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ABSTRACT 

 
Mahakam Delta is one of the largest mangrove ecosystem areas in East Kalimantan, which is dominated by nipa 

(Nypa fruticans). This paper investigates the population density of nipa and measures habitat characteristics in the 

area, which represents the condition of mangrove ecosystem that has received heavy pressures as a result of the 

increase in human activities.A total of 30 plots, size of 100m
2
 each plot, were sampled from six locations in the study 

site. In each plot, the number of individual, stalk, leaves, fruit and flower of nipa was recorded. Nipa zone adjacent to 

active ponds area had the density of 106 individual/ha with 913 stalks ha
-1

. The leaf density was 336 leaves ha
-1

, fruit 

density was 12 fruits ha
-1

 and flower density was 12 flowers/ha. Furthermore, nipa density in locations faraway from 

active ponds area was 74 individual/ha with 861 stalks/ha. While the leaf density was 239 leaves/ha, fruit density in 

this area was 2 fruits/ha and flower density was 9 flowers/ha. Result also showed that nipa habitat in study site is 

characterized by high turbidity and low salinity. Among other parameters, tidal level has strongest correlation to nipa 

population density. This study can also be considered as a preliminary assessment to develop mangrove ecosystem 

rehabilitation action plans in Mahakam Delta and to consider the potential use of nipa as an alternative source of 

livelihood for local communities living in the vicinity of the Mahakam Delta area.  
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INTRODUCTION 

 

Many studies have reported that mangrove 

forest plays various ecological functions, such as 

biodiversity conservation and as coastline 

protection from erosion (Dutrieux et al., 2014). In 

addition, mangrove ecosystem is also essential for 

providing resources for the livelihoods of local 

communities. Mahakam Delta has become a 

notable mangrove ecosystem in East Kalimantan 

due to its ecological, social and economic 

importance. Mangrove forests in Mahakam Delta 

function as feeding source as well as spawning 

and nursery grounds for aquatic organisms, which 

become a primary source of local communities’ 

livelihoods (Dutrieux et al., 2014; Sidik, 2010). 

Zain et al. (2014) also noted that mangrove forest 

in Mahakam Delta has high economic value for 

communities, from both direct use and indirect 

use values.  

Mahakam Delta has been a subject to 

anthropological disturbance for several last 

decades. One of the biggest threats in these areas 

is the conversion of mangrove forests into ponds. 

Dutrieux et al. (2014) reported that 85% of 

mangrove ecosystem in Mahakam Delta was 

damaged and replaced by aquaculture ponds by 

2001. It is therefore important to measure 

mangrove habitat characteristics to find out the 
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impact of mangrove conversion to environmental 

conditions which may affect ecosystem balance 

in the area. 

Even though mangrove ecosystem in 

Mahakam Delta has been widely recognized, 

current information on vegetation composition of 

mangrove ecosystem in these areas based on field 

measurement remains limited. Most studies 

mainly focused on the change of mangrove area 

over time (Dutrieux et al., 2014; Sidik, 2010), 

conflicts related to natural resources utilization 

and related stakeholders in this area (Dutrieux et 

al., 2014; Sidik, 2010), economic value of the 

area (Susilo et al. 2017; Wahyuni et al. 2014) and 

carbon dynamics of mangrove conversion 

(Arifanti et al., 2018). This gap of information 

needs to be filled in order to provide more 

comprehensive information about the impacts of 

human activities that have been occurring in this 

area for a long period of time. As a predominant 

mangrove species in Mahakam Delta, nipa 

population density has been highly affected by 

the disturbances.  Moreover, by understanding the 

population density of nipa, potential use of non-

timber forest product in this area could be 

promoted. Several studies point out that non 

timber forest products of mangrove plant species 

can contribute in supporting sustainable 

livelihoods and providing food source for local 

communities in various locations  (Arifanti et al., 

2018; Santoso et al., 2005; Situmorang & Barus, 

2015) 

Given that aquaculture ponds still become a 

main preference for communities’ livelihood, 

forest management should also consider the 

utilization of mangrove forest resources that can 

bring economic benefit to the communities other 

than aquaculture ponds that lead to mangrove 

forest conversion. This study aimed to provide up 

to date information on population density of nipa 

and measure habitat characteristics of the area as 

a representative of disturbed mangrove forest in 

Mahakam Delta. The result of this study is also 

expected to be used as a consideration in 

Mahakam Delta management plan development, 

which include the involvement of local 

communities in conserving mangrove ecosystem 

without neglecting the livelihood sustainability of 

local communities. 

  

METHODS 

 

Study Site 

 

This research was conducted in Barat Muara 

Kaeli Research and Education Forest, Kutai 

Kartanegara Regency, East Kalimantan, which 

located between 029’34” - 023’25” south 

latitude and 11719’40” - 11725’32” east 

longitude. This forest area is part of Mahakam 

Delta mangrove ecosystem. Administratively, the 

forest area is situated in two districts, Anggana 

and Muara Badak.  Average annual rainfall in this 

area is about 187.75 mm in the period of 2010-

2014. 
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Figure 1. Study Area 

 

Data collection 

 

Data was collected in six points in which 

each point consists of five plots size of 10x10m
2
. 

We also divided sample point in Nypa fruticans 

zone into two categories, three points located 

adjacent to active ponds, while the other three 

points were far away from active ponds. We 

classified the location based on the assumption 

that the ones which adjacent to active ponds are 

more likely to be exposed by human activities to 

find out whether this affect nipa community.  

 

Table 1. Site classification 

Location Site characteristics 

T1 Nypa fruticans zone – no active ponds 

T2 Nypa fruticans zone – adjacent to active ponds  

T3 Nypa fruticans zone – adjacent to active ponds 

T4 Nypa fruticans zone – adjacent to active ponds 

T5 Nypa fruticans zone – no active ponds 

T6 Nypa fruticans zone – no active ponds 

  

In each plot, we measured the number of 

individual as well as the number of stalks, flower 

and fruit. We also collected data on 

environmental conditions in each plot, which 

consists of water quality, temperatures, humidity, 

tidal level, and pH soil. 

   

Data Analysis 

 

The data was further analyzed to find out 

species density using the following equations: 

                
                        

                         
 

.......................................................(1) 
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Meanwhile, habitat characteristics data was 

further analyzed in Water Quality Laboratory, 

Mulawarman University. Methods used in water 

quality assessment are as follows.

Table 2. Methods used in water quality assessment 

Parameter Method 

Chemical 

pH SNI 06.6989.11-2004 

DO SNI 06.69889.14-2004 

Total-P SNI 06.6989.31-2005 

Physical 

Turbidity Turbiditymeter 

Redox potential Potentiometry 

Salinity Hand-refractrometry 

Inorganic 

chemical 

BOD-5 APHA,5210-B, 22
ND

 th.2012 

COD SNI 06.6989.73-2009 

NO3 -N SNI 19-6964.7-2003 

SNI: Indonesian National Standard 

In addition, t-test was performed to find out 

if there is any significance difference on the 

number of individual, stalk, leaves, fruit and 

flower of nipa between location adjacent to active 

ponds and location with no active ponds nearby. 

 

RESULTS AND DISCUSSION 

 

Nipa Population Density 

 

Nipa zone is the largest area compared to 

other vegetation zone in Mahakam Delta. 

According to Dutrieux et al. (2014), the nipa area 

accounted for 551 km
2
 or 53.9% of the total 

mangrove ecosystem in Mahakam Delta. The 

result of this study showed that nipa density in 

area adjacent to ponds was about 106 

individualsha
-1

, higher than in area with no ponds, 

which was 74 individuals ha
-1

.  Similar pattern 

also occurred in the density of stalk, leaf and fruit 

in which stalk density in pond adjacent area was 

913 stalks ha
-1

, leaf density was 336 leavesha
-1

 

and fruit density was 12 fruitsha
-1

. Meanwhile in 

no ponds area, the density of stalk, leaf and fruit 

were 861 stalks ha
-1

, 239 leavesha
-1

 and 2 

fruitsha
-1

, respectively. Concurrently, the number 

of nipa flower in no ponds area was 12 flowers 

ha
-1

, higher than in adjacent pond area, which was 

9 flowers ha
-1

. 
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Figure 2. nipa density in Mahakam Delta 

Figure 1. Study Area 

 

However, there were no significant 

differences between area adjacent to ponds and 

nipa area with no pondson the number of 

individual (p-value = 0.09925), stalk (p-value = 

0.7861), leaves (p-value = 0.2375), fruit (p-value 

= 0.1035) and flower p-value = 0.1777.  

The number of stalk and leaves of nipa can 

be used to calculate nipa growth in certain period 

of time. Moreover, this data can also be used to 

estimate the age of nipa by collecting time series 

data. Age estimation is determined by multiplying 

the number of leaves occurred and time interval 

on leaf growth. In addition, the number of flower 

and fruit can also indicate the production of nipa 

flower and fruit (Rozainah & Aslezaeim, 2010). 

Result also showed that population density of 

nipa located nearby active ponds was higher than 

those in the area where no ponds were operated. 

This result could also show that human activities 

in this area is more likely to increase nipa 

abundance. Human activities may lead to waste 

deposit in mangrove swamp that could 

accumulate and alter swampy soil. This condition 

is favorable for nipa growth (Wang et al., 2016).  

Nipa is considered as ‘single stand’ species. 

Nipa also has higher population density compared 

to other mangrove species. This is because nipa 

grows in clusters and tends to create large 

colonies (Tsuji et al., 2011). This species is also 

considered to threaten other mangrove species 

and might decline biodiversity in mangrove 

ecosystem. However, further research is required 

to find out the effect of nipa occurrence on other 

mangrove species (Middeljans, 2014).  

Habitat Characteristics 

Environmental conditions varied during 

measurement in the field. Water temperature 

ranged between 27-29.44°C, while ambient 

temperature between 27.26-32.84°C. The 
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differences in temperatures were influenced by 

area openness in which more open areas tend to 

have higher temperature. Moreover, tidal level at 

study sites also varied, in which the lowest one 

was in T1, while the other sites had almost 

similar tidal level (Table 4). 

Table 4. Environmental conditions at study site 

Point 
Water 

temperature (°C) 

Ambient 

temperature (°C) 
Humidity Tidal level (cm) 

T1 28.56 30.44 70.4 72.8 

T5 27 30.04 71 105.4 

T6 28.66 32.84 61.6 93.8 

T2 28.12 29.76 72 97.6 

T3 27.44 31.28 61.8 97.8 

T4 27.14 27.26 79.2 101.2 

     

Meanwhile, the results of laboratory analysis 

showed that pH in T1, T2 and T3 were above 7, 

whilst the other locations had pH lower than 7.  

DO in the study sites were almost similar in T1, 

T2, T4, T5 and T6 but significantly lower in T4. 

Moreover, total phosphorus was quite similar in 

T1, T3 and T5, while in T2, T4 and T6 were less 

than 0.1. Turbidity was higher in T3, T4 and T5. 

Redox potential values were negative in T1 and 

T2. In terms of salinity, all locations had similar 

salinity values, except for T4, which had highest 

salinity. In regard to inorganic chemical 

properties of water in the study site, both BOD 

and NO3-N had almost similar pattern in all 

locations, while for COD, the lowest was in T5 

and the highest was in T4 (Table 5).  

 

Table 5. Water quality at study site 

 

Parameters 
Location 

T1 T2 T3 T4 T5 T6 

Chemical 

pH 7.51 7.39 6.59 6.86 6.06 5.94 

DO 3.13 2.59 0.96 2.65 3 2.72 

Total-P (as P) 0.17 0.08 0.28 0.06 0.12 0.05 

Physical 

Turbidity 13 13 34 23 29 11 

Redox potential -28 -3 18 16 9 38 

Salinity 5 7 6 11 7 7 

Inorganic 

chemical 

BOD-5 2.03 1.1 2.79 2.86 1.53 1.65 

COD 34.32 13.86 39.14 51.18 11.45 29.51 

NO3-N 1.64 0.82 2.46 0.49 1.96 1.69 
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The result also indicates that tidal level is 

significantly correlated with the population 

density of Nypa fruticans (r=0.778), while the 

other parameters have weak correlation with nipa 

density. Nipa is categorized as fast growing 

species and commonly found along riverside 

(Middeljans, 2014).  Therefore, this species is 

also influenced by tidal level. When tidal level is 

high, nipa would be inundated by salt water, and 

it would be replaced by freshwater in low tidal 

level (Rozainah & Aslezaeim, 2010). Turbidity in 

all locations in study site was high, while the 

salinity was low. This confirms the result of other 

study which mentioned that nipa is more likely to 

be found in low salinity water (Zakari et al., 

2017).  

In terms of habitat characteristics, several 

water quality parameter in this study exceeded 

water quality standard according to Ministry of 

Environment (2004). This indicates that this 

forest area could not properly provide suitable 

habitat for aquatic fauna. A factor that influences 

water quality is the conversion of mangrove 

forest into other land use (Gandaseca et al., 

2016). Dutrieux et al. (2014) reported that 85% of 

the total mangrove area in Mahakam Delta has 

been converted into pond in the period of 1980-

2001. This contributes to water quality 

degradation in Barat Muara Kaeli research and 

education forest. 

Implication for Mangrove Ecosystem 

Management in Mahakam Delta 

Not only decreasing the area, anthropogenic 

mangrove ecosystem disturbance also influenced 

the population density of mangrove species. 

Compared to undisturbed or low level of 

disturbance areas, the population density of Nypa 

fruticans in the study area tended to be 

significantly lower (Ashton and Macintosh, 2002; 

Kasawani et al., 2007; Middeljans, 2014; 

Robertson et al., 1991). These studies found that 

in undisturbed areas, mean density of seedlings of 

mangrove species was 938911.8 individual ha
-1

, 

while nipa has a very high density with 4431-

14800 palmsha
-1

. This difference is related to 

habitat conditions that affect the occurrence of the 

mangrove species. Management intervention is 

required to improve habitat quality by restricting 

ponds expansion. Furthermore, it is also 

important to rehabilitate degraded mangrove area 

by planting, particularly in the riverbank areas as 

well as building collaboration with other 

stakeholders working in Mahakam Delta to 

develop integrated action plans in order to 

prevent more severe damages. 

As mentioned earlier, the provision of 

alternative livelihoods for local communities is 

necessary to reduce the extension of pond areas. 

nipa is one of mangrove species which has high 

potential economic benefit. Santoso et al. (2005) 

noted that nipa can be utilized for salt material 

substitute, roof, sugar and other food materials. 

Moreover, nipa in Mahakam Delta also has high 

potential in producing bio-ethanol (Arindya, 

2014). Given the potential of these mangrove 

species in the study area and also supported by 

appropriate rehabilitation measures, there is an 

opportunity to promote the utilization of non-

timber forest resources from nipa and Sonneratia 

alba. However,this needs to be incorporated into 

management plan of Mahakam Delta. The 

mangrove ecosystem of Mahakam Delta is now 

under the management of Forest Management 

Unit Mahakam Delta (KPH Delta Mahakam). Not 

only considering the importance of Nypa 

fruticans for ecological balance of the ecosystem, 

management plan should also take into account 
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the potential benefits of these species as a 

livelihood alternative for local communities 

living surrounding the forest area. They can also 

be involved in forest management to reduce 

mangrove forest conversion without neglecting 

their economic necessities. In the new paradigm 

of forest management in Indonesia, FMU is 

expected to be able to be self-funded and generate 

income through sustainable forest resources 

utilization (KLHK, 2016).  

CONCLUSION 

Mangrove ecosystem in Mahakam Delta was 

dominated by Nypa fruticans. Based on this 

study, the density population of nipa was 74 

individuha
-1

 in the area with no active ponds and 

106 individual/ha in the area adjacent to active 

ponds. These results were considered lower than 

population density of the same species in other 

areas where the level of disturbances was not as 

massive as in Mahakam Delta. Although there 

was no difference in population density between 

area adjacent to ponds and area with no ponds 

nearby, the result might indicates that the damage 

of mangrove habitat in particular areas in 

Mahakam Delta could affect the entire areas. 

Habitat characteristics in the study site was 

regarded to be suitable for Nypa fruticans in 

which tidal level has strongest correlation with 

population density of species compared to other 

variables but results of water quality analysis 

showed that the environmental condition in this 

area could not properly support sustainable 

habitat for aquatic fauna. In addition, given to the 

potential economic benefit of Nypa fruticans, 

Forest Management Unit of Mahakam Delta 

should also promote the sustainable utilization of 

this species for economic empowerment program 

for local community to be incorporated into 

mangrove ecosystem management in this area. 
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