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Abstract. 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: 1624-1632. Mangrove 
ecosystem is suffering from continuous damage in terms of quality as well as quantity. Rapid mangrove conversion triggered by the 
ever-growing human population and activities have affected them adversely and caused mangrove deterioration in the coastal areas of 
Kupang District, Indonesia. The decline of quality and quantity of mangrove environment has caused highly alarming effects, such as an 

increase in abrasion, decrease of marine products, and sea-water intrusion. Although various efforts have been deployed for the 
rehabilitation of mangrove forests, there are no significant results yet. One of the reasons is such efforts are not based on scientific data 
on suitability of the physicochemical conditions of the mangrove habitats. The objectives of this study were to analyze the 
physicochemical conditions, such as salinity, mud thickness and slope of five selected mangrove locations, namely Tarus, Mata Air, 
Tanah Merah, Oebelo and Merdeka in Kupang District by systematic sampling method and to prepare spatial distribution maps for each 
of these parameters. Salinity conditions showed a wide variation in the study locations, starting from 10 ppm to 38.33 ppm. Mud 
thickness ranged from 20.11 cm to 84.77 cm in the entire study area. The highest mud thickness of 84.77 cm was found in Tanah Merah, 
followed by Oebelo with the maximum thickness of 74.66 cm, Mata Air with 56.22 cm, Merdeka with 53.66 cm, and the lowest mud 

thickness was in Tarus with 53.55 cm. Mangrove locations in Kupang District are dominated with 2-3% slope. The study indicated that 
the habitat conditions in the coastal area of Kupang District are suitable for the growth of mangroves. This study will also provide the 
basis to plan future mangrove rehabilitation programs in the study area. 

Keywords: Coastal area, coast inclination, mangrove growth, mud thickness, salinity level  

INTRODUCTION  

Mangroves perform many ecological functions, such as 

carbon absorption, pollutant remediation, abrasion 

prevention, intrusion prevention, besides acting as storm 

barriers. Mangroves are also the habitat for nurturing and 
breeding various aquatic species (Wiryanto et al. 2017). 

Mangroves hold the ability to increase marine production 

by 23% from the normal value (Anneboina and Kumar 

2012). Mangroves even play important roles in preserving 

coastal areas from abrasion by providing stability in the 

sediments through its root system (Wiryanto et al. 2017). 

They also act as ocean pollutant filters to maintain the 

quality of marine water (Monsef and Smith 2018). 

Mangrove ecosystems are inhabited by various animal 

species due to their ecological and physical features  

(Lapolo et al. 2018). Mangrove ecosystems also support 

various species of microorganisms which are highly 
tolerant to extreme conditions  (Retnowati et al. 2017). 

Mangroves are important for preserving biodiversity, as 

well as for providing wood and non-wood products to local 

communities  (Dharmawan et al. 2016). Mangrove ecology 

consists of various organisms, both living on land and in 

the water  (Basyuni et al. 2018). Mangroves also protect 

small fishes and the larvae of fishes and clams, guarding 
them against predators  (Lapolo et al. 2018). All these 

make mangroves very important elements in coastal 

ecosystems, in various aspects including ecological, social, 

and economical  (Basyuni et al. 2018). Mangroves are 

globally limited by temperature. However, various factors, 

such as rainfall, tides, waves and river flow play very 

dominant roles in determining the distribution, width, as 

well as the biomass of mangroves in regional and local 

scales  (Alongi 2008). 

Globally, mangrove ecosystem gradually deteriorating 

both in quality and quantity due to human activities  

(Husodo et al. 2017). In return, condition of mangrove 
ecosystems also highly affect various human activities. 

Several factors such as land reclamation, construction 

works along the coastal line, as well as pollutions are the 
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causes of mangrove ecosystem degradation  (Husodo et al. 

2017). 

The core problem affecting mangrove forests in the 

coastal areas of Kupang District, Indonesia is the rapid land 

conversion triggered by an increase in population as well as 

human activities  (Siubelan et al. 2015). This is threatening 

the very existence of mangroves (Matatula et al. 2018).  

Various efforts have been implemented in the coastal 

areas of Kupang District to rehabilitate mangrove forests, 

but they have not shown significant results so far. The 
species used for rehabilitation activities were Rhizophora 

stylosa and Rhizophora apiculata. However, before 

deciding the species to be planted, no assessment of the 

physicochemical features of the mangrove habitats and 

their environment was conducted to find out whether these 

species are suitable. Actually, habitat features are important 

for deciding the species to be used in rehabilitation 

programs. Strategic planning on managing coastal area 

needs to be supported with studies about habitat 

characteristics in the mangrove areas, so that the mangrove 

rehabilitation efforts could yield better results. The 
objectives of this study are: (i) to understand the habitat 

conditions in terms of three selected physicochemical 

parameters, namely salinity, mud thickness and slope, of 

mangrove growing areas of the coastal region of Kupang 

District, East Nusa Tenggara, Indonesia, and (ii) to analyse 

the pattern of spatial distribution of these parameters and 

represent the same in the form of spatial maps. 

MATERIALS AND METHODS  

Research areas 

This research was conducted in five mangrove locations 

of the coastal areas of Kupang District, East Nusa 

Tenggara, Indonesia, namely Tarus, Mata Air, Tanah 

Merah, Oebelo and Merdeka. Mangrove forests Tarus, 

Mata Air, Tanah Merah, Oebelo and Merdeka are located 

in the coastal area Kupang Bay that is the administrative 
area of Kupang district. The five location located in sub-

districts namely Kupang Tengah and East Kupang. Kupang 

Bay is located at the position of 9.19o-10.57o S and 

121.30o-124.11oE. According to the government 

administration of Kupang Bay, it is included in 2 (two) 

regions, namely Kupang District and Kupang City, East 

Nusa Tenggara. Kupang Bay is one of the region irrigation 

conservation that has the complete ecosystem. One of the 

ecosystem potential that is mangrove ecosystem which 

extends to the coast of Kupang Bay. Map of the research 

locations is provided in Figure 1. 
 

 
 
 

 
 
Figure 1. Map showing the mangrove research locations along the coastal area of Kupang District, East Nusa Tenggara, Indonesia 
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Physicochemical analysis 

Three parameters, namely salinity, mud thickness, and 

slope or coastal inclination were measured at different 

sampling points of each of the selected research sites, using 

proper sampling methods. Sampling and measurement were 

done in measuring grids which are placed perpendicular to 

the coastal line. On each research location, lines that were 

perpendicular to the coast-line which penetrate all the three 

zones of mangrove ecosystem (proximal, medial, and distal 

zones) were drawn. The distance between each line was 50 
m horizontal to the beach. A total of 306 such lines were 

made in all the 5 research location, such as Tarus, Mata 

Air, Tanah Merah, Oebelo, and Merdeka. On each such 

line, three measuring areas or sampling plots (PU) of 10 m 

x 10 m were made, one in each mangrove zone.  

Thus, a total of 918 (306 X 3) measuring areas were 

marked. Physicochemical parameters were analyzed in each 

of these 918 areas. All the measurements and samplings 

regarding salinity, thickness of mud and slope were taken 

only when the low tide starts. Salinity measurement of the 

mangrove areas was done using a refractometer. Salinity 
measurement was carried out by collecting water samples 

from each measuring area using spotting pipette, then the 

samples are dropped onto the detection sensor of the 

refractometer. The thickness of mud was measured using a 

scaled dip stick of 2 m length. The scaled stick was dipped 

into the mud until the tip touches the mud floor, then the 

mud thickness was read directly from the scaled stick. The 

tool used to measure the coastal slope was a clinometer.  

The spatial mapping of the mangrove research locations 

for the distribution of studied parameters was done by 

grouping them into different classes, based on the values of 
each of the chosen parameters. For salinity, class G-

1included areas with low salinity of 10-20 ppm, G-2: areas 

with moderate salinity of 21-30 ppm and G-3: areas with 

high salinity of >30 ppm. The mud thickness is also 

grouped into several depth classes: L-1: for mud thickness 

of 10-30 cm, L-2: for mud thickness of 31-40 cm, and L-3: 

for mud thickness of >40 cm. The grouping based on slope 

was S-1: for low slope (almost flat), the value is ≤ 1.5%, S-

2: for moderate slope (flat to low), the value is 1.6-3.0% 

and S-3: For high slope flat to slope), the value is ≥ 3.0% 

(Poedjirahajoe 2006). 

 Cluster analysis was used to analyze the combined 
status of the mangrove habitat conditions. Cluster analysis 

will indicate the pattern of grouping of habitat conditions, 

the level of similarity or variations with regard to the 

studied physicochemical parameters between the different 

research locations located on the same stretch of beach. 

This analysis is based on calculating the mean Euclidean 

distance as proposed by Ludwing and Reynold (1988). The 

formula used was as follows: 
 

dij =  
 

Where: 

Dij: Matrix data distance coefficient level i to level j 

X ik: Parameters measured in level (experimental unit) i 

X jk: Parameters measured in level (experimental unit) j 

m: Total parameters measured. 

RESULTS AND DISCUSSION 

Physicochemical conditions of mangrove forest at Tarus 

Variations in salinity, mud thickness, and slope 

observed at different sampling points of mangrove location 

of Tarus is shown in Table 1. The salinity in this location 

ranged from 10 ppm to 24 ppm. In Tarus, observation lines 

1-18 showed salinity around 10 ppm to 21 ppm, lines 19-35 

showed values ranging from 20.33 ppm to 23 ppm, while 

lines 36-46 showed salinity value ranging from 18 ppm to 

19.33 ppm. On both ends of the observation stretch, lines 
showed low salinity levels as both of these locations are 

close to the estuary which contains mixture of fresh water 

and salt water. Salinity level in this location may be 

considered ideal for the growth of mangroves. This is 

because mangroves could thrive well in estuary with 

salinity level of 10 ppm-30 ppm. Some mangrove species 

could even grow in places with high salinity level. For 

example, Avicennia marina can grow in high salinity water 

(Manurung et al. 2017). Salinity condition of Tarus 

mangrove location can be seen in Figure 2. 

Mud thickness in Tarus was ranging from 20.11 cm to 
53.55 cm. Mud thickness becomes a determining factor for 

organisms such as Scylla serrata which is always active on 

mud while the tide is up (Widigdo 2017). Mud is the ideal 

growing place for mangrove vegetation. Mud is one of the 

requirements for mangroves to be able to live, along  with 

tidal waves from the ocean (Matatula et al. 2018). Mud 

thickness variations in mangrove Tarus is shown in Figure 

3. 

 

 
Table 1. Salinity, mud thickness and slope values at different 
sampling lines of Tarus mangrove location, Kupang District, East 
Nusa Tenggara, Indonesia 
 

Salinity 

(ppm) 

Thickness 

of mud 

(cm) 

Slope 

(%) 

Salinity 

(ppm) 

Thickness 

of mud 

(cm) 

Slope 

(%) 

10 33 3 23.66 26 2 
10 30 2 23 30 2 
14 35.64 2 23.66 47.77 2 
16 35.64 2 24 41.44 3 
17.33 37.88 2 24 46.88 3 
17.33 43.22 2 24 45 3 
16 42.22 2 23.33 45..7 3 

18 47.88 2 23.33 20,11 2 
18 35 2 22.33 25 2 
18 42 2 23 24.77 2 
20 42 2 22 29.77 2 
20 43.7 2 20 20.11 2 
20 40.55 2 18 46.33 2 
20 43.11 2 18 44.22 2 
21 45.77 2 19.33 46.44 3 

21 40.55 2 19 43 2 
21 43.7 2 18 43.3 2 
21 46.11 2 18 47.55 2 
20.33 46 3 18.66 47.55 2 
20.66 40.55 2 18 29.77 2 
20.66 53.55 2 18 29.77 2 
22.66 26.5 2 18 29.77 2 
24 26.5 3 18 35.64 3 
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In addition to salinity and mud thickness, the slope of 

coastal area also plays a part in the growth of mangrove 

vegetations. Tarus has 2% slope in 37 lines, and 3% slope 

in 9 measurement lines. Tides and slope are two 

interconnected elements. The characteristics of coast such 

as the width, coastal line length, etc. are closely connected 

with waterlogging and sedimentation. Ideal habitat 

conditions will boost regeneration process greatly, 

especially in the budding of the seeds such as Avicennia 

marina (Hastuti et al. 2016). Inclination condition of 
mangrove Tarus can be seen in Figure 4. The analyzed 

physicochemical conditions of the Tarus mangrove forest 

area showed similarity with Mata Air location. This was 

illustrated by cluster analysis (Figure 17). This similarity 

may be due to the fact that these two locations are situated 

close to each other (Figure 1). 

Physicochemical conditions of Mata Air mangrove location 

 Mata Air research location had salinity of 16 ppm-30 

ppm, mud thickness of 21cm-56.22 cm, and slope of 2-3% 

(Table 2). Salinity value in Mata Air shows that it is within 

the limit of ideal salinity for growth of mangrove 

vegetation  (Saparinto 2007). The dominant salinity value 

is 20.66 ppm, found in 33 out of total 134 sampling lines. 

Variation in salinity levels along the sampling lines of 

Mata Air is shown in Figure 5.  

Dominant mud thickness in mangrove Mata Air was 
between 40 cm and 43.11cm and its variation is shown in 

Figure 6. The slope varies from 2% to 3%. The dominant 

coastal slope was 2% found in 84 sampling lines. 2.33% 

slope was found in 17 lines, 2.66% in 2 lines and 3% slope 

was found in 28 lines (Figure 7). Dendrogram analysis 

indicated that this location shares the shortest distance with 

Tarus mangrove location (Figure 17). 
 
 

 

 

 

 
Table 2. Salinity, mud thickness, and slope values at different sampling lines of Mata air mangrove location, Kupang District, East Nusa 
Tenggara, Indonesia 
 

Salinity 

(ppm) 

Thickness 

of mud 

(cm) 

Slope 

(%) 

Salinity 

(ppm) 

Thickness 

of mud 

(cm) 

Slope 

(%) 

Salinity 

(ppm) 

Thickness 

of mud 

(cm) 

Slope 

(%) 

Salinity 

(ppm) 

Thickness 

of mud 

(cm) 

Slope 

(%) 

22.66 34.88 2.33 20 32.66 2 24 45 3 24 31 2 
21.66 34.88 2.33 18 38.77 2 23 42 2 24 30 2 
18.66 33.33 2 18 39.55 2 23.66 50.88 3 24 39.44 2 
16 33.33 2.33 19.33 47.11 2.33 24 43.11 3 23 43.44 2 
18 43.88 3 20 43.11 2.33 24 44.88 3 23.33 49.44 2.33 
17.33 42.33 2 20 43.33 2.33 24 39.66 3 23 43.22 2 
23.33 44.55 2 20 40.33 2.33 23.33 32.66 3 23.33 42 3 
30 42.77 2 18.66 44.22 2 23.33 34 2 23.66 44.44 3 
21.66 33.88 2 18.66 40.33 2 22.66 31 2 23.33 49.33 2 

18.66 33.88 3 18.66 46 2 23 31.33 2 23.33 44.55 3 
20 33.33 2 18.66 36.44 2.33 22 37.88 2 23 40.22 2 
20 37.55 3 18 56.22 3 20 40.44 2 23 44.55 3 
20 34.66 2 18 25.44 3 18 52 2 23.33 45 2 
20 43.11 3 18.66 25.44 3 18 43.22 2 29 45.33 2 
22.66 40.22 2 18.66 26.55 2 19.33 41.77 3 23.66 48.22 2 
22.66 43.66 2 20.66 21 2 21 43.49 2 24 37.44 3 
23 44.11 2 21 30 2 18 43.33 2 24 38 3 

23 46.55 2 22 48.44 2 18 29.88 2 24 38.33 3 
23 44.11 3 20 45.11 2.33 22 31.66 2 23.33 37.11 3 
21.33 41.33 2 20 48.88 2.33 23 27.77 2 23.33 36 2 
22 41.33 2.66 20 34.11 2 23 37 2 23.66 40 2 
22.66 46.55 2.66 20 46.55 2 23 31 2 24 32.66 2.33 
24 43.11 3 22 56.22 2 23 29.88 2.33 24 42 2 
23.66 43.11 2 22 42.22 2 22 29.88 3 24 45 2 
23 40.33 2 20 36.44 2 22 32 2 24 44.55 2.33 

23.66 44.22 2 20 42.44 2 22.33 32.66 2 24 45 2 
24 40.33 3 21 56.22 2 22 35.44 2 24 35.88 3 
24 47.11 3 21 42.22 2 21.33 47.22 2 24 36.33 2 
24 40 3 21 42.22 2 21.33 48.44 2 24 44.55 2 
22.33 40 3 21 41.44 2 22.33 43.55 2.33 23.33 32.22 2 
23.33 36.44 2 20.33 41.33 3 23.66 50 2.33 24 37.88 2 
23.33 40 2 20.66 43.66 2 24 50.44 2 24 34.22 2 
23 40 2 20.66 42 2 24 54.44 2.33    

22 38.77 2 22.66 45.88 2 24 31.66 2    
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Figure 2. Salinity levels in different sampling lines of Tarus 
mangrove location 
 

 
 

 
Figure 3. Mud thickness variation in different sampling lines of 
Tarus mangrove location. 
 
 
 

 

 
Figure 4. Coastal slope variation in sampling lines of Tarus 
mangrove location. 
 
 
 

 
Figure 5. Salinity variation in sampling lines of Mata Air 
mangrove location 

 
 
Figure 6. Variation in mud thickness along the sampling lines of 
Mata Air mangrove location 

 
 
 

 
Figure 7. Slope variation across sampling lines of Mata Air 
mangrove location 
 
 
 
 

 
Figure 8. Salinity variation in sampling lines of Tanah Merah 
mangrove location 
 

 
 

 
Figure 9. Variation in thickness of mud along sampling lines of 
Tanah Merah mangrove location 
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Figure 10. Slope variation in sampling lines of Tanah Merah 

mangrove location  
 

 

Physicochemical conditions of Tanah Merah mangrove 

location 

Physicochemical conditions of mangrove area of Tanah 

Merah is presented in Table 3. The salinity level ranged 
between 23.66 ppm-38.33 ppm, from a total of 74 

observation lines. The dominant salinity values were 31 

ppm, 34 ppm and 34.66 ppm, each of these values were 

found in 5 observation lines (Figure 8). Salinity level in 

Tanah Merah was comparatively higher, but still habitable 

for mangroves. This is in accordance with Purnobasuki et 

al. (2016) who opines that mangrove has a role in building 

the stability of coastal ecosystem because mangroves can 

grow in high salinity area and can survive in high tide.  

Mud thickness at this location varies from 34.55 cm to 

84.77 cm (Figure 9). The dominant inclination of 2.33% 

was found in 18 lines from a total of 74 observation lines. 
Inclination of 2.66% was found in 16 lines while 2% and 

3% were found in 14 lines each, and 3.66% was found in 5 

observation lines (Figure 10). This shows that the 

inclination in mangrove area of Tanah Merah as almost flat 

to low, and low inclination to steep. This is different from 

the study conducted on the eastern coast of Sumatra Utara, 

with slope of <2% (Kusmana 2018). According to the 

cluster analysis result (Figure 17), this location showed 

similarity with Oebelo mangrove location.  

Physicochemical conditions of Oebelo mangrove 

location 

Physicochemical conditions of Oebelo location is 

summarized in Table 4. Salinity in Oebelo mangrove 
location was varying between 26.66 ppm and 35.66 ppm. 

Dominant salinity was 33.33 ppm found in 4 out of 37 total 

observation lines. Salinity values of 32.33 ppm, 33.66 ppm, 

and 35.66 ppm was found in 3 observation lines each while 

30 ppm, 33 ppm, 34.33 ppm and 35 ppm found in 2 

observation lines each (Figure 11). Salinity condition of 

this location can be categorized as moderate to high 

(Poedjirahajoe 2006). Mud thickness ranged from 32.77 cm 

to 74.66 cm. Dominant values were 38 cm and 39.55 cm, 

which were found in three observation lines. Mud thickness 

in other lines was highly variable, wherein the same 
thickness was recorded only in 1-2 lines (Figures 12). 

Oebelo shows slope levels of 2-3%, 2.33% being the 

dominant value found in 13 observation lines. 2% 

inclination was found in 10 observation lines, 2.66% in 6 

observation lines, and 3% is found in 8 observation lines 

(Figure 13). Slope of Oebelo location was categorized as 

almost flat to slope (Poedjirahajoe. 2006), which is similar 

to the slope condition found in Tarus, Mata Air and 

Merdeka areas. Oebelo mangrove area shows similarities 

with previously described Tanah Merah location because 

these two locations are close by in Figure 17.  

 

 

 

 
Table 3. Salinity, mud thickness and slope values at different sampling lines of Tanah Merah mangrove location, Kupang District, East 
Nusa Tenggara, Indonesia 

 

Salinity 

 (ppm) 

Thickness of  

Mud (cm) 

Slope 

 (%) 

Salinity 

 (ppm) 

Thickness of  

mud (cm) 

Slope 

 (%) 

Salinity 

 (ppm) 

Thickness of  

Mud (cm) 

Slope 

 (%) 

Salinity 

 (ppm) 

Thickness of  

Mud (cm) 

Slope 

 (%) 

27.66 74 2 28.33 76 2.66 23.66 82.33 3 28 43 2 
27.66 81.88 2.66 28.33 34.55 2 27 65.66 2 29.33 52.44 2.33 
27 69.55 2 27.33 46.55 2.33 27.33 78.22 2.66 34.33 62.44 2.33 
26.66 78.88 2.66 35 57.88 2.66 31.33 60.11 2.66 29.66 68 2.33 
33 62.88 2.33 30 68 2.33 31 54.55 2 36 63.55 2.33 
31 58 2.66 38.33 68.88 2.33 29.66 48.55 3 30.33 47.11 2.66 
31.33 48.44 2.66 30.66 45.22 2.33 30 48.55 2 31 46 2 
31.33 44.22 2 29.66 45.77 2 28 56.44 2.33 27.33 45.66 3.33 
34.66 56.77 3 28 66.77 3.33 32.33 46.66 2 34 67.44 2.33 

32.33 46.33 2.66 34 62.11 2.33 31 41.77 1.66 34 67.44 2.33 
31 44.11 1.66 35.66 71.66 2.33 27.66 52.88 1.66 34 70.55 3.33 
32 50.66 1.66 34.33 79.77 3 32 50.22 2 33 67.44 3 
31.66 46.66 3 33.66 65.33 3 32.66 43 3 34.66 77.55 3 
32.66 43.11 3 34.66 73.33 3.66 32 42.22 2.32 34.66 63.88 3.66 
31.66 43.33 2.33 34 48.88 3.33 32 50.66 2.33 36 46.88 3.33 
26.66 43.66 2.66 35.33 51.55 3 32.33 46.44 2.66 32.66 51.44 3 
35.66 43.66 2.33 34.66 50.55 3 30.66 61.22 2 32.66 51.44 3 

29.66 59.66 2.33 33.33 84.77 3 30 57.55 2    
32.33 61.66 2.66 33 75.33 2.66 24.66 75.44 2.66    
  

Sl
o

p
e

 

Observation path 
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Table 4. Salinity, mud thickness and slope values at different sampling lines of Oebolo mangrove location, Kupang District, East Nusa 
Tenggara, Indonesia 

 

Salinity 

 (ppm) 

Thickness of 

Mud (cm) 

Slope 

 (%) 

Salinity 

 (ppm) 

Thickness of mud 

 (cm) 

Slope 

 (%) 

Salinity 

 (ppm) 

Thickness of 

mud 

 (cm) 

Slope 

 (%) 

33.66 69.55 2 31.66 41.77 2.66 34.66 44.88 2 
33.33 73.22 2 33.33 49.44 2.66 33.33 38.55 3 

33.33 61.33 2 26.66 32.77 2.33 35.66 38.11 2.33 
35 74.66 2 29 40 2.33 35.33 38 2.33 
33 62.44 2 29.33 39.55 2.33 35.66 38 3 
31 56.44 2.33 29 33.88 2.33 33.66 34.22 3 
32.33 45 2.66 30 40 2.33 35 33.88 3 
32.66 43.66 2 29.33 39.55 2.33 34.33 39.55 3 
34.33 53.77 2.33 27.33 38 2.33 35.66 39.66 3 
30 46.77 2.33 33.66 40.77 2.66 34.66 33.88 3 
31.33 42.55 2 31.33 44.22 2 34.66 38.55 3 

32.33 50.44 2 37 44.11 2.33    
32.33 48.11 2.66 33 45.33 2.66    

 

 

 
Figure 11. Variation in Salinity along sampling lines of Oebelo 
mangrove location 
 
 

 
Figure 12. Variation in thickness of mud along sampling lines of 
Oebelo mangrove location 
 
 

 
Figure 13. Variation in Slope along sampling lines of Oebelo 
mangrove location 

Table 5. Salinity, mud thickness and slope values at different 
sampling lines of Merdeka mangrove location, Kupang District, 
East Nusa Tenggara, Indonesia 
 

Salinity (ppm) Thickness of mud (cm) Slope (%) 

29 43.22 2.66 
28.66 43.22 3 
26 43.33 2 
28 49.22 2.33 
31 38.11 2.66 
34 38.11 3 
31.33 39.88 2.66 
31.33 38 2 

30.33 32 2.66 
29 48 2 
28.66 48.44 2.66 
28.66 53.66 3 
31.66 34.11 3 
32 43.33 3 
33 42.22 3 

 

 

Physicochemical conditions of Merdeka mangrove 

location 

Values recorded for the assessed physicochemical 

parameters related to Merdeka mangrove location is shown 

in Table 5. Lowest salinity in this location was 26 ppm and 

highest was 34 ppm. The spreading of different salinity 

levels is quite high (Figure 14). Dominant salinity levels of 

28.66 ppm and 31.33 ppm were found in two observation 

lines. The other observation lines showed a variety of 
salinity levels. Salinity condition in mangrove Merdeka is 

categorized as moderate to high. Mud thickness ranges 

from 34.11 cm to 53.66 cm, with dominant values of 38.11 

cm, 43.22 cm, and 43.33 cm, each found in 2 observation 

lines (Figure 15). Mud thickness highly affects the ability 

of the vegetation’s root system in trapping sediments 

brought along by the water flow of the tides (Noor et al. 

1999). that the mud thickness would affect the durability of 

certain vegetations, root system could increase and stabilize 

mud. Mud thickness condition in the coastal area of 

mangrove Merdeka can be seen in Figure 18. 
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Figure 14. Variation in salinity along sampling lines of Merdeka 
mangrove location 
 

 
Figure 15. Variation in mud thickness along sampling lines of 
Merdeka mangrove location 

 
 

 
 
Figure 16. Variation in slope along sampling lines of Merdeka 
mangrove location 
 

 
  
Figure 17. Dendrogram related to the assessed physicochemical 

parameters related to 5 mangrove locations of Kupang District, 
East Nusa Tenggara, Indonesia 

Slope in mangroves of Merdeka range from 2% to 3%, 

while dominant slope is 3% which was found in 6 

observation lines (Figure 16). Slope condition of Merdeka 

is categorized as almost flat to slopy (Poedjiraharjoe 2006). 

Dendrogram analysis result for environmental mangrove 

growth showed that Merdeka location has maximum 

similarities with Tarus and Mata Air locations. This is a 

surprising finding considering the fact that Merdeka 

location is geographically nearer to Oebelo and Tanah 

Merah locations.  

Mapping of physicochemical conditions of mangrove 

locations 

It is necessary to study the spatial distribution of species 

and their interaction with the ecosystem  (Herliansyah and 

Fitria 2018). Spatial distribution of salinity, mud thickness, 

and slope conditions are needed which can form the basis 

for planning and managing coastal areas of Kupang 

District, East Nusa Tenggara. Distribution of salinity levels 

in all of the five studied mangrove locations of Kupang 

district is shown in Figure 18. Tarus shows low to 

moderate salinity shown by brown area dominating the 
front zone up to the middle zone, and low salinity is found 

in the back area of mangrove forest, indicated by green 

colors. The condition is different in Mata Air area, which 

shows the domination of pink colors in the front area, up to 

several places in the middle area of the mangrove forest. 

Salinity of the Tanah Merah and Oebelo locations are 

dominated by high levels. Merdeka is dominated by 

moderate to low salinity level areas. It is because Merdeka 

mangrove area is in the path of a river which becomes the 

border of mangroves of Merdeka and Nunkurus. Salinity 

conditions of all five locations when analyzed together 
shows a wide variation starting from 10 ppm to 38.33 ppm. 

Mud thickness ranged from 20.11 cm to 84.77 cm in the 

entire study area. The highest mud thickness of 84.77 cm 

was found in Tanah Merah, followed by Oebelo with the 

maximum mud thickness of 74.66 cm, Mata Air with 56.22 

cm, Merdeka with 53.66 cm, and the lowest mud thickness 

was in Tarus with 53.55 cm. The spatial distribution of 

mud thickness in the study locations is mapped in Figure 

19. Mata Air, Tanah Merah, and Oebelo locations are 

dominated by dark green colors which indicate higher mud 

thickness. It may also be noted that thick mud dominates 

the coastal mangrove forests of Kupang District, starting 
from the front zone up to the middle zone.  

Slope is related to the tide, which affects the 

characteristics of the beach, such as the width, coastline 

length, which in turn related to waterlogging and 

sedimentation. So, salinity and mud thickness are related to 

slope as well. Mangrove locations in Kupang District are 

dominated with 2-3% slope, indicated by blue colors to 

pink colors in the map shown as Figure 20. The higher 

slope is indicated by a blue color, which dominates the 

front zone up to the middle, on almost all mangrove areas 

of Kupang District. Based on this study, it may be 
concluded that the habitat conditions of the studied 

mangrove areas of Kupang District are suitable for the 

growth of mangroves.  
 

Sa
lin

it
y

 

Observation path 

Observation path 

Sl
o

p
e

 

Observation path 

Th
ic

k 
o

f 
m

u
d

 

  



 BIODIVERSITAS 20 (6): 1624-1632, June 2019 

 

1632 

 
 

 
Figure18. Map showing the distribution of salinity levels in the 

mangrove locations of Kupang District, East Nusa Tenggara, 
Indonesia 
 
 
 

 
 
Figure 19. Map showing the distribution of mud thickness in the 
mangrove locations of Kupang District, East Nusa Tenggara, 
Indonesia 
 

 
 

 
 

 
Figure 20. Map showing the distribution of slope in the mangrove 
locations of Kupang District, East Nusa Tenggara, Indonesia 
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