. Furthermore, a Canonical 
Correspondence Analysis (CCA) analysis was carried 
out to determine the characteristics of the mangrove 
forests for each transect based on soil conditions and 
its correlation with the density of the species. All 
calculations of each ecological index value and the 
statistical test were run using PAST. 3 [18].

Results and Discussion

Species Composition

Rhizoporaceae was the richest family (5 species), 
followed by Combretaceae (3 species), Arecaceae (2 
species), and other families in which each family was 
represented by one species. Rhizophora apiculata and 
Bruguiera parviflora had the most extensive distribution 
because they occurred in all observed transects  
(Table 2). Most mangrove species identified were 
classified as major mangroves (9 species). Several other 
species were grouped into minor mangroves (2 species) 
and mangrove associates (3 species). 

Indonesia is a tropical archipelago country and one 
of the most important distribution areas of mangroves 
in the world. According to Spalding et al. [5], there 
were 45 species of mangroves identified in this country. 
This makes Indonesia as the richest country in terms 
of mangrove species worldwide [2,5]. In this study, 
we only recorded 14 species of mangroves in TANR. 
However, number of species collected in this study was 
higher than that collected by TNAR’s staff (6 species) 
[9]. Several new species recorded were A. marina, 
S. alba, B. parviflora, X. granatum, A. aureum, N. 
fruticans (major mangrove), and P. tectorius, T. catappa, 
O. tigillarium (mangrove associates). Previous studies 
conducted in other parts of Borneo Island, such as in 
the Semporna, Sabah (Malaysia) [19] and Kutai National 
Park (Indonesia) found a similar species composition 
[20]. Geographically, TANR is a bay directly facing the 
Makassar Strait. East Kalimantan coastal area, which 
is bordered by the Makassar Strait, is an important 
distribution of mangroves in the Indo West Pacific 
region [21]. The composition of mangrove species 
around the area was a result of geological adaptation 
over a thousand years. Therefore, the mangroves in the 
study site had higher species number [21].
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None of the mangrove species recorded in this 
study is protected based on regulations in Indonesia. 
According to the IUCN Red List, we only found 
one mangrove species with Near Threatened (NT) 
category, C. decandra. Naturally, C. decandra has 
slow reproduction rate and is vulnerable to extreme 
environment [22]. C. decandra in TANR inhabits the 
back zone of mangrove forests. Remaining stand is also 
found around dikes. The low population of C. decandra 
is not only due to reproductive factors but also because 
their habitat is threatened by the expansion of ponds 
particularly in the transition area between mangrove 
and terrestrial ecosystems. Fish farmers in TNAR 
usually build their ponds with the distance 100-200 
m from the sea. Consequently, species grown within 

that distance will be well developed in comparison to 
species inhabited the back mangrove and transitional 
zone.  A similar phenomenon also occurs in L. littorea, 
which occupies habitats bordering terrestrial ecosystem. 
We only recorded two individuals of L. littorea during 
fieldwork. The main threat to L. littorea is logging since 
this species produces high quality wood  [23]. Severe 
and continuous anthropogenic pressures are a cause for 
local extinction of several mangrove species in TANR, 
resulting in changes in species composition.    

Vegetation Structure

The mean tree density of mangrove forests in 
TANR was 606.67±147.230 ind ha-1  (Table 3). The 

Table 2. Mangrove species in TANR.

No Family Species Mangrove 
Group

Transect (T)

1 2 3 4 5 6

1 Acantacheae Avicennia marina (Forsk.) Vierh. Maj √ √

2 Arecaeace Nypa fruticans Wurmb Maj √

3 Arecaceae Oncosperma tigillarium (Jack) Ridl.* Ass

4 Combretaceae Sonneratia alba J.E.Smith Maj √

5 Combretaceae Lumnitzera littorea (Jack) Voight* Maj

6 Combretaceae Terminalia catappa* Ass

7 Meliaceae Xylocarpus granatum Koening Min √

8 Pandanaceae Pandanus tectorius Parkinson Ex Zucc* Ass

9 Pteridaceae Acrostichum aureum L. Min √

10 Rhizophoraceae Rhizophora mucronata Lam. Maj √ √ √

11 Rhizophoraceae Rhizophora apiculata Blume Maj √ √ √ √ √ √

12 Rhizophoraceae Bruguiera parviflora Wight & Arn. Maj √ √ √ √ √ √

13 Rhizophoraceae Ceriops tagal (Perr.) C.B.Rob. Maj √ √ √

14 Rhizophoraceae Ceriops decandra (Griff.) Ding Hou* Maj

Remarks: Maj = major mangrove; Min = minor mangrove; Asso = Mangrove association; 
*) = Mangrove species recorded outside the transect

Table 3. Density, diameter, height, and basal area of individual trees in TANR, each value is expressed as mean±standard deviation (SD).

Transect Density 
(ind ha-1)

Diameter
(cm)

Height
(m)

Basal Area
(m2 ha-1)

T1 680±225.153 15.07± 10.155 11.72±6.413 44.776± 3.442

T3 550±145.172 19.12±11.066 15.84±7.522 41.273±3.860

T4 435±208.597 20.96±14.523 15.06±6.658 43.742± 6.62

T2 820±169.803 16.38±9.559 11.62±3.977 45.111±3.340

T6 685±95.782 18.30±7.615 9.65± 3.463 40.059±2.466

T5 470±75.221 19.14±15.552 9.54± 5.456 40.392±8.104

Mean 606.67±147.230 18.16±2.119 12.24±2.667 42.56±2.255
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highest density was at transect 2 (820±169.803 ind ha-1), 
while the lowest density was at transect 5 (470±75.221 
ind ha-1). The average diameter was 18.16±2.119 cm. 
Transects 1 and 2 had the lowest stem diameter, while 
other transects had similar diameters. The height of 
trees averaged 12.24±2.667 m and basal area was ​​
42.56±2.255 m. Species with the highest diameter was 
A. marina (85.35 cm), while R. apiculata was the highest 
species (27 m). The average mangrove density in TANR 
was lower compared to the results derived from other 
studies  [25,26]. However, diameter, height, and basal 
area of trees in TANR were similar. Low mangrove 
density illustrates that mangrove forests in TANR 
have experienced severe disruption. The remaining 
mangroves in that location are the undisturbed stand.  
Firman et al. [8] reported that there are eight villages 
around TANR with a population of 14,767 people, 
contributing to a serious threat to the existence of 
mangrove forests. Disturbance to mangrove forests in 
TANR is caused not only by the expansion of ponds but 
also by the development of settlements and plantations. 
Ponds have begun to receive greater attention since 
they are thought as the main contributor to mangrove 
depletion in Indonesia, including East Kalimantan [2, 6, 
7]. 

The structure of mangrove vegetation in TANR 
differed among transects on the basis of composition 
and density of each individual. The Bray-Curtis 
similarity analysis revealed that there were two main 
groups of mangrove vegetation (Fig. 1). The structure 
of mangrove vegetation in TANR differed among 
transects on the basis of composition and density of 
each individual. The Bray-Curtis similarity analysis 
revealed that there were two main groups of mangrove 
vegetation (Fig. 1). The first group was transects 5 and 
6 which had the highest similarity in terms of species 
composition. The prominent presence of A. marina and 
S. alba situated in the outer bay characterized the first 
group. Furthermore, the second group consisting of 

transects 1,2,3, and 4 was indicated by the abundance 
of R. apiculata and B. parviflora. The second group 
shared similarity of less than 50% with the first group.
Unlike transects 5 and 6, there were no A. marina and 
S. alba found at transects 1,2,3, and 4. Previous studies 
reported that A. marina and S. alba predominantly lived 
in areas close to the sea and were exposed to sunlight 
[27, 28, 29]. 

The IVI showed that R. apiculata had the highest 
score in all growth strata (Table 4): seedling 98.22%, 
sapling 127.73%, and tree 144.03%. Another species 
with the high IVI in each strata was B. parviflora 
(seedling 18.69%, sapling 68.50%, and tree 61.30%). C. 
tagal had the lowest IVI in the seedling strata (4.67%), 
while R. mucronata had the lowest IVI in the sapling 
strata (12.14%), and X. granatum had the lowest IVI in 
the tree strata (3.15%).  

R. apiculata is the most dominant mangrove species 
in TANR indicated by the highest IVI in all growth 
strata. The dominance of R. apiculata in mangrove in 
Southeast Asia had also been reported by numerous 
studies  [19, 20, 25, 26, 30]. Rhizophora is the genus 
that has the most extensive distribution worldwide 
[30,31]. This genus has viviparous propagule and can 
float on water, so it can be widely distributed [30] . 
However, specifically, the R. mucronata is found to 
have the low IVI compared to R. apiculata. Shat et al. 
[25]  explained R. apiculata will suppress R. mucronata 
growth if they are in the same habitat.  Wah et al. [19] 
also reported that R. apiculata was very dominant in 
disturbed mangrove forests. In contrast, R. mucronata 
was dominant in undisturbed mangrove forests. This 
phenomenon also occurred in TANR. We found that R. 
apiculata could colonize the open areas of the former 
ponds that were no longer used. 

X. granatum was mangrove species that had the 
lowest IVI in tree strata. In fact, individuals of this 
species were not recorded for seedlings. We also 
documented that there were no individuals of S. alba 
in the seedling strata.  The absence of seedlings can be 
an indicator if the regeneration rate of these two species 
is very low. Failure to regeneration is a threat to the 
existence of a long-term plant species.  Sidique et al. 
[32]  explained that regeneration failure of X. granatum 
is strongly influenced by the level of water salinity. 
Salinity above 25 PSU (Practical Salinity Unit) is toxic 
to seeds, inhibits nutrient uptake and causes dying of 
seeds. S. alba can produce large amount of seeds  [33, 
34], but, most of the seeds die due to movement of 
sediments and sea waves  [35]. Study by Alongi [36]   
in Kutai National Park found that there was a decrease 
in the survival rate of S. alba seedling up to 68.75% 
in just 3-month of observation period. Besides natural 
regeneration factors, it is noteworthy that S. alba is 
one of the favorite foods of proboscis monkey (Nasalis 
larvatus), a primate that has a strong association with 
mangrove forests. The high rate of consumption of 
leaves by the this primate makes S. alba dwarf and 
bald, and unable to produce seeds normally.   

Fig. 1.  Dendrogram analysis of similarities among transect 
locations based on species composition.
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Species Richness Index, Diversity Index, 
and Dominance Index

The variation in the species richness, diversity, 
and dominance indices in TANR was similar to the 

study conducted by Wah et al. [19] in Semporna Sabah 
and Su et al. [26] in Sarawak. It is reasonable as all 
studies took place in the same island. However, the 
Kruskal Wallis test showed that there was a significant 
difference (P<0.05) for each ecological index values ​​

Strata No Species Important Value Index (%)

Seedling

1 Rhizophora apiculata Blume 98.22

2 Avicennia marina (Forsk.) Vierh. 58.07

3 Bruguiera parviflora Wight & Arn. 18.69

4 Rhizophora mucronata Lam. 9.34

5 Acrostichum aureum L. 6.33

6 Nypa fruticans Wurmb 4.67

7 Ceriops tagal (Perr.) C.B.Rob. 4.67

Sapling

1 Rhizophora apiculata Blume 127.73

2 Bruguiera parviflora Wight & Arn. 68.50

3 Xylocarpus granatum Koening 36.72

4 Avicennia marina (Forsk.) Vierh. 24.54

5 Sonneratia alba J.E.Smith 18.17

6 Ceriops tagal (Perr.) C.B.Rob. 12.19

7 Rhizophora mucronata Lam. 12.14

Tree

1 Rhizophora apiculata Blume 144.03

2 Bruguiera parviflora Wight & Arn. 61.30

3 Avicennia marina (Forsk.) Vierh. 39.79

4 Ceriops tagal (Perr.) C.B.Rob. 34.50

5 Sonneratia alba J.E.Smith 12.30

6 Rhizophora mucronata Lam. 4.92

7 Xylocarpus granatum Koening 3.15

Table 4. Important Value Index (IVI) of mangrove vegetation in TANR.

Fig. 2. Margalef species richness index, Shannon Wienner diversity index, and Dominance index of mangrove species in TANR. Different 
words in the bar chart marked significant differences at α = 0.05%. 
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among transect locations.  The Kruskal Wallis test 
showed that the Margalef richness index (X2 = 7.410, 
p = 0.006), the Shannon-Wienner diversity index  
(X2 = 5.769, p = 0.016), and the dominance index 
(X2 = 8.308, p = 0.003) were significantly differed 
among transects (Fig. 2). Different values of ecological 
indices can be attributed to differences in anthropogenic 
levels and environmental conditions of each transect. 
For instance, lowest values of Margalef richness and 
Shannon-Wienner diversity indices for transect 4 
reflected the high anthropogenic pressure in the past 
due to the fish pond development. In contrast, the 
same indices for transect 6 was the highest since it was 
situated in the front zone of mangroves and received 
less anthropogenic pressures.  

The TANR’s geographical area is characterized 
by a large bay, so environmental condition differs 
among transects. Some transects with similar habitat 
characteristics are possible to have similar index values. 
Various environmental factors can lead to various 
composition, distribution, and density on each species. 
This indirectly influences species richness, diversity, 
and dominance indices.  According to Saenger et al. 
[21] the mangrove species richness index in Kalimantan 
coastal region is strongly affected by environmental 
conditions that have higher evaporation and lower 
salinity compared to other regions in the world. In the 
long term, various research have predicted that climate 
change can also influence the adaptability of various 
mangroves species, influencing species richness index 
and diversity index [31, 37, 38]. 

The Relationships between Species Density 
and Soil

The CCA analysis revealed that the eigenvalues ​​
for the two main axes were 0.33444 and 0.18772, 

respectively. The two axes could explain 91.98% of 
the variances of soil parameters in which each axis 
contributed to 58.91% (axis 1) and 33.07% (axis 2). Axis 
1 had a strong correlation with various parameters, such 
as pH, N, C, C / N, Mg, Na, K, CEC, and saturation. 
Meanwhile, for axis 2, only the saturation parameter had 
the strongest correlation. CCA analysis also produces 
a biplot ordination that illustrates the relationships 
between the transect location and soil conditions and 
also mangrove species and soil conditions (Fig. 3). 
Ordination of the biplot between the transect location 
and soil conditions showed that the transect 1,3, and 4 
had soil condition parameters with slightly high to high 
organic content (C and N), very high Na content, low Ca 
content, slightly high Mg content, medium K content, 
very high saturation, and the proportion of clay soils 
reached 29-36%. Transect 2 and 5 were characterized 
by 1 soil condition parameter, which was a low Ca 
content. The soil pH of  transect 6  was neutral, the C/N 
was slightly high, and the proportion of sand texture 
reached 88.60%.  The relationships among density and 
distribution of mangrove species and the gradient of soil 
conditions had a high correlation value (0.74) for axis 1. 
The level of correlation among variables could be seen 
from the angle of the arrow, meaning the smaller the 
angle, the greater the correlation. This study identified 
that the density of N. fruticans, S. alba, and A. marina 
correlated with C/N, pH, and the sandy soil texture. 
Meanwhile, the density of R. mucronata, B. parviflora, 
and C. tagal corresponded to Ca content and also the 
sandy soil texture. The density of R. apiculata and A. 
aureum had the strongest correlation with the silt and 
clay soil textures.

Differences in density and distribution of mangroves 
are influenced by various factors, such as geographic 
regions, tidals, precipitation, temperatures, salinity, 
soil types, and the levels of sun exposure [1-3, 28, 31]. 

Fig. 3. CCA analysis biplot ordination of species density in TANR. The length of arrows explained the strength of correlation between 
soil properties and species density.  The direction of arrows showed the pattern of correlation between soil properties and ordination axes.
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Soils in mangrove forests are alluvial mainly formed by 
sediment deposits originating from both rivers and the 
sea. The sandy soil texture found in transect 5 and 6 
were affected by the position of the transects directly 
facing the outer bay. This condition had resulted in 
high influence of marine dynamics. A high proportion 
of the sandy soil texture in mangrove forests is from 
various marine biota, such as coral reef, mollusks, and 
echinoderms. The frequency of soil organic matter 
leaching through tidal mechanisms affected pH levels 
in transect 5 and 6 which had higher pH than others. 
The pH values ​​in transects 5 and 6 were more neutral 
and almost the same as the pH conditions in the outer 
bay. The characteristics belonged to sandy soils finally 
led to special adaptation of certain mangrove species. 
For example, we only found A. marina and S. alba 
species around transect 5 and 6. These species are 
known to inhabit mangrove typified by sandy soils 
[35,38]. Other species having a positive correlation with 
the proportion of the sandy soil are B. parviflora and 
R. mucronata. Both species primarily grow in the front 
zone of mangroves along with A. marina and S. alba.    

The density and distribution of  R. apiculata and 
A. aureum corresponded to the texture of clay and 
silt soils. R. apiculata had the highest density and the 
most extensive distribution in TANR. The difference 
in correlation of each species to the soil texture 
indicates the formation of mangrove forest zones. Soil 
conditions dominated by silt and clay textures are 
mostly inhabited by species grown in the middle to 
rear zones. A. aureum, for example, is one of mangrove 
associate species found in zones adjacent to terrestrial 
ecosystems. The correlation between mangrove species 
and soil conditions is similar to the results of previous 
studies revealing that R. apiculata favored silt and clay 
soil conditions  [39,40].  The texture of clay and silt or 
mix of them is preferred by many mangrove species 
compared to the dominant sandy soil texture. Silt and 
clay soil textures tend to be darker, less porous, and 
the aeration and decomposition processes of organic 
matter run slower. Soil characteristics around the zone 
inhabited by R. apiculata and A. aureum have very 
high (C) and moderate (N) organic content. Organic 
materials originate from the primary productivity of the 
mangrove forests or the input from the outside of the 
mangrove ecosystem. Litter is organic matter derived 
from dead materials of mangrove plants. Several 
organic materials are from rivers and organic sediments 
from the sea. 

C. tagal had association with low Ca content in 
the soil. This finding is similar to the results of study 
conducted by Sukardjo [41] in Teluk Apar Nature 
Reserve and  Mukhlisi and Gunawan [35] in Kutai 
National Park. Low Ca content is related to soil organic 
matter leaching by tides. As a nutrient, Ca is useful to 
help the growth process of various mangrove species, 
including C. tagal. Ca content in soils is also useful to 
help reduce Na levels in the C. tagal tissue  [42]. This 
mechanism benefits mangrove seedlings by reducing 

the toxic effects of high salinity. At high salinity  
levels, the effects of reduced Na content will appear on 
young plant parts, such as young shoots and leaves [42, 
43]. 

Conclusion

To sum up, the mangrove forests in TANR were the 
remaining stand that had not been disturbed by human 
interventions. Based on the species composition, there 
were 9 new species found in TANR. Variations in 
species richness and diversity of mangrove were similar 
to other locations in Indonesia. However, some species 
were characterized by very low regeneration, thereby 
threatening their existence, especially X. granatum, S. 
alba, L. littorea, and C. decandra. As a conservation 
area, the degraded forest needs to be immediately 
restored to return its former state. Based on the national 
regulation, alternative ecosystem recovery techniques 
for conservation areas can refer to Permenhut No. P 
48/Menhut-II/2014. Restoration efforts by planting 
mangrove species should consider the aspects of the 
suitability of sites based on zoning, seed availability, and 
the surrounding environmental conditions. Considering 
that most of the mangrove forests in TANR have been 
converted into fishponds, hence the restoration efforts 
require community involvement, and are carried out 
collaboratively through conservation partnership 
schemes. Furthermore, to maintain the remaining 
mangrove forests, environmental law enforcement is 
imperative.
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