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Mangrove forests must have health conditions to maintain forest functions and ensure benefits
for the community's welfare and living creatures around them. Based on this, an evaluation of
the health situation of the woodland is essential to ensure that the health situation of the
mangrove forests is maintained. This research was conducted to assess and obtain data and
information on the health of mangrove forests withinside the coastal regions of the East
Lampung Regency. The levels on this look have been figuring out the measurement plot,
making the forest health measurement plot, collecting data, identifying tree health, and
analyzing forest health data. The results of the research that have been carried out show that
of the 8 cluster plots that have been made, it was found that the dominant types of damage
were open wounds, damaged leaves, shoots, and shoots, as well as broken/dead branches.
Then, the locations of most damage were found in sprouts and shoots, branches, lower stems,
leaves, and the tops and bottoms of stems. The average forest health condition within the
coastal location of East Lampung Regency is within the medium class with a median NKH fee
of 5,29. This indicates that the mangrove forests are correctly applied and controlled via way
of the encompassing communities, especially those who depend on these mangrove forests.
So far, the government and the community have worked together to conserve mangrove

forests.

1. INTRODUCTION

Mangrove forests are coastal area that is of value to various
forest users and land developers. According to Kordi and
Ghufran [1], the ecological functions of mangrove forests are
to prevent erosion and coastal damage, prevent sea air
intrusion into the land, maintain the stability of the soil layer,
consider the impact of waves and waves, and reduce the
strength of the wind when it reaches the mangrove ecosystem.
Another function of the mangrove forest is as a food provider,
a breeding ground for marine biota, a home for marine animals,
and a place for foraging for various commercial and juvenile
reef fish [2]. Meanwhile, the economic function of a mangrove
forest is the monetary value of the wood and the living things
in it. This is because mangroves can be used for various living
needs of the population, such as news logs, buildings, charcoal,
and medicines [3]. Mangroves play an important position in
sustainability and support human livelihoods extensively used
to supply food, wood, fuel, and medicines [4]. Mangroves also
have an ecological function: sediment catcher, wave breaker,
carbon storage, and carbon storage [5]. The interaction pattern
between land, water, and other natural resources in mangrove
forests refers to the management process between stakeholders
through resources, formulation of new rules, and
determination of actions [6]. Therefore, the management of
natural resources, water, fisheries, and forests is essential.
Moreover, this is more visible in the coastal zone, where
access to and management of the resources used by the
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community is a livelihood in rural areas [7].

The local community uses one area with a large enough
mangrove forest and an economical source in Lampung
Province in the Coastal area of East Lampung Regency. The
mangrove forest in this village is dominated by the white fire-
fire mangrove (4vicennia marina) [8]. East Lampung Regency
Mangrove Forest is a protected forest managed by the local
government and local groups managing mangrove forests.
Most of the people make a living as fishermen. In East
Lampung Regency, shrimp paste processing groups, fish
processing groups, farmer groups, and mangrove groups [9].
In addition, there is also the Maritime Love Women Group
which carries out the utilization and processing of mangrove
forest products [10]. East Lampung Regency has natural
potential in mangrove forests which are currently being
developed as ecotourism areas [11]. Mangrove forests in
Lampung are located along 896 km of the total beach length
of 1,105 km [6]. However, communities around mangrove
forests have community concerns that if there is no mangrove
forest, it can threaten their children and grandchildren from
seawater abrasion, which can strike at any time, besides the
degradation of mangrove forests in East Lampung Regency
due to land conversion can threaten the existence of mangrove
forests there [12], this happens because people do not know
the proper technique in measuring the condition of forest
damage.

The forest formation on the coast of East Lampung Regency
is dominated by mangrove vegetation. With the mangrove
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forest formation, the coastal area will be protected from the
damage that occurs, both coastal abrasion, seawater intrusion,
and so on, so that economic activity can run well. Although
necessary, the mangrove forest in the Coastal area of East
Lampung continues to decline. Based on previous research by
[13], changes in mangrove cover in Labuhan Maringgai in the
period 1973-2013 resulted in the appearance of mangrove
forest cover in an average interval of 10 years decreased by
11.82%. Weather change (growing sea levels and changing
rainfall) and human sports (city improvement, aquaculture,
mining, and over-exploitation of timber, fish, crustaceans, and
shellfish) are essential threats to mangrove habitats [14, 15].
Lowering mangrove cover affects carbon stock and lack of
deposits [16]. The large number of uses made by the
community in the mangrove forest requires efforts to preserve
the mangrove forest to prevent damage to the mangrove forest.
One way to maintain the function and role of mangrove forests
and their sustainability is to pay attention to the health of
mangrove forests.

Forest health management is an effort to integrate
knowledge about ecosystems, dynamics, and genetics of
disturbing organisms with economic considerations so that the
risk of damage is below the threshold of loss [17]. Facts at the
health condition of woodland ecosystems in several countries
have emerged as a purpose in sustainable forest control [18].
Forest health may be used as an indicator of sustainable
woodland management [19]. Woodland health tracking is
accomplished to assume worries that climate alternate should
purpose new varieties of damage that were in no way formerly
found [20]. This problem makes woodland health tracking
critical to be carried out in diverse forests, considered one of
that is mangrove forests. This activity is also needed to obtain
information and records associated with the health of
mangrove forests withinside the coastal location of East
Lampung, and this will allow the community across the
mangrove wooded area location to make optimal use of it by
paying attention to the health circumstance of the mangrove
wooded area.

2. RESEARCH METHODS
2.1 Time and location of research

The implementation of this research began in September
2020 in the coastal mangrove forest area of East Lampung
Regency (which is in the Labuhan Maringgai, Pasir Sakti, and
Way Kambas National Park (TNWK) sub-districts).

2.2 Tool and materials

The tools used consisted of a tally sheet forest health, tree
labels, tape meters (50 m), magic card (scale card density and
tree canopy transparency), meter tape, Global Positioning
System, binoculars, and cameras. The object of this research
is the coastal mangrove forest area of East Lampung Regency,
Labuhan Maringgai District, Pasir Sakti District, and TNWK.

2.3 Methods

Identification of mangrove woodland health is decided
through measuring the tree damage index (IK). Measurement
of the IK of mangrove timber is obtained through the Forest
Health Monitoring (FHM) method. The FHM device is
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expected to explain changes in woodland conditions that arise
at particular instances to deal with woodland health problems,
which affect wooded area surroundings sustainability [21].
The ecological indicator used in forest health assessments is
vitality by observing tree damage and crown condition [22].
The number of FHM cluster plots made were 10 FHM clusters
in the dominant mangrove species in the research location. The
form of the FHM cluster plot is proven in Figure 1.

Tree damage assessments were measured for trees located
in the sub-plots as tree diameters were mostly <20cm. Annular
plots were used to measure damage to trees >20cm in diameter.
Tree damage is identified from any damage that occurs in the
statement from the roots to the pinnacle of the tree.
Observation of damage to trees can be done by looking at the
location of the injury, the type of damage, and the level of
severity. This type of tree damage is a form of plant growth
disturbance whose symptoms can be seen from the shape, size,
color, and texture [23].

The types of tree damage present in each part of the tree are
assessed based on the threshold level of severity. The kind of
damage will be set if it meets a predetermined threshold for
seriousness. If the damage does not meet the threshold for
severity, then the damage is considered not to interfere with
the physiological function of the tree. Severity threshold
values were coded according to the severity threshold class.
The severity threshold value is assessed as the percentage of
tree damage severity [24]. Identification of mangrove wooded
area health is decided primarily based on the broken situation
of mangrove trees. The tree harm evaluation using codes in
line with the FHM method includes the location of damage
(Table 1), type of harm, and severity (Table 2).

In specific locations, the level of harm incurred is based
totally on a code for the kind of damage which can arise to
fulfill the minimum threshold of severity based totally on the
precise form of harm class (Table 2).

The tree-level damage condition (Tree Level Index-TLI) is
obtained based on the IK value for each mangrove tree using
the formula:

TLI = [IK1]+[IK2]+[IK3] (1)

The weighting values used for each location code, type, and
level of damage to mangrove forest composing trees are
different. The weighting values used in data analysis are
shown in Table 3.

Azimuth 1-2 360"
Azimuth 1-3 120°
)]

Annular plot
58.9 radius (17.95 m)

Subplot
24,0’ radius (7.32 m)

Microplot
6.8" radius (2,07m) 12° @ azimuth 90"
azimuth from subplot centers (3.66 m)

Figure 1. FHM Kklaster plot design (USDA Forest Service,
1999)



Table 1. Codes of damage location

Code

Damage location

Ju—

No damage
Roots (exposed) and “stump” (12 inches (30

cm) in height from ground level)

Roots and lower bole
Lower bole (lower half on the trunk between
the “stump” and base of the live crown)
Lower and upper bole

(S I VA S

Upper bole (lower half on the trunk between the

“stump” and base of the live crown)

Crown stem (main stem within the live crown

area, above the base of the live crown)

7

9

Branches (> 1” at the point of attachment to the
main or crown stem within the live crown area)
8 Buds and shoots (the most recent year’s growth)

Foliage

Source: Nuhamara and Kasno [18]

Table 2. Code and type of damage and severity type
according to the threshold

Code Type of damage Severity threshold
S -
o1 Cancer >20% of _the circumference
at the point of occurrence
Conks, fruiting bodies, None, except for >20% for
02 and other indicators of roots > 3 feet (0.91 m) from
advanced decay bole
> 20% of the circumference
03 Open wounds at the point of occurrence
. . > 20% of the circumference
04 Resinosis or gummosis -
at the point of occurrence
None />5’,1,52m in
05 Broken / Cracks and length and on at least 20%
stems
of branches
o X
06 Nest termite 2 20% the point of
occurrence
Broken bole or roots lees
11 than 3 feet (0.91 m) from None
bole
12 Brooms on roots or bole >20% of roots
Broken or dead roots
13 (beyond 3 feet (0.91 m)) >20% of roots
from bole
. L > 20% the point of
20 Liana/Vines in the occurrence / > 20% of live
crown
crown affected
Loss of apical o
21 dominance, dead terminal 2 1% crown stem
0,
22 Broken or dead > 20% of branches or
shoots
Excessive branching or Y
23 brooms within the live = 20% of branches or
brooms
crown area
24 Damaged buds, foliage or > 30% of buds, foliage or
shoots shoots
25 Discolaration of foliage > 30% of the foliage
N .
26 Gall rust > 20% the point of
occurrence
31 Others None

Source: Johnson and Lyon [19]

The value of mangrove woodland health status (NKH) is
obtained from the final cost of tree-level harm conditions. The
last tree-level damage condition score results from each cluster
plot's weight value and tree-level damage score. The
mangrove health status class includes three (3) categories:
good, medium, and bad. The health reputation class of
mangrove forests is obtained from the brink value of mangrove
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woodland health. The threshold value for mangrove woodland
health is obtained primarily based on the best and lowest very
last health values from the final health value of mangrove
forests in each of the FHM mangrove woodland clusters.

Table 3. Weighting values for each location code, type and
severity level of mangrove forest making up trees

Tree Tree

damageWeightingdamageWeightingSeveriTl}g‘;ma eWeighting
location value (x) type value (y) ?(; de 8¢ value (z)
code code
0 0 01,26 1.9 0 1.5
1 2.0 02 1.7 1 1.1
2 2.0 03; 04 1.5 2 1.2
3 1.8 05 2.0 3 1.3
4 1.8 06 1.5 4 1.4
5 1.6 11 2.0 5 1.5
6 1.2 12 1.6 6 1.6
7 1.0 13;20 1.5 7 1.7
8 1.0 21 1.3 8 1.8
22;23;
9 1.0 24;25; 1.0 9 1.9
31

Source: Safe;i et al. [20]

3. RESULTS AND DISCUSSION
3.1 Damage location, type, and severity

3.1.1 Damage location

The location of tree damage describes the location or
position of the damage in each mangrove tree. Observation of
tree damage is done by looking at the whole tree (starting from
the bottom). Therefore, not all of the damage found was
recorded as sample data, but instead, data on the damage that
met the threshold criteria were taken from each location. The
results of the observation of the area of damage to the
mangrove forest showed that the sites of the most damage
occurred in the shoots and shoots of 95 locations of damage
(30.74%) (Figure 2).

Leaves

Shoots and buds

Branch

Canopy Fod

The top of the stem

The bottom and top of the branches

Lower stem

Location of tree damage

Roots and lower stems

] 20 40 60 80 100
Number of tree

Figure 2. Number of trees and location of tree damage

The damage that mainly occurs in mangrove forests can
occur due to attacks by destructive pests or natural conditions
that cause the leaves on the shoots and shoots to be damaged.
Symptoms of hollow leaves occur due to bagworm pests. The
bagworm eats the leaves, causing holes in the leaves. The type
of bagworm found in the field was Pagodiella spp. and
Acanthopsyche spp. The Pagodiella spp. is the primary pest
that attacks the leaves in mangrove forests stands with
considerable damage. This is because the species commonly
found in the field are bagworms that have the characteristic of



a pagoda-shaped pouch. According to Wahid [25], the most
dominant species found in the mangrove forest field, both
population and damage, is Pagodiella spp.

Figure 3. The damage location on shoots and buds

Based on Figure 3, the location of damage that mainly
occurred in mangrove forests apart from the shoots and shoots
was on the branches as much as 70 (22.65%) damage, lower
stems as much as 52 (16.83%) damage leaves as much as 31
(10.03%) and the top and bottom of the branch as much as 26
(8.41%) damage. Therefore, the location of tree damage helps
identify the type of tree damage that has occurred because each
area of damage has different characteristics or types of damage
symptoms.

3.1.2 Tree damage type

This type of tree damage is a form of plant growth
disturbance whose symptoms can be seen from the shape, size,
color, and texture. Tree damage disturbances occur due to
disruption of physiological processes caused by disease,
insects, and other abiotic causes. In addition, tree damage can
also be caused by climate change. Climate change causes
increased forest destruction and tree mortality from both direct
and indirect causes [26]. Damage to trees can be caused by
many unfavorable factors that result in disturbance to different
tree species. According to Safe'i et al. [27], tree damage affects
the physiological feature of trees, decreases tree growth rate,
and reasons tree dying. This damage can also disrupt the
functions of mangrove forests. An essential characteristic of
mangrove ecosystems changed into a sequence that connected
marine and terrestrial ecosystems (downstream watershed
areas). In addition, mangrove forests produce large amounts of
natural organic material, especially clutter, so that mangrove
forests want to be maintained so that these features are
conserved [22].

Based on Figure 4, the type of damage that is most
commonly found is in the kind of damage to open wounds of
plants that have damaged open wounds that will show peeling
bark or branches, including fractures, but no further
weathering has occurred. This damage is more likely to be
caused by animals, for example, widening (such as crabs). The
development of this open wound will cause more damage if it
is later associated with a disease or strong winds. Several
factors can also cause open injuries. Namely, the result of
human behavior and can also occur due to natural events such
as friction between trees, damage to open wounds can also
occur due to stem destroying pests found in the form of termite
attacks, which make houses along the trunk road to the
branches. In addition, termite attack (Prorhinotheres sp.)
causes damaged tissue in branches and trunks, resulting in the
death of mangrove branches and stems. Besides that, it is also
caused by the competition of plants to seek nutrient intake
from sunlight. This type of damage dramatically affects the

310

physiological processes of plants because open wounds appear
on the stem. The trunk is the food transportation route for the
tree, and if the item is damaged, the process will be disrupted.

1% "
2% 2% m Branches broken / dead

= Resmosis / gummosis
= Open wounds

1%
u Loss of dommant shoots

= Leaves change coler

= Leaves, shoots or buds are

L Stemasg-' roots are broken

Figure 4. Percentage of trees and type of tree damage that
occurred at the study site

Figure 5. Type of damage: Open wound (a); damaged buds,
foliage and shoots (b)

Other types of damage often found are hollow leaves, shoots,
and shoots damaged by strong winds or pests. This damage
can occur due to pests or diseases. According to Ardiansyah
and Safe’i [28], the type of damage can be caused by various
factors, such as disease, pest attacks, weather, and animals.
Pests that attack the leaves of mangrove trees are of the type
Lepidoptera in the larval stage. Symptoms of leaves eaten by
Lepidoptera larvae are that the leaves become hollow, turn
yellow, and fall. This makes it difficult for the leaves to carry
out the photosynthesis process, affecting the food
transportation system in mangrove trees. Another result is that
these larvae damage the leaves, and eventually, the branches
are also damaged to dry and rot. Type of gamage can be seen
in Figure 5.

Other damages found quite a lot were in broken / dead
branches and loss of dominant shoots. Pests and diseases can
cause this damage. Another indication of the cause is
competition between mangrove trees in the mangrove forest
area. This competition between mangroves is due to healthy
competition, especially in the mangrove forest areas of
Labuhan Maringgai, Pasir Sakti, and TNWK sub-districts
composed of the same or homogeneous mangrove trees,
namely Avicennia marina and Rhizophora sp. For example,
according to Bintoro [29], Mangrove forests in East Lampung
Regency (Labuhan Maringgai, Pasir Sakti, and TNWK sub-
districts) are dominated by white api-api mangroves
(Avicennia marina) and oil mangroves (Rhizophora apiculata).
Likewise, the damage to the ecosystem of protected mangrove
forest areas: conversion of mangrove forests that are no longer
environmentally friendly, pollution and illegal logging, and
impacts on the human component [27]. The loss of the
dominant shoot due to drought will be followed by death that
causes a fracture. This damage causes many shoots to grow on
the main stem, so plant growth decreases, reduces wood
production, and produces trees of low economic value.



3.1.3 Severity threshold value

The threshold value of severity is a value that describes the
amount of seriousness of a type of damage; The severity
threshold value is used to record the kind of damage to the tree.
If it meets the threshold of severity, the type of tree damage
can be recorded, but if the damage does not meet the
seriousness threshold, the damage is not registered. For
example, the highest severity level is found in code 2 with a
class of severity values between 20-29%, a relatively high
second severity level occurs in code 3 with a severity value
between 30-39%, and for the second-highest severity level is
code 4 with a severity class. In the amount of 40-49%. The
number of trees and the code for the severity threshold that
occurred at the research location can be seen in Figure 6.

Code value of severity

0 50 100 150

Number of Trees

200 250

Figure 6. The level of attack severity in mangrove forests
3.2 Value of mangrove forest health status

The damage level index is classed into two ranges: the Plot
Level Index (PLI) and Cluster Level Index (CLI) indices. The
index threshold for the level of harm to mangrove forests is
classed into good, medium and bad (Table 4). The outcomes
of the mangrove forest power popularity are shown in Table 5.

Based totally on the multiplication result among the
weighted value and the value of the ecological indicator
parameter score for woodland fitness in each FHM plot, the
very last value of mangrove forest health is obtained. The
weighted value used to assess the health of mangrove forests
refers to research conducted by Safe'i et al. [30] with a value
of 0.45. The results of the forest health assessment are shown
in Table 5.

Table 4. Threshold values of vitality in community forests

Class threshold values of vitality
in mangrove forest

Vitality categories of
mangrove forest

5.50-6.75 Good
4.06 -5.40 Medium
2.70 — 4.05 Bad

The common wooded area health circumstance inside the
coastal vicinity of East Lampung Regency is in the medium
category with a median NKH value of 5,04. The mangrove
woodland in the seaside place of East Lampung Regency is
applied and controlled by the encompassing community,
particularly people who depend on the mangrove woodland.
The mangrove forest in East Lampung Regency is a protected
forest, so this forest area is naturally intended to regulate water
management, prevent floods and erosion, and maintain soil
fertility. So far, the government and the community have
worked together to conserve mangrove forests. This is
consistent with the statement of ref. [31], which states that in
overcoming forest degradation and land degradation, forest
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conservation efforts are needed through various conservation
programs from the government and involving communities
around the forest. Therefore, the mangrove forests in East
Lampung Regency are managed and developed synergistically
by the local community, regional government, and central
government so that the health condition of the mangrove
forests is well maintained.

Table 5. Final values of forest health (NKH) in mangrove

forests
Plot Cluster NKH Category
1 4.95 Medium
2 4.95 Medium
3 5.40 Medium
4 6.30 Good
5 4.95 Medium
6 2.70 Bad
7 6.30 Good
8 6.75 Good
9 5.40 Medium
10 2.70 Bad
Average 5.04  Medium

4. CONCLUSIONS

The health status value of mangrove forests within the
coastal regions of East Lampung Regency is typical at medium
criteria (5.04). This is because the mangrove forests in East
Lampung Regency are used and managed through local groups,
mainly individuals who rely on those mangrove forests. So far,
the government and the community have worked together to
conserve mangrove forests. As a result, the mangrove forests
in East Lampung Regency are managed and evolved
synergistically by the local people, regional government, and
central government so that the health condition of the
mangrove forests is well maintained.
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