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ABSTRACT

The results of the GSCA show that the Bruguiera gymnorhiza mangrove forest is an alternative source of
food for local people that can be mixed with rice, and made various kinds of food diversification. The NDVI
results show that the mangrove density with the dominance of Bruguiera gymnorhiza species needs to be
rehabilitated and restored to increase its density and density. Considering that the location of the mangrove
forests in the two research villages is in water areas, it is necessary to have a policy to convert rice fields
back to the growth of mangrove land. The policy of the Lamongan district government which is contained
in the strategic plan policy to optimize coastal land into the development of residential areas, industrial
areas need to be updated and revised into protected areas. Mangrove forest areas are managed for the use
of mangrove forests as an alternative to food by dividing the area into a no-take zone and a limited economic
area that can only be used as a food source area for the community.
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Introduction

Research by Setijawati et al. (2020) indicated that the
mangrove buguiera gymnorrhiza can be used as a
food source because it contains carbohydrates that
are soluble in water. Among the many mangrove
fruits suitable for exploitation as a new local food
source is the Bruguiera gymnorrhiza species. This is
because this species contains very high carbohy-
drates. Besides that, the mangrove ecosystem has
economic benefits, namely wood and non-timber

products. For example, brackish water cultivation,
shrimp ponds, tourism. Ecological benefits in the
form of protection for terrestrial and marine ecosys-
tems, namely by being a barrier to abrasion and ero-
sion of waves or strong winds. Ecosystem plays a
role in stabilizing coastal ecosystems both physically
and biologically (Bandaranayke, 2002). Dyah et al.
(2020) stated thatthe calorific value of the fruit flour
of Bruguiera gymnorrhiza is 365.63 kcal/100 g. The
nutritional value of Bruguiera gymnorrhiza wet
noodles showed a very significant difference in wa-
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ter content, protein, fat, ash, carbohydrates and
crude fiber. However, the caloric value showed no
significant difference. The results of the organolep-
tic test on the four test parameters showed a de-
creasing value along with the increase in substitu-
tion of Bruguiera gymnorrhiza flour. The most pre-
ferred treatment is the substitution of 20% Bruguiera
gymnorrhiza flour. Coastal communities have long
used mangrove forests to fulfill their daily lives, es-
pecially for food and medicine. The types of man-
groves used vary widely, including major man-
groves, minor mangroves, and associated man-
groves. However, what type of mangrove has the
most potential is not mentioned. Unfortunately, the
community uses the mangrove forest incorrectly,
that is, the trees are cut down to be converted into
ponds, residential areas, trade areas, and industrial
areas. Even though the benefits of mangrove forests
are multi-use  (Kusuma, 2018). The impact that oc-
curs due to the conversion of mangrove land causes
damage to coastal areas. Stevenson (1997) stated
that efforts to rehabilitate mangroves in abandoned
ponds in coastal areas of Indonesia began in the
1990s. However, replanting seedlings with a single
mangrove species became the most popular option
in Indonesia at that time (Field, 1999; Kamali and
Hashim, 2011; Kusmana 2017; Djamaluddin et al.
2018). This is a reasonable choice because rehabilita-
tion efforts are usually time constrained and require
large amounts of funds that only donor countries

can provide.According to Brown et al. (2014) many
efforts to rehabilitate mangroves in Indonesia have
failed, and the main factor is the misconception that
mangrove rehabilitation can be carried out using
only Rhizophora seeds. Furthermore, Muhammad
Ilman et al. (2016) stated that the degradation of
coastal areas in Indonesia began with the develop-
ment of ponds for brackish water shrimp farming.
Besides that, mangrove wood is also used for vari-
ous kinds of community needs. As a result, it is es-
timated that the area of mangrove forests in Indone-
sia that has been lost is more than 200,000 hectares.
The shrinkage of the mangrove forest area is increas-
ing when land conversion shifts from Java and
Sumatra to outside Java such as Kalimantan and
Sulawesi. According to

Bayu et al. (2021) refer to FAO (2007) that Indone-
sia, mangrove area has declined at a rate of 1.24%
per year, from 4.2 Mha in 1980 to 2.9 Mha in 2005.
The last estimates indicate that Indonesia’s remain-
ing mangrove area is approximately 3.1 Mha (Giri et
al., 2010).

Until now, the process of land conversion contin-
ues. Like in Lamongan Regency, East Java province.
The damage to mangrove forests in this area is also
intensive, but some areas are also undergoing re-
pairs. The consequences of mangrove degradation
affect service functions and reduce benefits for the
community, because the ability of mangroves to pre-
vent waves and wind and abrasion is greatly re-

Fig. 1. Map of Lamongan regency in East Java
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duced (Laura et al., 2018; Spalding et al., 2014).

Materials and Methods

The Study area

Lamongan regency is located 6º51’54'’ to 7º23’6'’
south latitude and between 112º4’41'’ to 112º33’12'’
east longitude. Based on its geographical position,
Lamongan has boundaries: In the north it is bor-
dered by the Java Sea; to the south, it is bordered by
Jombang and Mojokerto Regencies; in the west it is
bordered by the regencies of Bojonegoro and Tuban;
the east is bordered by Gresik Regency. Lamongan
Regency has an area of approximately 1,812.8 km2 or
+3.78% of the total area of East Java Province. With
a coastline of 47 km, the sea area of Lamongan Re-
gency is 902.4 km2, when calculated 12 miles from
sea level (Central Bureau of Statistics, 2020).

Study area

Based on the East Java provincial government (2017)
that the priority issues formulated by the East Java
provincial government and the Lamongan district
government are land use change and forest degra-
dation.

Forest damage in Lamongan Regency in 2016 was
528 Ha. The main causes of forest destruction in
Lamongan Regency are tree theft and forest fires.

The area of  forest damage in 2016 increased from
197.6 Ha to 330.4 Ha (Lamongan Regency Govern-
ment, 2016). The theft of trees in 2016 occurred in a
forest area of 340 hectares. with a total of 1,689 trees
stolen. The biggest theft occurred in November 2016.
The loss due to the theft of the tree was estimated at
Rp 1,073,444,000. With the increasing population, it
is predicted that in 2014 there will be 1,348,259
people. Meanwhile, in 2015 there were 1,338,800
people. It is predicted that the percentage of popu-
lation growth in Lamongan Regency will increase by
0.26%. With the population of Lamongan Regency
which has increased and the number of residents is
still high, this has the potential to cause pressure on
the environment due to the activities carried out.

This massive destruction of mangrove forests will
affect the food supply for coastal communities.
Based on interviews, the coastal communities of
Lamongan Regency have long used the Bruguiera
mangrove fruit to mix their daily rice meal. This is
because the need for basic food prices sometimes
soars, so that people depend on this mangrove fruit.
However, recently people have started having diffi-
culty finding bruguiera mangrove fruit as an alter-
native food ingredient.Thus, the conversion of forest
and agricultural land, as well as the frequent occur-
rence of forest fires are the main causes of the in-
creasingly scarce mangrove bruguiera fruit for food
supply.According to Pananto’s research (2007) that

Fig. 2. Measurement of water quality in two villages in Lamongan district
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in the research area in Paciran village and in
Brondong village, the species found included:
Bruguiera gymnorhiza, Rhizophora mucronata,
Ceriops decandra, Aegiceras corniculatum,
Sonneratia alba.

Study Method

To determine the quality of sea water, measure-
ments were made at 4 stations spread across the re-
search area. The measured seawater quality in-
cludes: temperature, salinity, pH. while the mea-
surement of mangrove density using the Decree of
the Minister of the Environment No. 201 of 2004 to
determine the level of density.

NDVI

Normalized Difference Vegetation Index (NDVI) or
Vegetation Index is an optical measurement of the
greenness of the vegetation canopy, composite prop-
erties of leaf chlorophyll, leaf area, structure and
canopy cover of vegetation (Huete et al., 2011). The
vegetation index is used to obtain information on
the density, biomass, and greenness of the vegeta-
tion. The NDVI vegetation index equation follows
the equation (Rouse et al., 1974) as follows:

NIR – Red
NIR =

NIR + Red

NIR = Near-Infrared (Infrared Channel)
Red = Red (Red Channel)

Use of remote sensing imagery to estimate man-
grove cover and density. Extraction of information
on the area and density of mangroves from remote
sensing images is carried out in 3 stages, namely
pre-image processing, image processing and post-
image processing. In the image pre-processing stage,
geometric and radiometric corrections are per-
formed. Geometric correction is the correcting of the
position of the image to match the actual coordi-
nates on the face of the earth, while radiometric cor-
rection is the correction of the pixel values contained
in the image so that it is free from bias that results in
quantitative interpretation errors (Yudo and Farda,
2013).

In this study, geometric correction was not car-
ried out in detail because the image used had been
systematically corrected geometrically from the im-
age data provider (vendor). This will be proven by
overlaying the image on data in shapefile format
(*.shp). If the image data has shown the suitability of

the patching location, it can be said that the image
has been geometrically corrected enough. In addi-
tion, checking the RMS Error value contained in the
metadata is also carried out to ensure the geometric
level of the image.

Radiometric correction is performed by convert-
ing pixel values from DN (Digital Number) format
to reflectance values using the following formula:

‘ = MQcal + Añ

Remarks:
rl  = TOA planetary reflectance, without correction

for solar angle.
Mr = Band-specific multiplicative rescaling factor

from the metadata
Ar = Band-specific additive rescaling factor from

the metadata
Qcal = Quantized and calibrated standard product pixel

values (DN)

GSCA

Meanwhile, to map the aspirations and assessment
of the community regarding the existence of the
Bruguiera gymnorrhiza mangrove species, it will be
carried out using the GSCA model by taking 55 re-
spondent as shown tabel below:

Table 1. Number and types of Respondents

No Type of Respondents Paciran Labuhan
Lamongan Regency Village Village

1. Local People 15 15
2. Local Government 11 5
3. Private Sector 5 4

 T o t a l 31 24

GSCA modeling is done by assessing the suitabil-
ity of the measurement model (outer model). Con-
vergent validity is assessed based on the value of the
loading factor of each indicator forming the latent
construct. A latent construct is valid or good if the
estimated loading factor value is more than 0.5
(Ghozali, 2013). Discriminant validity is assessed by
comparing the value of each latent construct with
the correlation between the relevant variable and
other variables in the model. If the AVE square root
value of each variable is greater than the correlation
value between the variables and other variables in
the model, it can be said to have a good discriminant
validity value (Ghozali, 2013). Here’s the formula
for calculating AVE:
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j=1
h cij

2

AVE =
j=1

h  cij
2 + j=1

h (1–cij
2)

Composite reliability measuring a latent con-
struct can be evaluated with two kinds of measures,
namely internal consistency and cronbach alpha.
The recommended composite reliability value is
greater than or equal to 0.7. Composite reliability
can be calculated by the formula:

j=1
h cij

)2

pc =
j=1

h  cij)
2 + j=1

h (1–cij
2)

In addition to looking at the value of pc, compos-
ite reliability can be done through hypothesis test-
ing. The indicator is declared valid if the loading
value has a significant CR value. The test is carried
out as follows: Hypohesis:

H0: cij = 0, i.e. loading indicator is not reliable
H1: cij 0, i.e. loading of reliable indicators Test sta-

tistics:
H0 is rejected if the value of |CRl| 2.0 with an

error rate of means the estimated loading value of
each reliable indicator.

Structural model fit (inner model)

Structural model was evaluated by parameter sig-
nificance test and R-square value. Parameter signifi-
cance test is used to determine whether the coeffi-
cients of each exogenous variable significantly affect
or not. Testing the significance of the parameters as
follows:

Hypothesis: H0: = 0, that is the parameter coeffi-
cient is not significant

H1: 0, that is, the parameter coefficient is signifi-
cant. Test statistics:

biCRb =
SE (bi)

Test Criteria

H0 is rejected if the value of |CRb| 2.0 with an er-
ror rate of means the parameter coefficient is signifi-
cant.

The R-square value is the square of the correla-
tion that explains the proportion of variance in the
endogenous variables described by the model
(Hwang et al., 2004). The R-square formula is as fol-
lows:

Test Criteria

H0 is rejected if the value of |CRb| 2.0 with an er-
ror rate of means the parameter coefficient is signifi-
cant.

The R-square value is the square of the correla-
tion that explains the proportion of variance in the
endogenous variables described by the model
(Hwang et al., 2004). The R-square formula is as fol-
lows:

where, R2 is the R-square value, ei is the residual
value of the i-th respondent and n is the number of
data.

Overall goodness of fit

FIT is the proportion of the total variance of all en-
dogenous variables described by a particular model
(Hwang et al., 2004). FIT is used to explain the mis-
match between the model and the data. The value
ranges from 0 to 1 where the greater the FIT value,

Table 2. The results of water quality measurements can be shown in the table below.

Station Plot Longitude Latitude Temperatur Salinity pH

Station 1 Plot 1 112°19’40.05"E 6°51’50.98"S 25.3 31.4 7.3
Plot 2 112°19’39.45"E 6°51’50.99"S 24.6 33.5 7.2
Plot 3 112°19’37.83"E 6°51’51.56"S 25.6 32.3 7.3

Station 2 Plot 1 112°19’27.23"E 6°51’54.51"S 26 33.3 7.1
Plot 2 112°19’25.51"E 6°51’54.30"S 25.5 33 7.0
Plot 3 112°19’24.57"E 6°51’54.33"S 25.3 34.3 7.0

Stasiun 3 Plot 1 112°14’15.21"E 6°52’20.86"S 25 35.3 7.0
Plot 2 112°14’14.64"E 6°52’21.52"S 25.2 35 7.1
Plot 3 112°14’13.69"E 6°52’21.73"S 25.6 32.6 7.1

Stasiun 4 Plot 1 112°13’59.68"E 6°52’24.00"S 24.6 35 7.2
Plot 2 112°13’58.92"E 6°52’24.45"S 25.3 34 7.1
Plot 3 112°13’58.32"E 6°52’25.00"S 25.5 33.3 7.2
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Table 5. Labuhan Village Mangrove Density Area Based on the NDVI algorithm

Year Mangrove Density (Ha) Labuhan Village Total Wide
Rare Density Medium Density High Density

2015 6,55 3,14 23,3 32,99
2020 6,31 1,95 26,5 34,76

Table 3. Mangrove Density Measurement Results in the Study Area

Station Spesies Density (ind/ha) Total
Tree saplings Seedling (Ind/ha)

1 Bruguiera gymnorhiza 256 169 0 1065
Rhizophora mucronata 198 142 0
Ceriops decandra 54 77 0
Aegiceras corniculatum 71 91 0

2 Sonneratia alba 333 98 0 1237
Bruguiera gymnorhiza 267 83 0
Aegiceras corniculatum 89 101 0

3 Rhizophora mucronata 565 76 0 1461
Bruguiera gymnorhiza 754 66 0

4 Bruguiera gymnorhiza 676 112 0 2384
Rhizophora mucronata 333 66 0
Sonneratia alba 654 543 0

Table 4. Mangrove dominance index in the Study Area

No Types of mangrove Paciran Village Labuhan Village
Dominance Dominance Dominance Dominance

Relative Relatif

1. Bruguiera gymnorhiza 10186.15 59.48 6997.69 37.60
2. Rhizophora mucronata 1696.82 9.91 9415.92 50.60
3. Ceriops decandra 184.16 1.08 23.01 0.12
4. Aegiceras corniculatum 2416.56 14.11 0.00 0.00
5. Sonneratia alba 2641.72 15.43 2173.17 11.68

T o t a l 17125.40 100 18609.79299 100

Fig. 3. NDVI Mangove Labuhan Map year 2015 Fig. 4. NDVI Mangove Labuhan Map year 2020

the better the resulting model. The FIT measurement
is a function of the sum of the squared residues be-
tween the model and the data. The FIT value is in-
fluenced by the complexity of the model, namely the
more parameters, the greater the FIT value. The FIT

value is very sensitive to the complexity of the
model, so it is necessary to look at the adjusted FIT
(AFIT) value. AFIT is used to compare models. Ac-
cording to Hwang and Takane (2004), the model
that maximizes AFIT can be considered the best
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model. The GFI value indicates the level of fit of the
model estimate. According to Ghozali (2013), a good
GFI score is more than 90%.

Results

The results of water quality measurements in Table
2 shows that the waters of Paciran and Labuhan vil-
lages are still not heavily polluted, and the condi-

Fig. 5. Comparison of the Mangrove Density Area of
Labuhan Village in 2015 and 2020

Fig. 6. NDVI Mangove Paciran Map year 2015

Fig. 7. NDVI Mangove Paciran Map year 20120

Fig. 6. Comparison of the Mangrove Density Area of
Paciran Village in 2015 and 2020

Fig. 7. GSCA Structural Model

tions for mangrove growth are still possible to grow
well. Wheras, measurement of mangroves in the
field can be shown in Tables 3, 4 below:

NDVI Analysis

The NDVI analysis produced a map of Labuhan Vil-
lage in 2015 and 2020 as shown in Figure 3 and Fig-
ure 4 for Labuhan Village.

Based on Figures 3 and 4, the Mangrove Density
Area of Labuhan Village was then compiled based
on the NDVI algorithm, as shown in Table 5 below.

The NDVI analysis produced a map of Paciran
Village in 2015 and 2020 as shown in Figure 6 and 7
for Paciran Village.

GSCA Analysis

The results of the GSCA analysis include: outer
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Table 7. Objectives and its Variables

No Objectives and its variables

1. Objective 1: Effect of Damage to mangrove ecosystems on food supply
T1.1: The community thinks that coastal damage is more caused by human activities
T1.2: The community agrees to repair the damaged coastal environment by involving the community
T1.3: The community hopes that the government and the community will make improvements based on a clear plan
T1.4: The community hopes that the village government allocates village funds to repair mangrove forests in dam-

aged coastal areas.
T1.5: The community expects the provincial government to provide assistance to the community to carry out coastal

restoration through mentoring funds
T1.6: The community hopes that the use of mangrove forests as an alternative source of food will continue to be a

concern
T1.7: The community hopes that the damage to the mangrove forest will be resolved soon so that the community

can use it as an alternative food source
T1.8: The community observes that mangrove forests can be used as an alternative food source
T1.9: The community agrees that the impact of damage to mangrove forests affects people’s lives, both food and

non-food
2. Objective 2: That the availability of food so far sourced from mangrove forests affects the food availabil-

ity of coastal communities’ households
T2.1: The community hopes to use the mangrove forest as an alternative source of food
T2.2: The community observes that many communities use mangrove forests as an alternative source of food
T2.3: Communities hope to be able to diversify food sourced from mangrove forests
T2.4: The community hopes to provide guidance on the benefits and functions of mangroves as a food source
T2.5: People know that people’s consumption patterns have changed from basic food sources to alternative food

sources
T2.6: The community hopes that the community will immediately provide information to the community when the

community no longer uses the mangrove forest
T2.7: The community hopes that the community will look for alternative food sources other than in the mangrove

forest
T2.8: The community hopes that there is a pattern of using mangrove forests that can and cannot be used, so that

the use of mangrove forests is sustainable
3. Goal 3: Access to food for coastal community households is highly dependent on mangrove forests

T3.1: The community is aware that the condition of the coastal ecosystem in the village has been severely damaged
and will affect the community’s access to use the mangrove forest

T3.2: The community assumes that community access to use the mangrove forest is limited. This is due to the in-
creasing destruction of mangrove forests due to human activities

T3.3: The community thinks that to make it easier for the community to access the use of mangrove forests, it is to
maintain and overcome coastal damage

T3.4: The community assumes that to preserve the coast is not only the duty of the community but also the active
participation of the community

T3.5: Until now, the community does not have guidelines on how to overcome the damage to mangrove forestsT3.6:
Communities need assistance from the Provincial Government to repair damaged mangrove forests so that
they can recover

T3.7: The community hopes that education on preserving mangrove forests needs to be taught in schools (SD, SMP,
SMA)

T3.8: The community agrees to prepare careful planning for the use of mangrove forests
T3.9: The community agrees to involve the community in managing the mangrove forest

Table 6. Labuhan Village Mangrove Density Area Based on the NDVI algorithm

Year Mangrove Density  (Ha) Paciran Village Total
Rare Density Medium Density High Density Wide

2015 1,6 0,68 5,71 7,99
2020 0,7 1,15 7,14 8,99
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Table 7. Objectives and its Variables

No Objectives and its variables

T3.10: The community is able to provide problem solving to the community if the community has difficulty accessing
food sources in the mangrove forest

T3.11: The community is not able to provide problem solving to the community if the community has difficulty ac-
cessing food sources in the mangrove forest

T3.12: The community encourages the community not to use mangrove forests as an alternative source of food
4. Goal 4: That people’s household food consumption is very dependent on mangrove forests

T4.1: People think that people’s consumption patterns have changed from basic food sources to alternative food
sources

T4.2: The community knows that the expenditure structure of the village community is currently more access to
food sources in the mangrove forest

T4.3: The village government needs to do careful planning to help the community find alternative sources of food,
especially in mangrove forests

T4.4: The village government hopes that the community can use the mangrove forest wisely so that food supply can
continue

T4.5: The community hopes that other sources of financing for coastal ecosystems can come from private CSR (Cor-
porate social responsibility) funds

T4.6: The community hopes that the community itself should manage the mangrove forest through POKMASWAS
T4.7: The community does not yet have a program to repair damaged mangrove forests
T4.8: The community has not thought about other alternative food sources to provide food for the community

model and Inner model and are detailed as
follows:measurement of the model or Outer Model
is done by looking at convergent validity, discrimi-
nant validity, and Internal consistency reliability.

The following are the results of the GeSCA calcu-
lations for Goal 1, goal 2, goal 3, and goal 4
onvergent validity results show that:
Objective 1: That the effect of damage to the man-
grove ecosystem on food supply is real and signifi-
cant at the 95% confidence level.Objective 2: That

the availability of food so far comes from mangrove
forests and affects the food availability of house-
holds in coastal communities is real and significant
at the 95% confidence level.
Objective 3: That the household food access of
coastal communities is highly dependent on man-
grove forests is real and significant at the 95% con-
fidence level.
Objective 4: That community household food con-
sumption is highly dependent on mangrove forests
is real and significant at the 95% confidence level.

The test of the inner model is divided into path
coefficients and R square (R2). The results of the in-
ner model test are used to test the research hypoth-
esis. In testing the hypothesis, it is necessary to pay
attention to the value of the path coefficients test.
There are four hypotheses which are described in
the four path coefficients. The following figure
shows the results of the path coefficients test.
Hypothesis 1 (H1): Goal 1 has a significant effect on
Goal 2: Goal 1 (Effect of damage to mangrove eco-
systems on food supply) has a positive and signifi-
cant effect on Goal 2 (that so far the availability of
food sourced from mangrove forests affects house-
hold food availability for coastal communities), so
hypothesis 1 (H1) is accepted.
Hypothesis 2 (H2): Goal 2 has a significant effect on
Goal 3. Goal 2 (That food availability has been

Fig. 8. GSCA Outer Model
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Table 9. Path Coefficient Results

Estimate Std.Error C.R.

T2  T1 0,8664 0,0346 25,0405*
T3  T2 0,8766 0,0334 26,2455*
T4  T3 0,6748 0,084 8,0333*
T4  T1 0,3068 0,0865 3,5468*

Table 8. The Result of outer model for goal 1,2,3 and 4

Variabel Loadings
Estimate Std.Error C.R. 95%CI_LB 95%CI_UB

Objectives1,2,3,4 AVE= 0.7485, Cronbach’s alpha= 0.9579
T1.1 0,8669 0,034 25,4971* 0.7736 0.911
T1.2 0,882 0,0289 30,5190* 0.7932 0.9244
T1.3 0,8521 0,0272 31,3272* 0.7851 0.9053
T1.4 0,8913 0,0291 30,6289* 0.825 0.9356
T1.5 0,8878 0,0193 46,00* 0.8494 0.9253
T1.6 0,827 0,0369 22,4119* 0.757 0.8959
T1.7 0,873 0,0227 38,4581* 0.8273 0.9146
T1.8 0,8008 0,0353 22,6856* 0.7372 0.8704
T1.9 0,9005 0,0223 40,3812* 0.8493 0.9407
T2.1 0,8897 0,0283 31,4382* 0.8246 0.9337
T2.2 0,9045 0,0212 42,6651* 0.8471 0.9417
T2.3 0,8762 0,026 33,70* 0.8179 0.9328
T2.4 0,8766 0,0328 26,7256* 0.7939 0.9213
T2.5 0,9125 0,024 38,0208* 0.8654 0.9568
T2.6 0,9148 0,0232 39,4310* 0.8627 0.9548
T2.7 0,8806 0,0287 30,6829* 0.8263 0.9363
T2.8 0,8767 0,0396 22,1389* 0.7611 0.9282
T3.1 0,8783 0,0284 30,9261* 0.8087 0.9274
T3.2 0,8139 0,0442 18,4140* 0.696 0.8852
T3.3 0,8298 0,0366 22,6721* 0.7689 0.9004
T3.4 0,8593 0,0336 25,5744* 0.7873 0.9043
T3.5 0,8195 0,0324 25,2932* 0.7503 0.882
T3.6 0,805 0,0338 23,8166* 0.7261 0.8617
T3.7 0,8029 0,0461 17,4165* 0.7065 0.8868
T3.8 0,81 0,0376 21,5426* 0.7212 0.8818
T3.9 0,822 0,0463 17,7538* 0.717 0.8973
T3.10 0,863 0,029 29,7586* 0.8003 0.9156
T3.11 0,902 0,0248 36,3710* 0.8434 0.9455
T3.12 0,8734 0,0324 26,9568* 0.8051 0.9289
T4.1 0,8696 0,0258 33,7054* 0.8199 0.9167
T4.2 0,856 0,0265 32,3019* 0.8103 0.9142
T4.3 0,8714 0,0251 34,7171* 0.8144 0.9172
T4.4 0,8471 0,0256 33,0898* 0.7916 0.8904
T4.5 0,9025 0,016 56,4063* 0.8674 0.9349
T4.6 0,883 0,0215 41,0698* 0.8383 0.9218
T4.7 0,8985 0,0218 41,2156* 0.8505 0.9349
T4.8 0,8955 0,0209 42,8469* 0.8525 0.9314

CR* = significant at 0.05 level

sourced from mangrove forests affects household
food availability for coastal communities) has a posi-
tive and significant effect on Goal 3 (Household

food access for coastal communities is highly depen-
dent on mangrove forests), so hypothesis 2 (H2) is
accepted.Hypothesis 3 (H3): Goal 3 has a significant
effect on Goal 4

Table 10. The Result of R Square

R-squared Values of Endogenous Latent Variables:

T1 0,000
T2 0.7507
T3 0.7684
T4 0.8944
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Goal 3 (Household food access of coastal communi-
ties is highly dependent on mangrove forests) has a
positive and significant effect on Goal 4 (That com-
munity household food consumption is highly de-
pendent on mangrove forests), so hypothesis 3 (H3)
is accepted.Hypothesis 4 (H4): Goal 1 has a signifi-
cant effect on Goal 4. Goal 1 (Effect of Damage to
mangrove ecosystems on food supply) has a positive
and significant effect on Goal 4 (That community
household food consumption is highly dependent
on mangrove forests), so hypothesis 4 (H4) accepted.

Based on Table 10 above, it is known that the R-
square for the variable Objective 2: states that the
availability of food so far sourced from mangrove
forests greatly affects the food availability of coastal
community households by 0.7507. This means that
goal 2 related to the availability of food so far
sourced from mangrove forests greatly affects the
food availability of community households. This is
influenced by Objective 1: The effect of damage to
the mangrove ecosystem on food supply is 75.07%.
While the other 24.93% are influenced by other fac-
tors.

The magnitude of the R-square value for the ob-
jective variable 3 is related to the food access of the
coastal community’s households is highly depen-
dent on the mangrove forest. The value is 0.7684,
which means that Goal 3: Access to food for coastal
community households is highly dependent on
mangrove forests which is influenced by Goal 2:
That food availability so far has been sourced from
mangrove forests affects household food availability
for coastal communities by 76.84%. While the other
23.16% are influenced by other factors.

The magnitude of the R-square value for the goal
variable 4 is 0.8944, which means that Goal 4 is re-
lated to the community’s household food consump-
tion that is highly dependent on mangrove forests.
This is influenced by goal 1, namely the effect of
damage to the mangrove ecosystem on food supply
and goal 3, namely access to food for coastal com-
munity households who are highly dependent on
mangrove forests by 89.44%. While the other 10.56%
is influenced by other factors.Meanwhile, for Objec-
tive 1: The effect of damage to the mangrove ecosys-
tem on food supply is an independent variable that
affects the dependent variable, so it does not have an
R square.

Based on the calculation of the FIT value, the
variables that can explain the model are 0.7355. The
FIT value provides information that the variables in

Goal 1, Goal 2, Goal 3, and Goal 4 can explain the
model by 73.55% and the remaining 26.45% can be
explained by other variables not observed in this
study.While the AFIT value is 0.725. This value is
not much different from the FIT value so that it can
support the conclusion on the FIT value. The AFIT
value provides information that the variables in
Goal 1, Goal 2, Goal 3, and Goal 4 can explain the
model by 72.5%, and the remaining 27.5% can be
explained by other variables not observed in this
study.Wheras, Based on the calculation of the GFI
value of 0.9988 which means that the overall model
is very suitable because the GFI value is above 0.9 or
close to 1.

Discussion

The results of the NDVI analysis stated that
Labuhan village in 2020 had a high density of
Bruguiera gymnorhiza mangroves from Ya’ang
Labuhan beach to the villay Sty group location.
Throughout this area, mangrove forests fortify rice
fields from waves. Based on interviews from local
residents that the expanse of rice fields is the result
of land conversion from mangrove forests. In this
regard, there needs to be a regulation from the local
government not to convert the mangrove forest as a
cultivation area. If the density of the mangrove for-
est cannot be maintained, then the coastal conditions
of Labuhan will be bare from the attack of increas-
ingly high waves due to climate change. Meanwhile,
in Paciran village, mangroves were found, starting
from the border of Paciran village with the port of
Pengkolan, Kandang Semangkon village, continuing
to the Intech seaside facility, Paciran village. In this
area the mangrove forest also has a function to for-
tify rice fields and settlements, but the mangrove
density varies, although from 2015 to 2020 it contin-
ues to shrink.

Based on the GSCA analysis, goal 1, namely the
effect of damage to the mangrove ecosystem on food
supply, has a positive and significant effect on Goal
2, namely that the availability of food so far sourced
from mangrove forests affects the food availability
of coastal communities’ households. Thus, hypoth-
esis 1 (H1) is accepted. Goal 2 related to the avail-
ability of food so far sourced from mangrove forests
affects the food availability of coastal communities’
households. This condition has a very positive and
significant impact on Goal 3, which is related to
household food access, coastal communities are
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very dependent on mangrove forests. Thus hypoth-
esis 2 (H2) is accepted. Goal 3 related to household
food access, coastal communities are very depen-
dent on mangrove forests. This condition has a posi-
tive and significant effect on goal 4, namely that
community household food consumption is highly
dependent on mangrove forests. Thus, hypothesis 3
(H3) is accepted.

Goal 1 is related to the effect of damage to the
mangrove ecosystem on food supply and has a posi-
tive and significant effect on Goal 4, namely that
community household food consumption is highly
dependent on mangrove forests. Thus hypothesis 4
(H4) is accepted.

The prospect of mangrove forests in the future
illustrates that if the policy statement from the re-
gional government is to make the mangrove forest
area a conservation area with a focus on providing
food without damaging the mangroves. However,
with the population of Lamongan Regency increas-
ing, law enforcement becomes a priority.

To develop a strategy for structuring the area, it is
carried out by combining the GSCA and NDVI (See
Figure 9 above) processes related to the manage-
ment of mangrove forests for food sources. The chal-
lenges faced in Paciran and Labuhan villages show
that the management and utilization of mangrove
forests for various anthropogenic activities must be
carried out carefully 2. The initial conditions in the
two coastal village areas show that their ecological
conditions are already on the threshold of an “un-
healthy ecosystem” environment.

Based on the considerations above, the concept of
spatial planning in Labuhan and Paciran villages
is structured as follows

a) Determination plan for the protection of man-
grove forest areas in Lamongan Regency, cover-
ing mangrove forest areas in Brondong District,
covering an area of approximately 12 ha in 2013.
Currently, the results of field measurements in
2020 in Labuhan Village reach an area of 34.76
Ha. While the mangrove forest area in Paciran
District in 2013 was approximately 13 ha. The
results of field measurements of mangrove for-
ests in Paciran Village are 8.99 Ha in 2020. In
this regard, securing local protected areas along
the coast is carried out by maintaining coastal
ecosystems including: mangroves, coral reefs,
seaweed and estuaries;

b) Increasing the economic value of protected ar-
eas through the use of mangrove forests and
coral reefs as a source of fishery economy by
means of environmentally friendly fishing and
supporting sustainability;

c) Making protected areas as tourism objects and
research on coastal ecosystems; and

d) Avoid opening new fishpond areas in man-
grove forests.

Conclusion

The arrangement of mangrove forests in Labuhan
village and Paciran village in Lamongan district us-
ing the GSCA and NDVI approaches shows the fol-
lowing results:

Fig. 9. Model of Mangrove Utilization Strategy Between
conservation and economy

Overall, the analysis of the food needs of coastal
communities on mangroves has a significant effect,
so that if mangrove forests are damaged, it will also
have a significant effect on community food avail-
ability. With the ease with which people use man-
grove forests, the availability of food for the commu-
nity is guaranteed, as an alternative food ingredient.
In this regard, damaged coastal areas must be reha-
bilitated and restored to provide food for the com-
munity. Structuring the mangrove area is a must
and the coastal area of Paciran village and Labuhan
village, Lamongan Regency must be designated as a
conservation area.
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1. The results of the GSCA show that the Bruguiera
gymnorhiza mangrove forest is an alternative
source of food for local people that can be mixed
with rice, and made various kinds of food diver-
sification;

2. The NDVI results show that the mangrove den-
sity with the dominance of Bruguiera gymnorhiza
species needs to be rehabilitated and restored to
increase its density and density. Considering
that the location of the mangrove forests in the
two research villages is in water areas, it is nec-
essary to have a policy to convert rice fields back
to the growth of mangrove land.

3. The policy of the Lamongan district government
which is contained in the strategic plan policy to
optimize coastal land into the development of
residential areas, industrial areas need to be up-
dated and revised into protected areas.

4. Mangrove forest areas are managed for the use
of mangrove forests as an alternative to food by
dividing the area into a no-take zone and a lim-
ited economic area that can only be used as a
food source area for the community.

References

Bayu B. Hanggara, Daniel Murdiyarso, Yessica L. Widha,
Grace Y. Panjaitan and Ali A. Lubis, 2021. Effects of
diverse mangrove management practices on forest
structure, carbon dynamics and sedimentation in
North Sumatra, Indonesia. Estuarine, Coastal and
Shelf Science. 259 : 30 September 2021, 107467. https:/
/www.sciencedirect.com/science/article/pii/
S0272771421003206

Central Bureau of Statistics, 2020. Lamongan Regency in
Figures 2020. Catalog / Catalog: 1102001.3524. ISSN:
0215-5621. https://lamongankab.bps.go.id/

Bandaranayake, W.M. 2002. Bioactivities, Bioactive Com-
pounds and Chemical Constituents of Mangrove
Plants. Wetlands Ecology and Management. 10: 421-
452. http://dx.doi.org/10.1023/A:1021397624349

Brown Ben, Ratna Fadillah, Yusran Nurdin, Iona Soulsby
et Rio Ahmad Gaëll Mainguy (éd.). 2014. CASE
STUDY: Community Based Ecological Mangrove
Rehabilitation (CBEMR) in Indonesia From small
(12-33 ha) to medium scales (400 ha) with pathways
for adoption at larger scales (>5000 ha). Volume 7/
No2-Large-Scale-Restoration. https://
journals.openedition.org/sapiens/1589

Djamaluddin, Rignolda. 2018. Mangrove: Biology,
Ekology, Rehabilitation, and C o n s e r v a t i o n .
Unsrat Press Jl. Kampus Unsrat Bahu Manado
95115. ISBN : 978-602-0752-28-0. 2018

Dyah Ilminingtyas, Diah Kartikawati, Bambang Hermanu.
2020. Diversification of Local Food Sources: Evaluation
of the Nutritional Value and Calorific Value of Bruguiera
Gymnarrhiza Flour and its application to the manufac-
ture of Wet Noodles. The 2nd National Seminar Con-
sortium UNTAG  ISBN : 978-623-96163-3-5. p 138-
149. file:///C:/Users/Toshiba/Downloads/4894-
13852-1-SM.pdf

East Java Province, 2017. Regional Environmental Man-
agement Performance Information Document. East
Java Provincial Environmental Service. East Java
year book. Surabaya

FAO, 2007. The World’s Mangroves 1980–2005. FAO For-
estry Paper, Rome, Italy (2007), p. 153. https://
www.fao.org/publications/card/en/c/880053ed-
9752-5939-b242-35fd7603a2ba/

Field C D. 1999. Rehabilitation of mangrove ecosystems:
An overview. Mar. Pollution Bulletin.1999. 37 383-
392. https://www.sciencedirect.com/science/ar-
ticle/abs/pii/S0025326X9900106X

Giri, C.E., Ochieng, L. L., Tieszen, Z., Zhu, A. Singh, T. and
Loveland,  J. Masek. 2010. Status and distribution of
mangrove forests of the world using earth observa-
tion satellite data. Global Ecology and Biogeografi.

https://doi.org/10.1111/j.1466-8238.2010.00584.x
Ghozali, Imam. 2013. Aplication of  Multivariate with IBM

Program SPSS 21 Update PLS Regression .
Semarang: Badan Penerbit Universitas Diponegoro..
h t t p s : / / m i k r o s k i l . a c . i d / p u s t a k a /
index.php?p=show_detail&id=7026&keywords

Haryono, T. 2004. Mangrove Fruit Chips, Efforts to pre-
serve Forests.Kompas, Selasa 5 Oktober 2004.
https://mangrovemagz.com/2017/04/11/potensi-
buah-mangrove-sebagai-alternatif-sumber-
pangan/

Huete, A., K. Didan, W.V. Leeuwen, T. Miura, and Glenn,
E. 2011. MODIS vegetation indices. Land Remote
Sensing and Global Environmental Change. 26 : 579-602.
doi: 10.1007/978 -1-4419-6749-7_26.https://
www.iai.int/admin/site/sites/default/files/up-
loads/MODISVI_Huete-etal2011book.pdf

Hwang, H. and Takane, Y. 2004. Generalized Structure
Component Analysis. Psychometrika. 69(1) : 81-99.
https://www.researchgate.net/publication/
24063481_Generalized_structured_component_analysis

Yudo Pramono, Nur M. Farda, 2013. Utilization of Multi
Sensor and Multi Resolution Remote Sensing Image
for Vegetation Area Modeling Based on Flow Coef-
ficient Value. Jurnal Bumi Indonesia. 2(4) 2013. http:/
/lib.geo.ugm.ac.id/ojs/index.php/jbi/article/
view/555.

Muhammad Ilman, Paul Dargusch, Peter Dart and
Onrizal. 2016. A historical analysis of the drivers of
loss and degradation of Indonesia’s mangroves.
Journal of Land Use Policy. Elsevier. 54: 448-459.
https://www.sciencedirect.com/science/article/



1170 Eco. Env. & Cons. 28 (3) : 2022

abs/pii/S0264837716302009
Kamali and Hashim 2011..Mangrove restoration without

planting. Ecological Engineering. 2011. 37(2). 387-
391p. https://www.researchgate.net/publication/
229174538_Mangrove_restoration_without_planting

Kusmana, C. 2017. Lesson Learned From Mangrove Reha-
bilitation Program inIndonesia. Journal of Natural
Resources and Environmental Management. 7: 89-97p

Kusmana. 2018. Mangrove plant utilization by local
coastal community in Indonesia.  IOP Conf. Ser.:
Earth Environ. Sci. 196 012028.p 1-9. doi :10.1088/
1755-1315/196/1/012028. https://www.
researchgate.net/ publication/329054264_ Man-
grove_ plant_u tilization_by_local_ coastal_ com-
munity_ in_Indonesia

Laura Carugati,  Beatrice Gatto, Eugenio Rastelli, Marco
Lo Martire, Caterina Coral., Silvestro Greco and
Roberto Danovaro. 2018. Impact of mangrove for-
ests degradation on biodiversity and ecosystem
functioning. Sci Rep. 8 : 13298 (2018). https://
doi.org/10.1038/s41598-018-31683-0

Pananto, Dwi. 2007. Mapping Study of Mangrove Vegetation
in Coastal Lamongan, East Java. Thesis. Brawijaya
University.

Rouse, J.W., Haas, R.H., Schell, J.A. and Deering, D.W.
1974. Monitoring vegetation systems in the Great
Plains with ERTS. Remote Sensing Center, Texas A
and M University, 20 : 309-317. https://
ntrs.nasa.gov/citations/19740022614.

Setijawati and Rudianto, 2020. Utilization of Eucheuma sp,
Mangrove (Bruguiera gymnorrhiza) and Catfish Skin
Modified Fish Protein (Pangasius sp) as Composite
Edible Flim Bioproducts. Brawijaya University.
Unpublished

Spalding, M., McIvor, A., Tonneijck, F.H., Tol, S. and van
Eijk, P. 2014. Mangroves for coastal defence. Guide-
lines for Coastal Managers & Policy Makers. Published
by Wetlands International and The Nature Conser-
vancy. 42 p.

Stevenson, N.J. 1997. Disused shrimp ponds: Options for
redevelopment of mangroves Coast. 1997. Manag.
25: 425-35.


