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Abstract. The Wailukum Mangrove Ecosystem requires a community
based environmental management strategy. The purpose of this study was
to analyze the characteristics of mangrove roots and stems in medium tide
zones, the dominance index of Teredo navalis L and environmental
management strategies in the era of the COVID-19 pandemic. This type of
research is a case study. The research location is divided into two points,
namely in the North and South. Sampling using the line transect method.
Root and stem samples were observed using the quadratic method. The
results of this study found that there are three types of mangroves that live
in the medium tide zone, namely Rhizophora mucronata (Lamk.)
Rhizophora apiculata and Rhizophora stylosa Griff. Characteristics of
roots and stems have gaps and brittle easily. The dominance index of
Teredo navalis L on the roots and stems is in the low category with the
index range 0.01-0.62. Strategies that need to be used for environmental
management of mangroves in Wailukum, East Halmahera Regency, are to
open employment opportunities for the community, organize socialization
and training of silvofishery systems for workers, make regulations to
control community-based mangrove use and monitor violations of
mangrove management.
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1 Introduction

Wailukum is one of the coastal areas dominated by mangrove forests. Administratively, it is
included in the District of Maba City, East Halmahera Regency, North Maluku Province.
The geographical location of Maba City is at Latitude 0 03725 "- 0 055'10" North Latitude
and Longitude 127 057'45 "- 128'2720" East Longitude. The boundaries of Maba City in
the north are bordered by Maba City, the southern part is Central Halmahera Regency, the
west side is South Wasile District and the east is bordered by south Maba City. This area is
known to have a coastal ecosystem, one of which is the mangrove ecosystem. The existence
of these ecosystems provides opportunities for all types of aquatic biota, especially
molluscs to live in their habitat [1].

Mangrove forests have an ecological function in preventing erosion and coastal abrasion
as well as sediment trapping [2], also as a food producer for biota and humans [3]. The area
is always in undated by sea water and fresh water flows so that it continues to grow,
develop and experience succession that brings changes to its natural habitats [4]. One type
of mangrove that grows in soil that is always in undated by brackish water is Rhizophora sp
[5]. Because it is always in undated with water, the mangrove ecosystem has extreme
physical environmental factors such as salinity, temperature and the type of muddy
substrate [6].

The Wailukum mangrove forest area has a high biodiversity of marine life. This
provides opportunities for aquatic biota to carry out important activities in adapting,
protecting, developing themselves and maintaining their life in their habitat [7].

Mollusca Teredo navalis Linnaeus 1758 is a group of marine biota which is also known
as shipworm, which has prospects in the ecological balance of mangroves. Mangroves that
grow in the medium tide zone have their own characteristics such as being easily brittle as a
form of adaptation to the environmental conditions where they grow and are influenced by
the tides of sea water, so that they can contribute to life for Teredo navalis L and have the
potential to be used as a place to live by animals Teredo navalis L. [8]. Each type of
mangrove has unique morphological characters such as the shape of roots and stems that
have gaps. Teredo navalis L acts as the main consumer of mangrove roots and stems, so it
plays its role through the activity of destroying wood using its shell on its head which
functions as a drill assisted by cellulose and nitrogen binding bacteria [9]. Activity Teredo
navalis L is influenced by environmental temperature so that it can increasing the export of
nutrients from mangrove ecosystems to other coastal zones [10]. In the summer the spread
of T. navalis L occurs very rapidly. This can be proven through the formation of many
boreholes or gaps in all types of mangrove wood [9,11]. Mangrove forests play an
important role in river flow systems and coastal waters which function as a buffer and
biofilter and are tolerant of pollution sources because they have the ability to absorb
pollutants [12].

Management of the coastal environment needs to be carried out by various parties to
overcome problems and disasters that occur and attack biota and humans. Currently the
world is facing environmental health problems, namely the outbreak of the corona virus or
COVID-19. North Maluku Province, since March 2, 2020, the COVID-19 case began to
become epidemic in Ternate City. Since then it has started to increase until the end of this
June. Date from the COVID-19 task force processed by kieraha.com showed that the
number of people in June 2020 increased to 266, this illustrates the rapid spread of cases
from case date in the previous months which only experienced an increase of 19 to 79 new
cases. Deputy head of the Representative Epidemiology Association for North Maluku
Province, Isya Tauda, stated that since the relaxation was imposed on June 5, new positive
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cases of COVID-19 have increased by more than 100 percent. This shows that the increase
in the number of positive cases is increasing and the confirmed area has expanded to district
City. _On June 14, 2020, there were 8 more Covid-19 patients, 7 of whom came from
Ternate City and 1 person from East Halmahera district so that the number of confirmed
positive cases of COVID-19 from 302 people increased to 310 people. Based on the date,
this case increase shows that environmental health is experiencing problems and has a
profound impact on the social and economy of the local community.

East Halmahera Regency, North Maluku Province is an area prone to natural disasters
such as earthquakes and forest damage due to mining activities, land conversion, flooding,
and landslides. The main problem that occurs in mangrove forest areas is land use change
and coastal pollution due to mining waste that is dumped around the area. Therefore it
needs management efforts and requires active participation of the government and society
in increasing synergy to anticipate environmental problems. For this reason, it is necessary
to have a study related to a sustainable management strategy and improvement of the
natural environment (ecology) of mangroves. This research was conducted with the aim of
analyzing the characteristics of mangrove roots and stems in the medium tide zone, the
dominance of Teredo navalis L in habitats and environmental management strategies in the
Covidl9 pandemic era. It is hoped that the results of this study will become a material
contribution for the local government to the sustainability of Teredo navalis L in the
Wailukum mangrove ecosystem and an environmentally friendly coastal area management
strategy.

2 Methods

2.1 Research Time and Place

Study was conducted from March to May 2019. Research site for mangrove forest in
Wailukum, East Halmahera Regency. This type of research is a case study, using a
purposive sampling method, namely determining the sampling point based on the

surrounding environment. The research area is divided into two locations, namely Location

I in the North and Location II in the South. Characteristics of mangroves observed are the
roots and stems that have undergone a process of maturity, are flooded and experience
brittleness.

PETA INFRASTRUKTUR

Fig. 1. Map of research location in Wailukum mangrove forest, East Halmahera District
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2.2 Tools and Materials

Research tools and materials used in this study are roller meters, sensor machines, swords,
digital cameras, gloves, clasps, buckets, and aquades. The sampling method used a line
transect with a length of 100 meters measured from the coastline of the lowest tide to the
land area. Root and stem samples were observed at distances of 0-20 m, 21-40 m, 41-50
meters using the quadratic method [13]. The distribution of Teredo navalis L was
observed on the roots and stems found at the two observation points using the survey
method. Root and stem samples were measured in size of 1 meter then cut and split. The
results of observations of root, stem and samples were Teredo navalis L recorded through
the table. Strategy formulation is one of the methods used to obtain efforts and strategies
for mangrove forest management in Wailukum Halmahera Regency.

2.3 Date

Analysis of the characteristics of the roots and stems of mangrove species was carried out
descriptively, while the dominance of Teredo navalis L analyzed using the dominance
index formula from Simpson (Odum, 1993):

D=0 (ni/N) (1)

Information:
D = Simpson dominance index
ni = number of individuals per species
N = number of individuals of all species

Dominance index can be grouped into 3 groups, namely: 0.00 <C < 0.50 = Low, 0.50
<C £0.75 = Medium, and 0.75 <C < 1.00 = High.
Analysis of efforts and strategies for environmental management using the SWOT approach
(Strengths, Weaknesses, Opportunities, and Threats).

3 Results and Discussion

3.1 Characteristics of mangroves at locations | and Il

Based on the results of the study, three types of mangroves were found in the medium tide

zone of the Wailukum mangrove forest, namely from the genus Rhizophora consisting of

Rhizophora mucronata (Lamk), Rhizophora apiculata and Rhizophora stylosa Griff. The

characteristics of the mangroves observed in this study were the roots and stems where

lived Teredo navalis L. Description of the characteristics of each type of mangrove found in

the moderate tide zone, namely:

1. Rhizophora mucronata (Lamk.),

10-22 meters high, 30-70 cm in diameter, dark brown and black bark, horizontal slits.
Supporting roots and air roots (breath) that grow from the lower part of the branch. It
grows in tidal areas, always inundated by water and river mouths on a hard substrate
mixed with sand, and in soil rich in humus, has a wide distribution. As a source of
food for marine life (crabs and Teredo navalis L).

2. Rhizophora apiculata
Height reaches 7-25 meters. The stem diameter ranges from 30-50 cm. The bark is
dark gray and fickle. It has breath (water) roots that come out of the branch and
measure 3-5 meters. It grows in soft, deep and stagnant muddy soil during normal tide
and is always inundated by low tide. Being a food source for beetles, Crabs and
Teredo navalis L.

3. Rhizophora stylosa Griff
Has more than one stem, up to 4 - 10 meters high. Has a thin, slit, gray to black bark
surface. Types of root and aerial roots from under the branches measuring up to 3
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meters. habitats in tidal areas, mud, sand and rock and in water sheds. It is a type of
pioneer mangrove in the coastal environment and inland mangrove areas.

The results of observations on the characteristics of the three types of mangroves
indicated that almost all tree species found had a height of 7-25 meters. The morphology of
the stem was found to have gaps and the skin surface varied in color because it was always
changing. The vegetation is classified as a tree with a trunk diameter of > 10cm. The
ecology of these three types of mangroves has the same growing area, namely in tidal areas
and is always inundated by water, growing on a type of substrate dominated by mud, and
mud mixed with sand [14]. The growth and development of mangroves is highly influenced
by the environment, especially climate and adaptation factors such as the location of the
delta, hydrology of sediments and turbidity of water. This greatly affects every type of
mangrove that grows on the alluvial muddy substrate type in the coastal zone [15] and has a
wide growing spread so that it dominates other vegetation. One of the supporting factors for
the spread of mangroves is tides [16].

3.2 Dominance of Teredo navalis L

Based on the mangrove characteristics above, the observation of the dominance of Teredo
navalis L was carried out in two stages, namely observing the roots and stems then
observing the dominance of Teredo navalis L. The observations found the presence of
Teredo navalis L both on the roots and stems, which are presented in table 1 below.

Table 1. Number of root and stem species found at locations I and I1

Number of roots and stems
Mangrove species Root Stems
Location I | Location II | Location I | Location II
Rhizophora mucronata (Lamk.) 18 17 48 23
Rhizophora apiculata 21 12 17 14
Rhizophora stylosa Griff 12 7 16 9
Total 51 36 81 46

Based on the data in table 1, the number of roots and stems obtained from the three
types of mangroves has a different number in each study location. Rhizophora Mucronata
(Lamk) has a total number of roots at locations I and II is 35 and the number of roots as
much as 71. Rhizophora Apiculata has a total number of roots at locations I and I, 33 and
31 stems. The total number of roots in Rhizophora stylosa Griff is 19 and a total of 25
stems. The condition of rotten roots and stems has hollow gaps and found in it the animal
Teredo navalis L. . Mangroves that are always submerged in water undergo a faster process
weathering and juveniles are occupied by locomotion [17], as shown in Figure 2 below.
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Fig. 2. a) Rhizophora mucronata (Lamk.); b) Rhizophora apiculata; c) Rhizophora stylosa Griff

Roots and stems of mangrove wood have gaps or holes. This proves that the wood is
occupied by Teredo Navalis L. One of the causes of wood damage is cellulose enzymes and

high environmental temperatures. There fore the activity and spread of Teredo navalis L is
higher in the dry season [18].

3.3 Dominance index analysis Teredo navalis L

Based on the dominance index value at the root, it can be stated that the dominance of the
species Teredo navalis L at locations I and II is in the low category, as shown in the

following table.
Table 2.Number of individuals and the dominance index Teredo navalis L in the roots at locations I
and II
Area of }\Iu{n!)er of Dominance index
observat Mangrove type individuals Categ
. g P Locatio | Location | Locatio | Location ory
ion
nl 11 nl 11
Roots Rhizophora Low
mucronata (Lamk.) 33 26 0.12 0.20
Rhizophora 44 19 0.22 o1 | Low
apiculata
Rhizophora stylosa Low
Griff 16 12 0.17 0.04

Based on table 2, the number of individuals Teredo navalis L in location I was more
than location II. Teredo navalis L was found to occupy the roots of the species Rhizophora
mucronata (Lamk.), Then the species Rhizophora apiculata. and at least Rhizophora
stylosa Griff. Mean while, the dominance index value in the table above shows that the
dominance of Teredo navalis L is low because it tends to be close to 0 and there are no
species that dominate the root habitat. If the organism lives in a habitat and is suitable for
its environment, it will develop properly, and if There are differences in species
composition in each mangrove because each species has a different adaptability in the roots
[19]. If the dominance index value is high, then there are individuals who dominate,
conversely if the dominance index value is low, there is no dominant individual. Mangrove
ecosystems act as a productivity provider for abundant food for various types of marine
animals [20] and provide a place for breeding, spawning and regeneration for aquatic biota
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[21]. The dominance index of Teredo navalis L at the roots can be seen in the following

graphic.
Teredo navalis L dominance index value at the root
0.25
[«F]
g 02
E 0.15
.g .
g o1
0.05
0 Rhizoph
izophora Rhizophora Rhizophora
mucronata apiculata stylosa Griff
(Lamk.) P y
=== ocation | 0.12 0.22 0.17
={=| ocation Il 0.2 0.11 0.04

Fig. 3. Graph of dominance index Teredo navalis L on the roots at locations I and II

Graph in Figure 3 shows that the dominance index value Teredo navalis L in the roots is
higher in the species. Rhizophora apiculata at location I with a value of 0.22 and the
lowest in the species Rhizophora mucronata (Lamk.), namely 0.12. where as at location II
the dominance index Teredo navalis L highest was found in Rhizophora mucronata
(Lamk.), namely 0.2 and the lowest was Rhizophora stylosa Griff, which was 0.04.
However, the dominance index value obtained at the roots at locations I and II is still in the
low category. A low dominance index value indicates a low concentration and no species
dominates its habitat [22]. Furthermore, the number of individuals and the dominance index
Teredo navalis L on the stem can be seen in Table 3 below.

Table 3. Number of individuals on the stem and dominance index of Teredo navalis L at locations 1

and II
Observa }\Iur'n!)er of Dominance index
tion Mangrove tvpe individuals Categ
g typ Locatio | Locatio | Location | Location ory
area
nl n Il | 11
Stem Rhizophora 214 59 0.62 0.41 Low
mucronata (Lamk.)
Rhizophora 55 32 0.04 0.12 Low
apiculata
Rhizophora stylosa 31 21 0.01 0.05 Low
Griff

Table 3 shows that the number of individuals Teredo navalis L on the stem locations I
and II were more abundant in the species Rhizophora mucronata (Lamk.) while less was
found in the spesies Rhizophora stylosa Griff. Teredo navalis L was found to mostly
occupy the stem of Rhizophora mucronata (Lamk.). Then on the stem of Rhizophora
apiculata and Rhizophora stylosa Griff. This will also illustrate the dominance index value
of Teredo navalis L as shown in the following graph.
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Teredo navalis L dominance index value on the stem
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Fig. 4. Dominance index graph Teredo navalis L on the stems at locations I and II

Based on the graph from Figure 4 above shows that the dominance index value Teredo
navalis L on the stems at locations I and II for the three types of mangroves are in the low
category, with Each dominance index value is for location I the dominance index value for
Rhizophora mucronata (Lamk.) = 0.62, Rhizophora apiculata= 0.04 and Rhizophora
stylosa Griff = 0.01. While the dominance index value at the second location is Rhizophora
mucronata (Lamk.) is 0.41, Rhizophora apiculata = 0.012 and Rhizophora stylosa Griff =
0.05. This shows that from these two locations there is not species that dominates the other
species so that the life of Teredo navalis L is not stressed [23].

3.4 Mangrove environmental management strategy in Wailukum

Systematic identification of internal and external factors, the results of which will be used
to formulate a mangrove ecosystem management strategy at the research location using the
SWOT method. The position of the mangrove ecosystem management strategy in
Wailukum is in the domain of WO strengths (weaknesses) and opportunities (quadrant V),
which can be seen in table 4 below.
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Table 4. Internal and external factors for mangrove environmental management in Wailukum East
Halmahera Regency

No Internal Factors Value External factors Value
Strength (S) Opportunity (O)
1 | Wailukum mangrove area is a 1.5 | Developed to become a 0.5
protected forest mangrove tourism spot
2 | Local government 1.4 | Potential for mangrove 1.5
Reforestation of mangrove nurseries
areas and provide alternative Implementation of the 0.6
livelihoods for local silvofishery system
communities.
Total 2.9 | Total 2.6
No | Weaknesses (W) Value | Threats (T) Value
1 | Lack of alternative 0.8 | Uncontrolled conversion of 0.5
employment opportunities for mangrove land
communities
2 | Low economic level of the 0.9 | Land conversion mangroves 0.6
Wailukum Village for unplanned ponds
3 | Weak supervision from the 1.4 | Non-selective logging of 0.5
local government on land use mangroves for household
and use needs
4 | Weak mangrove management 1.4
institutions
Total 4.5 Total 1.1
Difference of strengths and -1.6 | Difference of opportunities 1.5
weaknesses and Threats
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Table 4. SWOT analysis of environmental management strategies in Wailukum

Strengths (S) Weaknesses (W)
1. Wailukum mangrove 1. Lack of alternative
areas are protected forest employment
Internal 2. Reforestation of mangrove opportunities for the
and external factors areas and provide community
alternative livelihoods for [2. The low economic level of
local communities. the Wailukum Village
community
3. Weak supervision from
the local government on
land use and
management
4. Weak mangrove
management institutions
Opportunities (O) S-O0 Strategy W-O Strategy

1. Development ecotourism
in mangrove areas.

2. Potential for mangrove
nurseries

3. Application of the
silvofishery system

1. Protecting mangrove
areas as protected forests
to maintain
sustainability so that
they can be used as
tourist attractions (S 1;
0 1).

2. Empowering the
community by forming a
working group in order
to provide mangrove
seedlings (S 2; O 2).

3. Organizing socialization
and training of
silvofishery systems for
coastal village
communities for
rehabilitation of
mangrove areas (S 2; O

Providing employment
opportunities for local
workers, and educating local
people to manage and utilize
mangrove areas through
skills training (W 1,2; O 1,
2).

Make regulations to control
community-based mangrove
use and monitor mangrove
management violations (W
3;01,2,3)

3)
Threats (T) S-T Strategy W — T strategy
1.Uncontrolled Of mangrove | 1. Coordinating among 1.Providing knowledge,
land functions conversion. stakeholders to raising awareness and

mangrove land for
unplanned ponds.
2.Non-selective felling of
mangrove wood for
household needs

determine the status of
mangrove areas and
management regulations,
increasing supervision in
enforcing the regulatory
system to impose
sanctions on perpetrators
of violations (S 1, 2; T 1,
2,3)

establishing the legitimacy
of mangrove management
at the local community
level (W 1,2;T1).
2.Increasing supervision of
pond activities and
logging in the mangrove
ecosystem (W 3; T 1, 2).
3.Directing local

communities to use

10
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kerosene stoves as an
alternative to reduce
firewood use (W 2; T 2).

Table 4 shows that the mangrove environmental management strategy in Wailukum,
East Halmahera Regency, namely (1) opening up jobs for the community, organizing
socialization and training of the silvofishery system for coastal village communities for the
rehabilitation of mangrove areas (2) making regulations to control community-based
mangrove use and monitoring mangrove management violations. In implementing this
strategy, it needs to be aligned with continuous supervision and synergy by the Regional
Government of East Halmahera Regency.

Mangrove forest management is an important part of environmental conservation efforts
in coastal areas [24]. The causes of damage to mangrove areas, namely pollution,
conversion of mangrove forests that ignore environmental factors and the high activity of
tree cutting. Therefore, mangrove ecosystem management must involve the community in
managing and conserving existing natural resources so that environmental management for
sustainable development requires the concept of conservation and the role of the
community [25]. Environmental management that is focused on the community is an
environmental management mechanism by educating local people to be actively involved in
the process of managing natural resources in the area [26].

4 Conclusion

The results of this study found that there are three types of mangroves that live in the
medium tide zone, namely Rhizophora mucronata (Lamk.) Rhizophora apiculata and
Rhizophora stylosa Griff. Characteristics of roots and stems have gaps and brittle easily.
The dominance index of Teredo navalis L on the roots and stems is in the low category with
the index range 0.01-0.62. Strategies that need to be used for environmental management of
mangroves in Wailukum, East Halmahera Regency, are to open employment opportunities
for the community, organize socialization and training of silvofishery systems for workers,
make regulations to control community-based mangrove use and monitor violations of
mangrove management.
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