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Abstract: The condition of mangrove ecosystem is fluctuated due to the various factors such as the
environmental support, replanting, maintenance, natural disturbance and anthropogenic effects. This research
aimed to understand the change of mangrove coverage between 2011 and 2016 mn Semarang and Demak and
analyze the change of mangrove proportions based on the damage level. The research was conducted in
October 2017 through literature study to obtain information of the condition of mangrove ecosystem in
Semarang city and Demak Regency in 2011 and 2016. Data analysis was conducted with Chi-square test to
understand the change of coverage proportion based on the degradation level. The result shows that the
mangrove coverage of Demak Regency was mncreased from 3.950 ha in 2011-4.595 ha 1 2016 while the coverage
in Semarang city was static with 325 ha. Tncreased mangrove coverage was occurred in Demak and Semarang
both for the good and poor condition of mangrove. Contrarily, the coverage of mangrove with moderate
condition was reduced. Statistically, the proportions of mangrove conditions were significantly different.
Mangrove coverage in Demak and Semarang should be improved to recover the mangrove ecosystem which

has been destructed.
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INTRODUCTION

The coastal area of Semarang city and Demak
Regency are among the most vulnerable regions to soil
erosion in Central Java (Marfai, 201 4). The coastal erosion
has changed the coastline to 500 m backward in Semarang
city (Marfai, 201 7) while in Demalk Regency the coastline
has been regressed to nearly 5 km. Thus, massive loss of
ecosystems and civilizations were occurred in both
reglons.

Mangrove forest in the coastal area is an important
ecosystem which supports the livelihood of both coastal
and terrestrial organisms. However, the condition of
mangrove ecosystem in many regions i1s now degraded.
Various factors have triggered the degradation of
mangrove ecosystem. Among the various factors
affecting mangrove ecosystem, human mterest is the
major factor which caused mangrove degradation
(Rasyid et al., 2016). Rapid development in the coastal
area has caused several problems to the environment due
to the change of land use as well as the increasing human
activities.

Mangrove has important role n the maintenance of
coastal area, especially, in the developed area. Mangrove
ecosystem provides various benefits such as to control
climate as barrier to protect coastal area from storms and
erosion, maintain the water quality, provide various
fish resources to support the livelithoods of coastal
communities (Orchard et al, 2015). The issues
conhcerning mangrove ecosystem change over times. In
the early past, decades in order to unprove the
rehabilitation effort, mangrove was much related to the
fisheries sector. Some research tried to prove the umpact
of mangrove coverage to the abundance of fish stocks
(Anneboina and Kumar, 2016; Yulianto ef af., 2016). But
now a days the economic valuation of mangrove has been
caleulated including the consideration of its ecological
services (Salem and Mercer, 2012). The result shows that
mangrove provides much more economic preservation
and benefits as a preserved ecosystem than being utilized
intensively.

One of the most known phenomena which affect the
coverage of mangrove is the global climate change. Global
climate change causes the rise of sea level which further
affect the coverage of mangrove due to the increasing
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inundation in the mangrove ecosystem (Marfai, 2014).
However, the change of land use also has significant
contribution on the change of mangrove coverage, due to
the conversion for various purposes such as fishpond
and settlement (Rasyid et al., 2016).

Even though conversion of mangrove forest to
fishpond provides economic benefit but the benefit is not
sustamable. A case study conducted in Demak Regency
showed that decreased mangrove coverage along with
increased fishpond area cauwsed coastal erosion,
decreased pond width and decreased pond productivity
as well as its profitability (Romadhon et al., 2014).

Mangrove degradation also, affects the social
condition of coastal community such as increasing
poverty and expanding slump area. However, both
conditions are existed in the coastal area of Demak
Regency and Semarang city (Sekatia, 2015; Sit et al,,
2015). The long impact of mangrove degradation is the
reduction of resources. As the impact, a lot of the coastal
commumty which 1s dominated by fishermen lost their
employment. At the same time, the loss of mangrove also

causes another environmental problems including
frequent flood, storms and mcreasing pollutant
concentration.

In order to maintain the sustainability of coastal
ecosystem as well as the resources, conservation of
mangrove ecosystem is strongly required, especially, in
the regions in which previously inhabited by mangrove.
However, the effort requires the participation of the
related stakeholders such as the government, NGO as well
as the local community (Orchard ef al., 2013). The effort

Fig. 1: Area of nterest of the research

to promote mangrove plantation has been conducted both
in Semarang and Demak. In Semarang, rehabilitation of
mangrove 18 conducted through the development of
breakwaters and plantation of mangrove in the coastal
area (Hartati et al., 2016).

Even though mangrove has various benefits to the
coastal ecosystems but the function is not absolute.
Mangrove requires the support of another ecosystems to
provide optimum function to the resources (Lee et af.,
2014). Moreover, the condition of mangrove ecosystem
also has significant role in the establishment of ecological
services. The capacity of mangrove in supporting the
coastal resources or in protecting coastal area might be
reduced due to the poor condition of mangrove
ecosystem. Mangrove condition fluctuates based on the
disturbance and maintenance it achieved which may
impact the services it provide.

The monitoring of mangrove coverage and health is
needed to evaluate the impact of human activities on the
coastal ecosystem (Cummings and Shah, 2018). This
research aimed to: understand the change of mangrove
coverage between 2011 and 2016 1 Semarang and Demak
and analyze the change of mangrove proportions based
on the damage level.

MATERIALS AND METHODS

The research was conducted m October 2017
including the area of interest i Semarang city and Demak
Regency. The area in interest of this research is shown in
Fig. 1.
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The primary data was collected through literature
study. The collection of reference was obtained from the
Fisheries and Marine Services of Central Java. Simce, the
research aimed to compare the condition of mangrove
within the last 5 years, data collection was only selected
for year 2011 and 2016. However, detailed information on
the degradation level of mangrove ecosystem was
identified including good, moderate and poor
condition.

Data processing was conducted to calculate the
change of mangrove coverage particularly for each
degradation level and total coverage in each region.
Relative percentage of coverage change was calculated
referred to imitial total coverage. Data analysis was
conducted through Chi-square analysis to compare, if the
proportion of mangrove condition was similar. Statistical
data analysis was conducted with SPSS Statistic with
confidence interval of 95%.

RESULTS AND DISCUSSION

Data collection on the coverage of mangrove
ecosystem 1n Semarang city and Demak Regency showed
noticeable difference between both region. The coverage
of mangrove in Demak Regency is much wider than the
Semarang city. Detailed condition of mangrove coverage
in Semarang city and Demak Regency in 2011 and 2016 1s
presented in Table 1.

Table 1 shows that there was an increase of total
mangrove coverage in Demak Regency. There was 644 ha
new mangrove coverage in 2016 or 16.3% from mitial
coverage in Demak Regency. However, the coverage of
mangrove in Semarang city was static. According to the
data, there were changes on mangrove condition as well.
In Demak, the coverage of mangrove with good condition
was increased by 11.6% or 459.0 ha while in Semarang city
increased by 266.3 ha or 81.9%. Both Semarang city and
Demak Regency have decreased mangrove coverage with
moderate condition and increased coverage of mangrove
with poor condition. However, the increasing coverage of
poor mangrove condition in Demak Regency was
contributed by new mangrove while in Semarang city was
contributed by degraded mangrove.

Statistical analysis was conducted through Chi-
square test. Analysis was conducted to compare the
proportion of mangrove condition between years both for
cumulative coverage and partial coverage for each region.
Chi-square analysis on the cumulative coverage of
mangrove between years showed that there was
significant difference of mangrove conditions in 2011 and
2016. Mangrove coverage which has good condition was
increased from 47.1-55.7%, represents the coverage
increase from 2.015-2.741 ha. Mangrove with moderate
condition was decreased from 1.536-977 ha, represents the
proportion of 35.9 and 19.9%. While the proportion of
mangrove with poor condition was increased from
16.9-24 4% which represents the increase of coverage
from 724-1.203 ha. Chi-square analysis resulted +2 value
of 310.387 and probability of 0.000 which indicates that
the coverage of mangrove of 2011 and 2016 was
significantly different.

Analysis on the mangrove coverage in Semarang
showed that the change of mangrove condition was
significant. Mangrove with good condition increased from
1.2-82.9% within 5 vears including the coverage increase
from 4-271 ha. The increase of good mangrove coverage
seems to be the shift of moderately damaged mangrove
which was decreased from 95.4% to only 8.3% which
represents the coverage of 310-27 ha. Unfortunately, there
was also a decrease of mangrove condition from moderate
to poor as shown by the proportion of poor mangrove
condition from 3.4-8.9% which represents the coverage or
11 and 29 ha. Statistical analysis resulted +2 value of
504.984 and probability of 0.000 mdicating the significant
change of degradation level.

The change of mangrove condition in Demak
Regency was also significant. The statistical analysis
showed the result of +2 value of 146.941 with probability
of 0.000. Thus, the proportion of each damage level has
changed significantly. The coverage of mangrove with
good condition was increased from 2.011-2.470 ha which
represents the proportion of 509 and 53.8%. The
coverage with moderate damage was decreased from
31.0-20.7% which represents the coverage of 1.226 ha and
950 ha while the poor mangrove condition was increased
from 713-1.174 ha which represents the proportion of 18.1
and 25.6%.

Table 1: Change of mangrove coverage in Semarang city and Demak Regency between 2011 and 2016

Demak Regency Semarang city
Mangrove condition 2011 2016 Change Percent change 2011 2016 Change Percent change
Good 2,011.0 2,470.0 459.0 4.000 270.3 266.3 81.9
Moderate 1,226.0 950.0 -276.0 310.0 26.40 -283.6 -87.3
Poor 713.0 1,174.0 461.0 11.00 28.30 17.3 5.3
Total 3,950.0 4,594.0 644.0 325.0 325.0 0.0 0.0

Statistik Kelautan, Pesisir dan Pulau-Pulau Kecil, Fisheries and Marine Services of Central Java (2011, 2016)
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According to the result, the condition of mangrove
coverage in Semarang city and Demak Regency was
considered as improved, since, large proportion of
mangrove with moderate condition shifted inte good
condition during 2011 and 2016. Moreover, there was an
increase in total coverage of mangrove in Demak Regency
which shows that rehabilitation of mangrove is still on
progress. Unfortunately, the coverage of mangrove in
Semarang city was static.

The change of mangrove coverage as well as its
degradation levels could be caused by various factors
such as the impact of sea level rise (Marfai, 2014) or
intended clearing for settlement or fishpond (Rasyid et al.,
2016). However, removal of mangrove is also frequently
occurred to provide space for tourism and fishing
activities (Dencer-Brown et al., 2018).

The loss of mangrove forest in Demak particularly
within the last decade was caused by sea level rise
(Marfai, 2014). However, human intervention also has
sigmficant contribution to the degradation of mangrove
forest in Demak. Massive conversion of mangrove to
shrimp ponds was the main factor which caused
significant reduction of mangrove coverage (Abdul ef al.,
2012). However, the development of commercial port in
Semarang city also has the significant contribution which
emphasized the mangrove destruction due to the change
of tidal current. The combination of mangrove removal
and the change of the pattern of longshore current in
Demak Regency caused the increase of coastal erosion
rates. Further, impact was increased inundation and the
change of coastline.

Conversion of mangrove forest to another utilization
such as fishpond and settlement had been occurred for
decades (Rasyid ef af., 2016). The impact is the decreased
mangrove coverage along with the increasing coverage of
fishpond and settlement. However, the conversion which
is motivated by economic objectives seems to be more
dominant. The growth of human population is generally
slow, thus, the conversion rate was low. But the interest
in mangrove utilization for economic related activities is
several fold (Rasyid et al., 2016).

The degradation of mangrove forest in Semarang city
was dominated as the impact of environmental change.
Increasing coastal erosion, sea level rise and land
subsidence were considered as the main factor affecting
the degradation of coastal area (Hartati et al., 2016).
Increased environmental stress in the coastal area of
Semarang city was considered as the impact of increasing
coastal and upland development. Thus, the ecological
balance is disturbed.

The natural expansion of mangrove forest occurred
due to the increased sedimentation in the estuaries

(Dencer-Brown et al., 2018). The accumulated sediment
improves the chance for mangrove seedlings to settle
down and established. Thus, little by lttle mangrove
moves forward to the sea. However, the expansion rate
varies between regions due to the difference of sediment
balance (erosion-sedimentation).

Increased mangrove coverage n Demak Regency 1s
supported by its environmental condition. Semarang city
only has the coastline of 45.72 km (Supriharyono and
Agus, 2013) while Demak Regency has the length of
57.8 km (Laksmi et al., 2015). Thus, there is significant
difference in the length of coastline in Semarang and
Demak. Moreover, the land-use mn the coastal area of
Semarang city is dominated with industries and
settlements while Demalk 1s dommated by mundated area
due to massive erosion of the previous decades. Thus,
the chance of mangrove expansion 1s better in Demak
Regency.

The static mangrove coverage in Semarang city 1s
considered as the impact of limited available coastal area.
However, the improvement of mangrove condition should
improve the environmental services it provides. Thus,
improvement on the mangrove cuality is preferred than
trying to expand the mangrove area. Ecosystem
maintenance is also important for mangrove forest in
Semarang city, since, the pressure from industrial and
anthropological activities keeps increasing. Without
appropriate maintenance effort, the ecosystem would be
more vulnerable to degradation.

Due to the massive destruction of mangrove forest in
Semarang city and Demak Regency, various effort has
been conducted to recover mangrove coverage. Planting
of mangrove trees has been conducted for years. In
Demak, planting is supported by NGO OISCA. The
impact of the activity includes the improvement of
mangrove condition and expanded mangrove coverage.
However, the main purpose of the replanting activity is
emphasized to recover lost mangrove area.

Mangrove replanting is also conducted in the coastal
area of Semarang city. However, the replanting activity in
Semarang is proposed to reduce the ecological impact of
industrial and anthropogenic activities (Hartati ez al.,
2016). Unfortunately, since, the coastal area of Semarang
city 13 mostly allocated as industrial area, the available
space for mangrove planting is limited.

In order to improve the effectiveness of mangrove
planting, another efforts are conducted mn both regions.
The developments of breakwaters are applied to reduce
sediment dynamic in the coastal area (Hartati et al., 2016,
Putri and Muskananfola, 2014). Thus, the accumulation
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rate of the sediment could be increased, providing space
for mangrove settlements. The application of breakwaters
in both regions seems to be effective n reducing coastal
abrasion and increasing sedimentation.

Increased mangrove coverage in both regions should
mnprove the coastal environment quality and services
(Quim et af, 2017). The mprovement of mangrove
ecosystem should also improve the
biodiversity both in the terrestrial and coastal water
(Dencer-Brown et al., 2018). Mangrove provides various
services to the coastal ecosystem including the protection
against flood and storm, control the flow and sediment
transport, maintaimng water quality, provide nutrient

condition

pool, habitat and nursery area for plants and animals,
source of biodiversity, ete., (Salem and Mercer, 2012).
Thus, mcreasing mangrove coverage means that the
services 1t provides would be emphasized.

Fisheries 1s one of the most affected sector due
to the mmprovement of mangrove quality m the
coastal Mangrove supports  the
abundance and biodiversity of fish in the coastal area.
Thus, the potential of utilization is as well increased.
However, Demak Regency had the wider mangrove
coverage as well as the improved mangrove coverage.
Thus, the potential of mangrove in supporting fisheries

area. ecosystem

resources should be greater than Semarang city. In the
meanwhile, even though there was an improvement of
mangrove condition in Semarang city but the total
coverage was static wlich indicates that the potential 1s
limited as well.

Economically, improvement of mangrove quality can
increase the income of fishermen (Herwindya and HS,
2014). The economic benefits are not only considered as
economic income to the fishermen but also the reduction
of maintenance cost of the environment and reduction of
fishing costs. In this case, economic benefit is achieved
ecological impact of mangrove.

Even though curent conditions of mangrove
ecosystem m Semarang city and Demak Regency 1s
mnproved but the threat still remains. Mangrove
ecosystemn 18 vulnerable to conflict of interest. Many
stakeholders are trying to get involved in the utilization or
exploitation of mangrove ecosystem. Thus, management
policy plays important role in the management and
maintenance of mangrove sustainability (Ferreira and
Lacerda, 2016).

The improvement in mangrove coverage as well as its
quality is required to prevent the damage of the coastal
ecosystem (Marfai, 2014). However, the application
should consider some other factor such as the coastal
ecology and the land land use. Moreover, the same

management strategy may have different impact on the
mangrove rehabilitation. Thus, different region may
require different policy on the management of coastal
area.

The condition of mangrove forest including the health
and coverage should be momtored continuously to keep
the track of mangrove changes (Cummings and Shah,
2018). Potential threat should be identified as well, both
major and minor threat (Manjari and Aswin, 2016).
Compared to the anthropogenic umpacts, the sea level rise
is considered to have minor impact on mangrove
ecosystem. The major threats include the conversion of
mangrove forest for agriculture and aquaculture
purposes. Thus, the utilization of coastal area should be
well regulated. Otherwise, repeated history may occur
where the loss of mangrove coverage caused multiplied
multi-sector impact on the coastal area. However,
anthropogenic activity also causes the increase of
pollution and siltation which is considered as more
threatening (Saha et al., 2017). Now a days, another threat
arises due to the utilization of mangrove as tourism
interest. Mangrove tours causes the destruction of
mangrove area including the activity of wood cutting and
development of tourism facilities (Nagi and Abubakr,
2013).

The management of mangrove forest should involve
the participation of local community, since, it is the most
dominant stakeholder which receive benefit from the
recovered ecosystem (Agungguratno and Darwanto,
2017). Generally, the awareness of coastal community on
the importance of mangrove ecosystem is low. Some of
them considered the participation as commercial service.
They do not will to participate unless they get paid. Thus,
the participation of local community is considered as
complex path way in the management of mangrove forest.
The low participation could be caused by community’s
lack of knowledge concerming the economic benefit of
mangrove (Abdullah et al, 2014). Thus, education 1s
needed to encourage the community’s knowledge and
participation in the conservation of mangrove ecosystem
(Sawairnathan and Halimoon, 2017).

The exploitation of mangrove ecosystem frequently
arises conflict of interest among sectors. Thus,
conservation is considered to provide more economic
value than destructive exploitation (Lopez-Angarita ef af.,
2016). The actors of mterest of mangrove include: the
government, education institution, fisherman (fisheries),
agriculture, environmentalist, planning and development
agents, tourisms, conservancy and NGOs (Asthing, 2014).
Mangrove ecosystems m Semarang city and Demak
Regency are developed from the replanting activities due
to massive destruction m the previous decades. Thus,
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the compositions of mangrove species are limited. Well
developed mangrove ecosystemn should consist of many
other mangrove species. However, originally there are a
lot of mangrove species in both location. Thus, further
effort should be conducted to improve the diversity of
mangrove species.

CONCLUSION

There was an increase of total mangrove coverage as
much as 16.3% in the coastal area of Demak Regency
between 2011 and 2016 while the coverage in Semarang
city was static. Generally, mangrove with moderate
condition shifted to goed condition both in Semarang and
Demak, however, mn Semarang city there was also
degradation of mangrove coverage from moderate to poor
condition even though the proportion was small. The
proportions of mangrove conditions were significantly
different. In Demak, the change was contributed by the
shift of mangrove from moderate to good condition which
caused the decrease of the proportion of mangrove with
moderate condition while the mcrease of mangrove
proportion with poor condition was contributed by new
coverages. In Semarang, significant shift occurred from
mangrove with moderate condition which was dominating
to mangrove with good condition. Proposed management
of mangrove ecosystem in Demak Regency 1s to improve
the coverage as well as the condition of mangrove whule
in Semarang city, since, the area is limited the existing
coverage should be optimized.
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