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Abstract—Mangrove forests are a life-support system and
have ecological, socio-cultural, and economic benefits.
Monitoring trends in forest health indicators is carried out
to control forest damage so that it remains below the loss
threshold, thereby ensuring the sustainability of mangrove
forests. The margasari mangrove forest is one of the
ecosystems in lampung province that acts as a buffer and
protector for coastal areas. A healthy forest is one that can
carry out its functions in a real way, be they conservation
functions, protection functions, or production functions.
The margasari mangrove forest is categorized as a
protected forest, so it needs to be monitored intensively so
that its sustainability is maintained. The aim of the
research is to determine trends in health indicators for the
margasari mangrove forest in east lampung regency. The
research was carried out using the forest health monitoring
method, observing each tree in the plot clusters and
analyzing ecological indicators including productivity,
vitality, and site quality. The research results show that
productivity indicators have increased by 1.716 m3/ha S-
Cand 10.31 m3/ha P-T, CLI has increased by 3.22 S-C and
4.86 C-T, VCR has decreased by 2.05 S-C and 0.01 C-T,
and indicators of soil pH experienced a decrease in S-C of
0.002 and an increase in C-T of 0.085. The fluctuations and
condition of each indicator are influenced by changes in
the condition of the ecological indicators of the mangrove
forest and by human activities and natural conditions that
threaten the sustainability of the mangrove forest.
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L INTRODUCTION

Monitoring trends in forest health indicators is carried out
to determine the level of trend in forest health indicator
conditions that occur in a forest area (Nabila et al., 2022).
Health indicator trend monitoring data is used as a reference in
management units for sustainable forest management, so that
decisions can be made quickly and accurately (Alnursa, 2022).
Mangrove forests are a life support system and have ecological,
socio-cultural and economic benefits (Nurfaizi and Safe'i,
2023). Monitoring forest health indicators is an activity carried
out to control forest damage, so that it remains below the loss
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threshold, thereby ensuring the sustainability of mangrove
forests (Safe’i, Kaskoyo, et al., 2022). The margasari mangrove
forest, which functions as a coastal protector, is a strategic
location for fishing for fishermen and has the potential to store
carbon absorption. Currently monitoring trends in forest health
indicators is still rarely carried out, even though monitoring
forest health is important. By knowing the trend of forest health
indicators, we can find out what the trend condition of each
forest health indicator is forest health indicators include
productivity, vitality, biodiversity and site quality. Productivity
measurement is a measurement carried out to determine the
condition of tree growth within a certain period; vitality is a
measurement carried out to determine the condition of tree
damage that has occurred, including the type of damage,
location of damage, and level of severity (Safe’i et al., 2019).

A measurement of biodiversity indicators is a
measurement carried out to determine the condition of
biodiversity in a forest area. Site quality measurements are
carried out to determine the condition of soil fertility. This is
done to find out whether the condition of the soil supports the
growth of trees in an area. This is related to the condition of
nutrient storage or nutrients stored in the soil. The margasari
mangrove forest has an area of 817.59 ha and is in the green
zone of the gunung balak KPH. The dominant vegetation is api-
api Avicennia sp. and mangroves Rhizophora sp. (Abda, 2019).
The margasari mangrove forest is a habitat for marine biota,
preventing marine intrusion, preventing abrasion, and
protecting coastal areas (Safe’i e al., 2022). Therefore, it is
necessary to monitor trends in margasari mangrove forest
health indicators as a form of sustainable forest management
(Ecke et al., 2022). The natural resources contained in
mangrove forests have several relationships that fulfill the
needs of living creatures, such as food and the environment.
Mangrove forests have great tourism potential for community
welfare, but the use of mangrove forests is not yet optimal due
to inadequate human resources. Ecologically, mangrove forests
have a very important role for the environment, such as
blocking waves, blocking winds from the sea, and providing a
place for wild animals to live (Alnursa, 2022).

Forest health monitoring is a method used to determine
the condition of forest health indicators. This method was
developed in the united states as a method used by management
units in forest management. This assessment of forest health
conditions or forest health indicators has been implemented for

—242-


https://creativecommons.org/licenses/by-sa/4.0/
https://www.openaccess.nl/en
mailto:rahmat.safei@fp.unila.ac.id
https://crossmark.crossref.org/dialog/?doi=10.51967/tanesa.v24i2.0000.%20&domain=pdf

Buletin Poltanesa Vol. 24 No. 2 (December 2023) 242-247 p-ISSN 2721-5350 e-ISSN 2721-5369

a long time, since 1997. Good planning can produce good
forest conditions according to their function. In making policies
and decisions, an accurate and real basis is needed as a
reference in determining long- and medium-term management.
However, if decision-making is not based on ecological
parameters, the goals to be achieved for sustainable forest
management in a prosperous community will not be met.
Monitoring forest health trends is carried out based on follow-
up research that has been carried out previously, namely
research carried out in 2020 and 2021. The first research was
carried out to determine the status, and the second related to
changes that occurred. This forest health indicator assessment
aims to determine the current condition and whether the forest
is said to be healthy or not. The second assessment was carried
out to determine changes that occurred after measuring the
status, and the third assessment was carried out to determine
trends that occurred in a mangrove forest area (Rizky Pratama
et al., 2022). The method refers to ecological indicators
including productivity, vitality, and site quality (Ardiansyah &
Safe’i, 2021). Forests are said to be healthy if they can carry out
their main functions, including protection, conservation, and
production (Safe’i et al., 2018). The functioning of forests has
a comprehensive impact on the sustainability of forest
ecosystems. The aim of the research is to determine trends in
health indicators for the margasari regency mangrove forests.

II. LITERATURE REVIEW

Mangroves are a type of tree that can live between
fresh water and sea water. Mangrove forests are
characterized by being influenced by tides; fresh water
flows from land to sea. So the surrounding mangrove
forest will become brackish water (Nurcahyani et al.,
2022). The margasari mangrove forest has an area of
817.59 ha (Nurfaizi and Safe'i, 2023). The margasari
mangrove forest is an ecosystem that holds physical,
ecological, and economic potential (Siddiq, 2023). The
existence of mangrove forests has a role as a barrier to
abrasion, resists seawater intrusion, and provides real
benefits to the surrounding community for the livelihood
of fishermen looking for fish. Forest health, according to
(Pangestu et al., 2022), ecosystem health or forest health is
related to biological interactions.

Forest health assessment is intended to identify
current forest conditions, changes, and trends that are
occurring (Safe’i et al., 2021). Assessment of trends in
forest health indicators is an activity carried out to
determine trends in forest health indicators in a forest area,
which include productivity, vitality, and site quality.
Information regarding forest health becomes a reference in
decision-making in the sustainable management of
mangrove forests. The success of a forest health indicator
is influenced by the environmental conditions of the
mangrove ecosystem and the silvicultural system
implemented (Indriani et al., 2020). A healthy forest is a
forest that can carry out its functions, such as protection,
conservation, and production (Safe’i & Upe, 2022).

III. RESEARCH METHODS

The research was conducted in the mangrove
forest of margasari village, labuhan maringgai district,
east lampung regency, in 2022. The tools used in the
research included tally sheets, plastic labels, permanent
markers, magic cards, compasses, pine nails, 20-cm
paralon, roll meters, price meters, tape meters, digital
cameras, and GPS. The object of this research is to
measure all tree stands in measuring plots that follow the
standard forest health monitoring references in
mangrove forests. The forest health monitoring standard
is a standard for measuring forest health using ecological
indicators of mangrove forests, covering productivity,
vitality, and site quality. An overview of the research
location can be seen in figure 1.
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Figure 1. Research location

A.  Research stages

Assessment of trends in forest health indicators is
carried out by observing ecological indicators, which
include productivity, vitality, and site quality of all
vegetation in poll clusters. The determination of plot
clusters in mangrove forests is based on strata C/Avicennia
sp. and D/Rhizophora sp. Therefore, the number of cluster
plots created was four clusters distributed in each stratum.
The research stages include determining the location of
plot clusters in a forest area using previous research
locations that were carried out in 2020 and 2021, making
plots for each cluster in the form of a circle, collecting data
including productivity values and tree growth rates over a
period of time, measuring the vitality and condition of tree
damage and tree canopy conditions, assessing site quality
and soil fertility in forest areas, which aims to determine
how the condition of the area supports tree growth, and
analyzing research data using the forest health monitoring
method. The form of the cluster design can be seen in
figure 2.
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Figure 2. Form of FHM cluster plot

This method is designed to determine the condition
of forest health by calculating the weighted value and the
extract score value for each forest health indicator
parameter. After obtaining the status values, changes, and
trends in forest health indicators, a comparison of indicator
measurements is carried out based on measurements that
have been carried out for 3 years (Safe’i, Rezinda, et al.,
2022).

B.  Measuring mangrove forest health indicators

Measuring trends in mangrove forest health
indicators is carried out using the forest health monitoring
method. Observation of each tree in the plot cluster, with
analysis of ecological indicators including productivity,
vitality, and site quality. The explanation of each
ecological indicator is as follows.

1. Productivity

Measurement of tree growth in an annular plot.
Productivity measurements were carried out at the tree
stage that had a diameter of >20 cm. The productivity
formula can be seen based on equation 1 (Safe’i & Upe,
2022).

LBDS = 1/4 n(dbh)? (1)

Information. LBDS: basal area, m: 3.14, dbh?: tree height
at breast height.

2. Vitality

Vitality measurements for each tree are carried out
visually, including damage to and condition of the tree
canopy. Observation of damage covers the tree roots to the
crown. Measurement of tree damage to the annular plot.
The crown condition observation section includes crown
density, crown diameter, width and crown diameter, live
crown ratio, dieback/CDB, and foliage transparency. The
condition of tree damage was analyzed based on the
damage index value at the plot cluster level. The vitality
formula can be seen based on equation 2 (Safe’i et al.,
2021).

IK=XxYxZ (2)

Description. X: location of damage, Y: type of damage, Z:
severity of damage

3. Tread quality

The site quality data used is soil pH conditions. Soil
samples were taken at three points between annular plots.
Each sample was taken using a pipe with a diameter of 15
cm and a depth of 10 cm. Soil pH analysis is carried out
using a pH meter.

C. Assessment of trends in mangrove forest health

Indicators the final assessment of mangrove forest
health indicators is obtained from the final value of the
condition of the forest health indicators, which is the result
of calculations between each indicator. The final
formulation of forest health indicator assessment can be
seen in equation 3 (Safe’i et al., 2021).

NKH =Y NTx NS 3)

NKH: final value of forest health indicators; NT: weighted
value of each indicator; NS: score value of each indicator.

IV. RESULTS AND DISCUSSION

Assessment of trends in margasari mangrove forest
health indicators using the Forest Health Monitoring/FHM
method. By observing ecological indicators including tree
productivity, tree vitality, canopy condition, and site
quality, which were developed by Mangold in 1997, this
method was designed because of concerns about global
climate change caused by forest destruction (Indriani et al.,
2020).

1. Trend tree productivity indicator

The productivity indicator assessment aims to obtain
the standby potential value of the margasari Mangrove
Forest (Safe’i, 2020). In this way, decision-making in
sustainable management can be considered from the
silvicultural aspect. The influence of high- or low-potential
stands will influence how forests are managed sustainably.
The trend value of productivity indicators in the margasari
mangrove forest has increased in several plot clusters. This
shows that there is an increase in tree growth performance.
The data on trend values of tree productivity indicators is
presented in table 1.

Table 1. Trend values of tree productivity indicators

Cluster- Productivity
POU Staws (m'ha)  Change (m'ha) (14
1 0,031 0,05 148
2 0,028 15 1,769
3 0,045 0,32 5,145
4 1,51 1,46 5,248
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The trend value of tree productivity indicators
experienced an increase in tree growth performance,
starting from cluster 1 at 0.73 m3/ha, cluster 2 at 1.6
m3/ha, cluster 3 at 2.68 m3/ha, and cluster 4 at 1.84 m3/ha.
The trend value of tree productivity indicators in the
margasari mangrove forest continues to increase, with an
average increase of 6.87 m3/ha. The increase in
productivity indicator values is influenced by optimal
climatic conditions and low levels of pest attacks and
damage to trees. Meanwhile, the decline in productivity
values is influenced by pests and diseases, unsupportive
environmental conditions, and coastal roughness, which
affect the existence of mangroves (Yulianda, 2023).

2. Trend tree vitality indicator

Tree damage affects the psychological and
physiological effects of trees; the value of the level of tree
damage is determined by the severity, amount of damage,
and type of tree damage. Assessment of trends in tree
health indicators uses the damage index value for each
individual tree (level index—CLI). The value of tree
damage has increased continuously in several clusters,
with a significant increase in the trend assessment. The
CLI values for each FHM cluster plot are explained in
table 2.

Table 2. Trend values of tree vitality indicators

3. Trend indicator for tree crown condition

The crown of a tree is the part of the tree trunk from
the diameter of the tip to the top of the tree. Visual crow
ration/VCR calculation. The VCR trend value for each
measurement is presented in table 3.

Table 3. VCR indicator trend values

Cluster- VCR
plot Status Change Trends
1 3,75 2,52 2,99
2 3,04 2,99 2,51
3 3,33 2,7 2,69
4 3,72 3,58 3,58

Cluster- CLI
plot Status Change Trends
1 0,58 1,8 2,80
2 0,59 1,96 1,53
3 2,07 2,7 4,50
4 1,58 1,58 4,07

The value of the tree vitality indicator shows how
much damage the tree has experienced, but in Table 2, the
accumulation of tree damage per cluster is explained.
Clusters 1 and 2 continue to experience an increase in tree
vitality values from assessing status, changes, and trends.
Meanwhile, in clusters 3 and 4, the status assessment of
changes did not experience an increase or decrease (the
value remained constant), whereas in the trend assessment
there was a significant increase. Cluster 1 experienced an
increase with an average value of 1.72; cluster 2 was 1.15;
cluster 3 was 1.53; and cluster 4 was 1.24. Based on the
accumulated results, it shows that the trend of increasing
tree vitality indicator values in the margasari mangrove
forest is 5.66. A damage type is a variant or form of
damage that occurs to individual trees. There are several
dominant damages that occur in the margasari mangrove
forest, such as open wounds on tree trunks, broken roots,
and the loss of dominant shoots. This type of damage is
identified based on the characteristics or symptoms that
occur in terms of size, shape, color, and texture (Rohman
et al., 2023). This damage can occur due to biotic and
abiotic factors, such as human activities and natural
conditions.

The trend value of the mangrove forest VCR
indicator decreased in each cluster; in cluster 1, there was
an average decrease of 0.75, while in cluster 2, there was a
decrease with an average of 0.52, cluster 3 experienced an
average decrease of 0.63, and cluster 4 experienced an
average decrease of 0.13. The decrease in the value of the
VCR indicator is caused by strong winds (Farhaby et al.,
2020). The density factor also limits the growing space so
that the growth of branches and leaves is hampered, which
is caused by slow tree metabolism and photosynthesis
processes (Nurfaizi and Safe'i, 2023).

4. Trend indicator of tread quality conditions

Soil pH conditions affect tree growth. Tree vegetation
in mangrove forests will grow optimally if the pH is in a
neutral range of 6.6 to 7.7. With neutral soil pH conditions,
mangrove vegetation finds it easier to absorb nutrients
(Setiawan, 2013). The details of the soil pH for each
measurement are presented in table 4.

Table 4. Trend of soil pH condition indicators

Cluster- Tread quality
Plot Status Change Trends
1 7,1 7,1 7,26
2 7.2 7,24 7,36
3 7,32 7,27 7,33
4 7,26 7,26 7,26

In Table 4, it is explained that the soil pH trend
condition is at number 7 with alkaline conditions. Clusters
1 and 2 showed an average increase in pH of 0.16; for
cluster 3, there was an average increase of 0.01, while
cluster 1 did not experience an increase or decrease in
value. Soil pH conditions in the range of 6-7 are a suitable
pH for mangrove growth. High pH is influenced by low
soil sulfur content, which is caused by the weathering of
organic material in mangrove vegetation. Meanwhile, the
low soil pH in mangrove areas is caused by the breakdown
of vegetation litter by microorganisms, resulting in
increased organic acids and decreased soil pH (Farhaby,
2019).
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5. Trend values of margasari mangrove forest health
indicators
The final value of forest health indicators is obtained
based on data analysis for each indicator. Next, data

analysis was carried out regarding the comparison of
measurement values for status indicators, changes, and
trends. The measurement results and data are presented in
figure 3.
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Figure 3. Trend values of forest health indicators

In figure 3, the health indicator values of the
margasari mangrove forest are shown. In the assessment,
productivity indicators experienced a continuous increase
of 1,716 m3/ha S-C and 10.31 m3/ha C-T. This shows that
mangrove forests are experiencing an indicator trend that
continues to increase (improving) as time goes by. The
CLI trend in the margasari mangrove forest experienced an
increase of 3.22 S-C and 4.86 C-T. The higher the CLI
value, the greater the value of tree damage, which
continues to decrease. The VCR indicator continues to
decline from year to year: 2.05 S-C and 0.01 C-T.
Measurements of soil pH indicators showed a decrease in
S-C measurements of 0.002 and an increase in C-T
measurements of 0.085. The high and low values of forest
health indicators are influenced by the values of ecological
indicators in the mangrove forest location. A comparison
of measurements is carried out to determine the health
condition of the forest from year to year in order to make
the right decisions so that the mangrove forest is
sustainable. The condition of the margasari mangrove
forest health indicators is caused by the interaction of the
surrounding community and natural conditions that are
naturally threatening. Community interactions with forests
can have a significant impact on forest sustainability. Both
in the form of management, protection, and sustainable use
(Gumilar, 2018). Thus, it is necessary to preserve and
protect mangrove forests from various disturbances that
threaten the existence of healthy forests so that the forests
are sustainable for a prosperous community.

V. CONCLUSION

The health indicators of the margasari mangrove
forest in east lampung regency experience fluctuations in
quality from year to year. The productivity/tree growth and
tree vitality/damage indicators have increased with each
measurement from status condition to trend, so it can be
said that productivity conditions continue to rise, while the

VCR indicator has decreased in value with each
measurement, so the trend is down and soil pH has
decreased in measuring changes and experiencing
increases in trend measurements. The fluctuations and
condition of each indicator are influenced by changes in
the condition of ecological indicators that affect the
silvicultural system of mangrove forests, human activities,
and natural conditions that significantly threaten the
sustainability of mangrove forests.
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