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Abstract. The existence of mangrove ecosystems has been closely associated with the level of fishery
production. This is primarily attributed to the role of mangrove as spawning grounds, feeding grounds
and nursery grounds for fishery. The changing conditions of mangrove ecosystem in a given area is
expected to impact the extent and quantity of fishery production in that area. The objective of this
research study is to determine the influential factors towards the change of mangrove cover as well as
the production of demersal fish in Maumere Bay of Sikka Regency of East Nusa Tenggara Province,
Indonesia, which makes it necessary to undertake the analysis using appropriate methods. Some
methods used in this process are spatial analysis, statistical regression and analytical hierarchy process.
The results of spatial analysis of the Landsat 5, Landsat ETM 7 and Landsat 8 to the mangrove
ecosystems within the Maumere Bay of Sikka Regency, East Nusa Tenggara Province of Indonesia over a
25-year period (year 1991-2016) signify the fluctuating changes, including the area of mangrove cover
(hectare) and the classes of density of mangrove cover (low class, middle class, high class). Meanwhile,
the analysis of statistical regression conducted on the area of mangrove cover and the classes of density
of mangrove cover against the total production of demersal fish found a significant correlation. In
addition, the data analyzed using Analytical Hierarchy Process suggests that the factors which have the
strongest influence on the decline of mangrove cover and demersal fish production in Maumere Bay are
the tsunami and the tectonic earthquake which occurred on December 12" 1992. On the other hand,
there is another key determinant of increasing mangrove cover and demersal fish production in the
Maumere Bay: natural environmental factor (without any pressure from human activities).

Key Words: changing of mangrove cover, demersal fish production, spatial analysis for mangrove cover,
Maumere Bay, Indonesia.

Introduction. The mangrove ecosystem is one of the coastal ecosystems beside coral
reefs and seagrass. Ecologically, mangrove forest maintains the stability or balance of
ecosystems and nutrient sources. Mangrove ecosystems are increasingly recognized as
providing many ecosystem services (Lugendo et al 2007; Nagelkerken 2009; Vo et al
2012) in particular with respect to fisheries production (Aburto-Oropeza et al 2008;
Carrasquilla-Henao et al 2013; Saenger et al 2013). Mangroves have a function as
spawning grounds, feeding grounds and nursery grounds for many species. It also is
important for both commercial and subsistence fisheries, including finfish, shellfish and
crustacean (Hutchison et al 2014). Mangrove ecosystem area can also be utilized as an
area of fish and prawn culture, fishing, and other ecosystem services (Saru 2013).

Nowadays, climate change was an environmental issue. Mangrove forest is one of
aquatic ecosystem that could contribute to climate change mitigation in particular for a
carbon sink (Murray & Vegh 2012; Camp et al 2016; Alongi 2015) and adaptation, e.g.
protection from sea level rise and storm damage (Spalding et al 2014).

Although there were several studies of fisheries benefits of mangrove forests
(Kathiresan 2012; Lebata et al 2012), there were limited studies related to ecosystem
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services of mangrove contributions to fisheries (Lee et al 2014). There is a lack of
information regarding this issue, but on the other hand, Indonesia is the heart of the
tropical Indo-Pacific Coral Triangle Biodiversity including the centre of mangrove
biodiversity (Fernandes et al 2012; Alongi 2015). In this context, it is important to
evaluate and quantify the direct contribution of mangrove forests to fisheries. The
changes that occurred in mangrove ecosystems, such as increasing and decreasing
mangrove cover, will affect the increasing or decreasing the fisheries production in
coastal areas.

The linkage between mangroves existence with fisheries production was
previously proven by some researchers. The strong influence of a mangrove ecosystem
on fisheries production was demonstrated in North-eastern Australia, especially species
associated with mangrove such as banana prawns (Penaeus merguiensis), mud-crab
(Scylla serrata), barramundi (Lates calcarifer), as well as some species of estuary
(Penaeus esculentus, Penaeus semisulcatus, Portunus pelagicus, Eleutheronema
tetradactylum) (Manson et al 2005).

There was also a strong correlation between mangrove forest and artisanal fishery
in the southern part of the Gulf of California, Mexico (Carrasquilla-Henao et al 2013).
According to the research on the Gulf of California, the migrations of fish have a highly
positive correlation with the abundance of local mangroves (Aburto-Oropeza et al 2008).
The productivity of fish from mangroves tends to be the highest where mangrove
productivity is high (Hutchison et al 2014). Mangroves also became the habitat and the
reproduction area of some faunas within Indonesia, such as; Gastropod class, Crustacea,
Bivalvia, Hirundine, Polychaeta and Amphibia. In addition, various types of fauna were
supporting the life of biodiversity, despite its functions as herbivore that consumed the
organic material such as detritus; some of these fauna continue to behave as the first
decomposer (Arief 2003).

Based on the aforementioned explanation, it can be concluded that the condition
of mangrove ecosystem, such as mangrove cover and mangrove density class, will affect
the production of coastal fisheries. In order to ensure a sustainable management of
coastal fisheries, the recommended approach is that of sustainable management of
mangrove ecosystem. Therefore, the identification and analyzes of the influential factors
of the mangrove cover changes as well as the production of demersal fish are expected
to provide vital solutions concerning the problems of coastal fisheries management in the
Maumere Bay of Sikka Regency, East Nusa Tenggara Province, Indonesia.

The aims of this research are to ascertain the correlation between the spatial data
of mangrove cover, and density of mangrove cover, using statistical data of the
production of demersal fish, as well as to analyze the influential factors that affect the
change of mangrove cover and the production of demersal fish over a period of 25 years
from 1991 to 2016 in the Maumere Bay area of Sikka Regency of East Nusa Tenggara
Province, Indonesia.

Material and Method

Study sites. The research location is in the Maumere Bay of Sikka Regency, East Nusa
Tenggara Province of Indonesia. Sikka regency is located in the central part of Flores
island in the following positions: at Latitude: 8°44'57” S and Longitude: 122°11'45" E.
Maumere Town is the capital city of Sikka Regency (Figure 1). Maumere bay has four
centre areas of mangrove, i.e. western area of Sikka Regency, Kampung Garam and
surrounding areas, eastern area of Sikka Regency, and the small islands of Sikka
Regency.

The total area of Sikka Regency is 7,553.24 kmZ2; this consists of mainland
covering an area of 1731.91 km?in additon to a sea area of 5,821.33 km?. Sikka Regency
has 17 small islands located on the north coastal area in Maumere Bay and one island on
the south coastal area. Additionally, Sikka Regency has a long coastal-line spanning
444.5 kms (Fisheries Agency of Sikka Regency 2017).

Geologically, Sikka Regency is categorized as an unstable area since there are
seven active fault lines. Among these fracture lines include two lines that have a direct
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connection with the fault lines in East Flores region (Gumilang et al 2013). The
movement of soil occurring in Sikka Regency was mainly caused by an earth quake that
reached 6.8 on the Richter scale on December 12" 1992 (Wahyono & Purnomo 1994).
According to Research and Development Center of Geology in Gumilang et al (2013),
Flores island is prone to earth quakes, particularly in areas passed by fractures. The
occurrence of earth quake triggered a tsunami tidal wave within the waters. Based on the
spread of epicenter and earth quake strength in Sikka Regency, the possible tsunami-
affected areas such as the north coast (Maumere Bay) and a small part in the southern
coast.

122°0'0"E 122°10'0"E 122°20'0"E 122°30'0"E 122°40'0"E

The Location of Maumere Bay,
Sikka Regency, East Nusa Tenggara
Province, Indonesia

Insert of Map

= 100P0E  NIGOE  APWE  130PUE  1000E

WOYE  BODOE  CA0D0E 13UOE  MEU0E

| 1ZDOE 1217200, 122'400'T , 124P0°C | 125300

Tzt TR 122 00T e 0T | 125 dn

Legend
Administration Border

== = = mRegency Border
== = = = District Border
Coastal Line

Map Sources

1. RBI Digital Map. Scale Map. 1:50,000 Year 2003
2Vilage Digital Map, Year 2011

3. Sattelite Images Landsat 8 Acquired 2017

122°00"E 122°10'0"E 122°20'0"E 122°30'0"E 122°40'0"E

Figure 1. Study sites map.

Data collection procedures

Satellite images data. The images for spatial data analysis were obtained using satellite
images Landsat 5, Landsat ETM 7 and Landsat 8; these were acquired from the US
Geological Survey (USGS) which recorded the condition of the study area. All the images
related to 1991, 1996, 2001, 2006, 2011, and 2016 were downloaded in the end of
November 2016. Landsat TM data have as many as seven spectral bands, with a spatial
resolution of 30 m for bands 1-5 and 7. The Landsat ETM+ data consisted of eight
spectral bands with a spatial resolution of 30 m for bands 1-7. Similarly, the Landsat 8
data have nine spectral bands with a spatial resolution of 30 m for bands 1-7 and 9
(Nurdin et al 2015a).

Ground truthing data. Field survey on the mangrove area in Maumere Bay of Sikka
Regency was conducted on December 2016, in the four centers of mangrove areas, i.e.
western area of Maumere Bay, Kampung Garam and surroundings, eastern area of
Maumere Bay, along with the small islands of Sikka Regency.

Fish data collection. Data pertaining to the quantity of fishery production was reported by
the Fisheries Agency of Sikka Regency (2017), particularly the production of demersal
fish species from 1991 until 2016. The demersal fish species consist of: ponyfish
(Leiognathus equulus), goat fish (Upeneus tragula), red snapper (Lutjanus malabaricus),

AACL Bioflux, 2018, Volume 11, Issue 3. 812
http://www.bioflux.com.ro/aacl



groupers (Epinephelus sp.), giant seaperch (Lates calcarifer), silver pomfret (Pampus
argenteus), grunters (Pomadasys maculatus), streaked spinefoot (Siganus sp.).

Data analysis

Spatial analysis. Analysis of spatial data was undertaken using ArcGIS software version
10.3. The parameters that were analyzed included the coverage of mangrove and density
of mangrove cover, which provided the information related to the mangrove’s condition
for the last 25 years (1991 to 2016).

The density observation of mangrove cover utilized the 2015 Landsat 7 satellite
and Landsat 8 OLI/TIRS. The composite channel (band) employed for this purpose was
RGB 4-5-3 for Landsat 7 and RGB 5-6-4 for Landsat 8 in false color, interpretation and
supervised classification of the vegetation object of mangrove in addition to classifying
those mangroves into 3 classes: low, middle, high. The results of this interpretation and
classification are mangrove density maps.

Regression statistical analysis. A statistical analysis of normality (using Minitab 14
software) was undertaken to ensure normal distribution of research data. Then, the linear
regression analysis (using Excel 11 software) was performed that exploited two variables,
X (independent variable) and y (dependent variable), where x denotes the total of
mangrove cover (hectare); low class of mangrove cover (hectare); middle class of
mangrove cover (hectare); high class of mangrove cover (hectare), and y signifies the
production of demersal fish (tons).

Linear regression formula (Weisberg 2005):

y=Bo+B1x @
where: By represents intercept, R; denotes coefficient of regression, x refers to
independent variable, and y denotes dependent variable.

Analysis of influential factors. Analysis of influential factors affecting the mangrove cover

changes as well as the production of demersal fish was done using Analytical Hierarchy

Process (AHP). In this case, the stages included are (Saaty 2008):

i. determining the problem and the desired solution;

ii. creating a hierarchical structure that begins with the ultimate goal;

ili. creating a pairwise comparison matrix that describes the relative contribution or the
influence of each element on the above objectives or criteria;

iv. finding paired comparisons so that then x [(n — 1)/2] is obtained, where n denotes the
number of elements that are compared;

v. calculating the Eigen value or A« and test its consistency;

Vi. repeating steps iii, iv, and v for the entire hierarchy level;

vii. calculating the Eigen vector of each pairwise comparison matrix;

viii. ascertaining the consistency of the hierarchy.

The pairwise comparison technique used in AHP is premised on the judgment or
opinion of the respondents. These respondents were chosen purposively (purposive
sampling) and included experts who had an insightful understanding of the problems
concerning the Maumere Bay coastal area. These included six groups of respondents
consisting of government elements, NGOs, private entrepreneurs, women, fishermen,
and teachers/lecturers. In order to combine individual opinion matrices, a composite
opinion matrix is constructed. With a view to obtain a combined weighted value or a
combined priority vector, a geometric average was used (Microsoft Excel 2000 software).

Results and Discussion

The changing of mangrove cover at Maumere Bay since 1991 to 2016. As
mentioned above, mangrove spreading in the Maumere Bay of Sikka Regency consists of
four centre areas, i.e. western area of Sikka Regency, Kampung Garam and surrounding
areas, eastern area of Sikka Regency, and the small islands of Sikka Regency. The results
of spatial analysis conducted on Landsat imagery, in which provided insightful information
on mangrove cover in terms of the extent and density in the Sikka Regency of East Nusa
Tenggara Province, are illustrated in Tables 1 and 2.
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Table 1

Mangrove cover change in Maumere Bay since 1991 until 2016

Western of Kampung Eas'Fern of The sma!l islands Total mangrove
vear Sikka (hectare) Garam Sikka of Sikka cover (hectare)
(hectare) (hectare) (hectare)
1991 31.10 21.42 213.18 254.24 519.94
1996 20.53 46.42 185.33 208.98 461.26
2001 55.14 57.90 139.84 151.57 404.45
2006 51.06 74.80 107.07 118.24 351.17
2011 70.75 80.92 136.42 178.69 466.78
2016 88.85 95.65 168.70 211.12 564.32
Table 2
Mangrove cover and density of mangrove cover since 1991 until 2016 in Maumere Bay
Mangrove cover Middle class High class
vear (hectare) Low class (hectare) (hectare) (hectare)
1991 519.94 43.83 114.23 361.88
1996 461.26 85.48 174.43 201.35
2001 404.45 78.72 170.61 155.13
2006 351.16 78.75 142.92 129.49
2011 466.78 98.01 165.02 203.76
2016 564.32 134.67 208.65 221.01

Figure 2 illustrates the changes in mangrove cover during a 25-year period depicted
using bar graphs. The condition of mangrove cover in the Maumere Bay of Sikka Regency
decreased since 1991 until 2006, before increasing again till the year 2016. The maps of
spatial analysis results of change in mangrove cover in the Maumere Bay during this 25-
year period are illustrated in Figure 3.
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Figure 2. The changing of mangrove cover and density during a 25-year period (1991-2016) in
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Figure 3. The changing of mangrove cover in Maumere Bay: a) 1991, b) 2006, and c) 2016.
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The results of spatial analysis using Landsat 5 satellite images, Landsat ETM 7 and
Landsat 8 for the purpose of mangrove analysis yielded high level of accuracy. According
to Nurdin et al (2015b), who conducted research on the dynamics of change in mangrove
cover on the small island of Spermonde Archipelago, the accuracy of spatial analysis for
determining mangrove cover was 93%.

Total production of demersal fish in correlation with the changing of mangrove
cover. The data pertaining to fishery production in Sikka Regency is shown to be varied
on a year-by-year basis. The data of fishery production, especially demersal fish, during
the last 25 years with an interval of 5 year period, is depicted in Table 3.

Table 3
Fishery production in Maumere Bay with the interval of 5-years period since 1991 until 2016

Production per year (tons)

No. Kind of demersal fish
1991 1996 2001 2006 2011 2016
1 Ponyfish, Leiognathus 82.44 49.46 32.98 18.00 40.50 30.27
equulus (Leiognathidae)
2 Goat fish, Upeneus 39.90 38.95 38.00 12.16 15.20 83.02
tragula (Mullidae)
3 Red snapper, Lutjanus 149.65 89.79 59.86 78.85 54.78 91.29

malabaricus (Lutjanidae)
4 Groupers, Epinephelus sp. 143.55 86.13 57.42 87.03 78.30 132.11
(Serranidae)
5 Giant sea perch, Lates 125.91 75.55 50.36 42.33 41.50 91.29
calcarifer (Latidae)
6 Silver pomfret, Pampus 53.49 53.25 53.01 13.02 24.70 35.21
argenteus (Strometidae)
7 Grunters, sweetlips, 71.05 55,99 40.92 11.16 41.85 25.66
Pomadasys maculatus
(Pomadadsyidae)

8 Streaked spinefoot, 24.82 23.89 22.95 6.21 9.23 96.33
Siganus sp. (Siganidae)
Total 690.81 473.00 355.50 268.76 306.06 585.17

Source: Fisheries Agency of Sikka Regency (2017).

The result of linear regression analysis which is located in the area of mangrove cover as
variable x (independent variable) as well as the total production of demersal fish as
variable y (dependent variable) is explained as follows. The result of linear regression
analysis of the correlation between variable x (total coverage of mangrove or high class
of mangrove cover) and variable y (the production of certain demersal fish) are denoted
as the below regression equations (2) and (3):
y =1.786x — 377.4 2

where: X represents the total coverage of mangrove (hectare), y denotes the production
of demersal fish in Maumere Bay (tons). The value of R2 was 0.675 and R was 0.8214.

The correlation between x and y variables according to equation (2) was
significant (p = 0.04 at the 95 % confidence level or a = 0.05). The strong correlation
showed that approximately 82.14% of the variation in demersal fish production volume
can be predicted by the total mangrove cover extent. This was a strong empirical
evidence that mangrove extent affected demersal fish production.

y = 1.787x + 67.35 ©)

where: x denotes the high class of mangrove cover (hectare), y refers to the production
of demersal fish in Maumere Bay (tons). The value of R2 was signified by 0.752, and R
was signified by 0.8673. The correlation between x and y variables according to equation
(3) was significant (p = 0.025 at the 95% confidence level or a = 0.05). The strong
correlation showed that approximately 86.73% of the variation in demersal fish
production volume can be predicted by the extent of high density mangrove cover. This
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was a strong empirical evidence that mangrove extent affected demersal fish production.
On the other hand, the middle class of mangrove cover and low class of mangrove cover
was not found to have a significant correlation with the production of demersal fish.

Based on the above explanation, it can be seen that variable X, i.e. the total of
mangrove cover, and high class of mangrove cover, have a significant correlation with
variable y, i.e. the production of demersal fish in Maumere Bay. The key factor to be
noted in the context of the management of mangrove ecosystems is that the mangrove
ecosystem will grow well if there is reduced pressure in terms of human activities on
mangrove ecosystems area. If accorded due consideration, it can be inferred that
humans can indeed derive great benefits from the mangrove ecosystems.

Fish catching will be the highest close to areas with high human population
density that provide the fishers and the markets for the catch. Equally, some of these
mangroves that are situated close to human populations are also likely to be under
greater threat than those in sparsely populated areas — they may be degraded, the
waters may be polluted, or they may be over-fished, thereby rendering them less
productive. Areas where mangroves are secured through appropriate management
regimes, and fisheries are well managed are likely to yield the greatest value.
Consequently, the conservation and restoration efforts within the areas close to human
populations are likely to yield the greatest return on investment (Hutchison et al 2014).

Factors affecting mangrove cover and demersal fish production dynamic. The
Analytical Hierarchy Process is a decision support model developed by Saaty (2008). This
model will describe complex multi-factor or multi-criteria problems in a hierarchy.
Hierarchy is defined as a representation of a complex problem within a multi-level
structure where the first level is denoted by the goal, followed by the stakeholders level,
criteria, sub criteria and finally, alternatives. The benefit of this model is that a complex
problem will appear more structured and systematic.

The search for factors that affect changes in mangrove cover and demersal fish
production can be grouped into two parts according to the decreasing tendency in 1991-
2006 and increasing tendency in 2006-2016.

Goal (A) : Decrease of Mangrove Cover and the
Production of Demersal Fish in Maumere Bay in 1991
until 2006
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Figure 4. The hierarchical structure of Analytical Hierarchy Process for the mangrove
cover decline trend from 1991 to 2006.

The hierarchical structure as shown in Figure 4 above consists of 3 levels i.e., level 1
(goal), level 2 (the stakeholders), and level 3 (criteria). For level 2, the stakeholders
consist of:

(i) Government: central government, province, regency, sub-district/village;

(ii) Coastal community: fishermen, farmers, fishing laborers, coastal people;

(iii) NGO: NGO and Mangrove Working Group;

(iv) Public figure or community leaders: religious leaders from the religions in the
Maumere bay area, traditional culture leaders, youth group leaders, and women's
groups;

(v) Private: investors and developers.
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For level 3, the criteria consist of:

(a) Disaster: the tsunami and tectonic earthquake on December 12" 1992, the decrease
of coastal area owing to the shift of the coastal line to the land;

(b) Recovery and development programs: environmental recovery programs and capacity
building for fishermen, such as COREMAP I, Il and CTI, programs to increase the
number of fishing gear and fishing vessels, programs from NGOs and self-empowered
programs as well as other communities programs;

(c) Awareness: public awareness, conscious awareness to utilize natural resources in
order to meet human needs in the future and for sustainability purposes;

(d) Land conversion: the activity for changing the status of mangrove land into other
designations, such as ponds, settlements, and others;

(e) Regulation: all provisions of legislation either from the center or the regency to the
villages;

() The natural environment: the natural state of the environment with factors that
naturally affect the purpose.

Based on the aforementioned analysis, the most influential factors on decreased
mangrove cover and in effect, decreased production of demersal fish, are depicted in

Table 4.

Table 4
The influential factors which affect the decrease of mangrove cover and the production of
demersal fish in Maumere Bay in 1991 until 2006

Group of respondents Geo
1 2 3 4 5 6 mean
Disaster 0.3704 0.4019 0.3687 0.3705 0.3690 0.4082 0.3811 0.381 1
Recovery and 0.1575 0.2377 0.0962 0.0427 0.2476 0.2359 0.1442 0.144 3
development

Factors

programs

Awareness 0.0637 0.0340 0.1481 0.0643 0.0456 0.0342 0.0564 0.056 o6
Land 0.1057 0.0985 0.0714 0.1496 0.0984 0.0993 0.1014 0.101 14

conversion

Regulation 0.0366 0.0625 0.0406 0.1002 0.0656 0.0624 0.0580 0.058 5
The natural 0.2661 0.165 0.2749 0.2727 0.1738 0.1602 0.2124 0.212 2
environment

P = priority; R = ranking.

Table 4 showed three most affected factors to the decreasing of mangrove cover, namely
disaster (priority P = 0.381, ranking R = 1), the natural environment (P = 0.212, R = 2),
and recovery and development programs (P = 0.144, R = 3). The tectonic earthquake
disasters followed by the tsunami on December 12" 1992 were the most influential
factors that caused a declining mangrove cover and the production of demersal fish.

The tectonic earthquake disasters with 6.8 RS magnitude was occurred at
Maumere Bay followed by the tsunami on December 12™ 1992. This was an undersea
earthquake in 36 km depth and the tsunami has swiped the main land with the distance
of 300 meter. This disaster was categorized as a national disaster (Rachmat 2016) and
caused 2100 death (Sengaji & Nababan 2009). This disaster caused a huge damage of
coastal area with mangrove as the main ecosystem (Gumilang et al 2013). Tectonics
earthquake disaster and tsunami at 1992 at Maumere Bay caused a coastal area
destruction including the destruction of mangrove area and decreasing mangrove cover
at Maumere Bay. Gumilang et al (2013) found that the mangrove area at Maumere Bay
decreased significantly due to tsunami based on Satellite Images Lansat.

The second ranking of factor affected in decreasing mangrove cover was the
natural environment factor (P = 0.212). This finding indicated that mangrove habitat
condition at Maumere Bay decreased significantly due to subsidence of earthquake with
width area of destruction accounting for 20 m to the mainland (Gumilang et al 2013).
The third ranking of factor affected in decreasing mangrove cover was recovery and
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development programs (P = 0.144). This finding indicated that there was not a recovery
and development program been implemented in the region.

The stakeholder of coastal communities are found to have the greatest influence
(P = 0.289), namely the lack of roles of fishermen, farmers, fishermen laborers, and
coastal populations towards the maintenance of mangrove cover levels and the
production of demersal fish. In addition, the efforts undertaken by the government (P =
0.212), NGOs (P = 0.158), public figures (P = 0.149) and private parties (P = 0.075)
have not provided concrete results for the recovery and improvement of mangrove cover
and increased demersal fish production. Thus, the decrease of mangrove cover and
production of demersal fish in the Maumere Bay continued during 1991 until 2006. This
finding inline by Godoy & De Lacerda (2015) who found that the mangrove habitat may
suffer heavy impacts from global climate change, maximized by local human activities
occurring in a given coastal region.

The hierarchical structure, as shown in Figure 5, consists of 3 levels i.e., level 1
(goal), level 2 (the stakeholders), and level 3 (criteria). For level 2, the stakeholders
consist of government, coastal community, NGO, public figure or community leaders, and
private entities. For level 3, it consists of recovery and development programs,
awareness, land conversion, regulation and the natural environment.

-
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Figure 5. The hierarchical structure of Analytical Hierarchy Process for the mangrove
cover increases trend from year 2006 to 2016.

Table 5 shows that there were three main factors which affected the increase of
mangrove cover and demersal fish production at Maumere Bay during 2006 to 2016,
namely the natural environment (P = 0.355, R = 1), recovery and development programs
(P = 0.234, R = 2), and land conversion (P = 0.157, R = 3). The natural environmental
factors are the most dominant factor for increasing mangrove cover, intended as a
natural environmental influence in this case, without any pressure from human activities
it could allow mangroves to grow naturally.

Table 5
The influential factors towards the increase of mangrove cover and demersal fish
production in Maumere Bay in 2006 until 2016

Group of respondents Geo
1 2 3 4 5 6 mean

Recovery and 0.2476 0.4284 0.1460 0.0605 0.4092 0.4284 0.2340 0.234 2
development

Factors

programs

Awareness 0.0922 0.0481 0.2313 0.0954 0.0616 0.0481 0.0814 0.081 5
Land 0.1642 0.1542 0.1073 0.2349 0.1498 0.1542 0.1566 0.157 3

conversion

Regulation 0.0525 0.0921 0.0570 0.1552 0.0974 0.0921 0.0853 0.085
The natural 0.4434 0.2772 0.4584 0.4539 0.2819 0.2772 0.3549 0.355
environment
P = priority; R = ranking.
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The second ranking of factor affected in increasing mangrove cover was the
recovery and development programs factor. This finding indicated that the environmental
recovery and development programs, such as Coral Reef Rehabilitation and Management
Program/COREMAP Phase | funded by AusAID, COREMAP Phase Il funded by World Bank,
COREMAP-CTI, capacity building programs for the coastal people included the fishermen,
and self-empowered programs by NGO, have been able to successfully increase
mangrove cover in Maumere Bay. The other factor that affected in increasing mangrove
cover was a significance contribution of coastal community in rehabilitating mangrove
area, for example one of their community member (Viktor Emmanuel Rayon with the
nickename Baba Akong) has done a rehabilitation in mangrove area for 40 Ha. With this
effort he won a national award for saving environment from Indonesian President, award
which is called Kalpataru award at year 2009.

The third ranking of factor affected in increasing mangrove cover was the process
of land conversion. Our record showed that there was not a land conversion of mangrove
for 10 years period, consequently there was a significantly increasing in mangrove cover
and demersal fish was observed during the last 10 years in Maumere Bay.

This finding is supported by the previous study of Godoy & De Lacerda (2015) who
found that in a variety of habitats mangroves are expanding as a response to global
climate change and also supported by Alongi (2015) who mentioned that mangrove
forests along arid coasts, in subsiding river deltas, and on many islands are predicted to
decline in area, structural complexity, and/or in functionality, but mangroves will
continue to expand pole wards. It is highly likely that they will survive into the
foreseeable future as sea level, global temperatures, and atmospheric CO, concentrations
continue to rise.

The stakeholders of the coastal communities provide the greatest influence (P =
0.289). In this case, the existence of fishermen, farmers, fishing laborers, and coastal
population exerted the greatest impact towards the increase of mangrove cover and
production of demersal fish. In addition, concerted efforts by the government (P =
0.212), NGOs (P = 0.158), public figures (P = 0.149) and private parties (P = 0.075)
have provided tangible results towards the recovery and improvement of mangrove
cover, and increased demersal fish production in the Maumere Bay region during 2006
until 2016.

Conclusions. The mangrove ecosystem plays a very crucial role in contributing to the
production of demersal fish. Total mangrove cover and high class of mangrove cover
make a significant contribution to the total production of demersal fish, while the middle
class and the low class of mangrove cover do not seem to affect the production of
demersal fish. The change in total mangrove cover and high class of mangrove cover also
contribute significantly to the change of production of demersal fish.

During the 15 year period (since 1991 until 2006) the decrease of mangrove cover
and the production of demersal fish were influenced by the most dominant factors,
namely: tectonic earthquake disaster and tsunami on December 12" 1992, followed by
natural environment factors, and the absence or ineffectiveness of recovery programs
implemented in the region.

Between 2006 and 2016, the increased of mangrove cover and demeral fish
production was influenced by the most dominant factors, namely: natural environmental
factors, i.e. natural environmental influences (without any pressure from human
activities), and the increased coastal ecosystem recovery programs, especially
mangroves and associated ecosystems, in addition to reduced land conversion factors.
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