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ABSTRACT Mangrove plays an important role in the coastal area in particular as an ecological service, yet ecosystem cover has been
declining for decades. This research was designed to find out the vegetation diversity of mangroves in Klawalu, Doberai Peninsula,
Indonesian New Guinea. The 30 nested plots were located in three locations as the representation of mangrove fringe, intermediate,
and landward zone, consecutively. This study revealed that mangrove forest consists of 21 species classified as the main structure and
9 species as mangrove associates. In general, the mangrove forest is able to regenerate naturally where fecundity establishment can
be seen by the number of small individuals. The species diversity and the number of individuals from the edge to the inland increase
resulting from tidal factors affecting the seed dispersal and sapling establishment. Practically, government intervention is needed to
strengthen the status of the area as a protected area by means of regional regulations to manage sustainably the mangrove.

KEYWORDS: Coastline, mangrove, propagule, Shannon-Weiner Index, tropical forest, viviparous.

Introduction

The latitudinal diversity gradient of vegetation re-
fers to the pattern of plant species richness and diversity
changing with latitude characterized by higher species
richness in tropical regions near the equator and decreas-
ing diversity towards the poles (Hofhansl et al. 2020, Li-
ang et al. 2022). Specifically, the richest vegetation based
on taxonomy for the species level is in mainland New
Guinea with lifeform distribution ranging from lowlands
to highlands (Camara-Leret et al. 2020, Murdjoko, Djit-
mau et al. 2021, Tawer et al. 2021). In the lowland areas
themselves, many types of ecosystems and sub-ecosys-
tems are formed, especially in areas bordering marine or
aquatic ecosystems (Camara-Leret and Dennehy 2019,
Canty et al. 2022). The mangrove ecosystem is one of
the structures of the lowland biome with the adaptation
to survive using anatomical and morphological ability
to tidal movements. Moreover, the vegetation of man-
grove forests can adapt to salinity caused by seawater.
The process of this adaptation can be seen morpholog-
ically in the form of modified roots as aerial roots and
anatomical tissues that can tolerate salinity by seawater
and evaporation resulting in salt crystals on the surface of
the stems and especially the leaves. These conditions have
made the ecological characteristics of the vegetation of
mangroves able to survive in the transitional areas (eco-
tone) of waters, especially seawater, and land (Kathiresan
and Bingham 2001, Matthijs et al. 1999). Consequently,
the taxonomic number in mangrove forests is mostly
lower than in primary or secondary forest areas on the
mainland which have high species richness with lifeform
variations. Ecologically, the mangrove area functions as

an ecosystem for other organisms, especially aquatic or-
ganisms such as a place to live and reproduce for some
fish and crabs (Feller et al. 2010, Field 1999, Polidoro et
al. 2010). In addition, the shape of the roots that appear
on the surface can be a support for the accumulation of
sediment from litter and other organic materials, so the
role of mangrove areas is currently being considered as
carbon sequestration commonly known as “blue carbon”
(Safwan Azman et al. 2023, Sarker et al. 2019, Sasmito
et al. 2020). Anthropologically, the existence of the man-
grove forest supports the activities of local communities
who already live around the mangrove area. Many studies
showed that mangrove forests have become an import-
ant part of contributing to the livelihood of local com-
munities such as finding food sources viz. fish, shellfish,
and crabs. Some local communities have used wood for
house construction as well as community needs such as
firewood and traditional medicinal materials for gener-
ations (Arbiastutie et al. 2021, Gnansounou et al. 2021,
Islam et al. 2022, Liebezeit and Rau 2006).

The Vogelkop of Papua Island has coastal areas con-
sisting of mangrove forests where some are in Doberai
Peninsula located in the western part (administratively
included in Sorong Regency, Sorong City, South Sorong
Regency, and Tambrauw Regency) and south, especially
the Bintuni Bay area. For this reason, scientific observa-
tions are needed to reveal the biodiversity of mangrove
vegetation. It is crucial to study mangrove vegetation as
some publication results indicated that the mangrove area
has decreased a lot in the area due mainly to human activ-
ities (anthropological factor). Some studies showed that
mangrove areas have been decreased resulting mainly
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from the conversion to other functions in a very massive
area, and also in some places, there has been partial rec-
lamation of mangrove areas (Hagger et al. 2022, Sasmito
et al. 2023). Hence, the need for research to reveal one of
them biodiversity for vegetation is of very crucial interest.

Figure 1 - The location of research for mangroves in Klawalu with
the fringing zone (A), the intermediate zone (B), and the landward
zone (C) which is given a green box symbol.

The development programs in developing regions
such as Sorong City are requiring areas to fulfill them.
In coastal areas, the areas are mainly dominated by man-
grove forests, but the use of mangroves must be conduct-
ed wisely since the mangrove has an ecological function.
Currently, some of the mangrove areas have been devel-
oped as tourist areas. Ecologically, this area provides a
barrier and supports the diversity of organisms. However,
the biodiversity of vegetation in the Klawalu mangrove
area has not been scientifically revealed. Therefore, the
purpose of this research was to study the species richness
and diversity of the Klawalu mangrove forest. The study
was crucial to provide scientific and valid information for
vegetation diversity.

Materials and Methods

Study area

The location of research was carried out in the Kawalu
Mangrove Forest area of the Doberai Peninsula which is
administratively part of Sorong City (Fig. 1). This area has
several parts of mangrove forests which are designated as
Areas for Other Uses (APL) on the mainland and there
are Convertible Production Forests (HPK) functions
around the west and east, while in the outer areas such
as the islands to the west designated as Protected Forest
(HL). The data collection was carried out in the APL area
which is the main structure of the tourist area managed
by the Sorong City government through the Tourism
Office and has been running officially since 2019. Data
collection was carried out in the area around the es-
tuary or fringing which represents the fringing zone of
the mangrove (A), intermediate zone - the middle area
which represents the middle part of the mangrove veg-

etation (B), and landward - the area considered as the
boundary between mangrove vegetation and terrestrial
vegetation (C). Geographically, the positions of the three
locations are location A (0°55°4.80”S, 131°18’4.45”E), lo-
cation B (0°54°58.98”S, 131°18’9.60”E), and location C
(0°54°55.81”S, 131°18’19.94”E). The consideration for di-
viding the location is to observe the gradient of vegetation
biodiversity from areas adjacent to waters where there are
influences from tides to land areas that were not much
affected by tides.

Vegetation Sampling and Data Collection

We performed nested-circular plots in which each
plot consisted of a plot with a radius of 7 m. The plot was
to collect vegetation categorized as large individuals with
criteria having a diameter greater than 5 cm. Then, within
the plot, a subplot with a radius of 2 m was set to collect
vegetation categorized as saplings with a diameter of less
than 1 cm and a height of less than 1.5 m while small in-
dividuals with a diameter between 1 - 5 cm and a height
taller than 1.5 m. Furthermore, the number of plots for
each location was 20 plots and they were placed parallel
to the coastline, so there were a total of 60 plots. The mi-
nimum distance for each plot at each location was a mi-
nimum of 30 m to minimize the pseudo-replication effect
(Cannon et al. 1998, Sillanpié et al. 2017). From each plot,
all individual in the plot was recorded for taxonomic in-
formation at the species level and diameter measurements
for small and large individuals along with the number of
individuals present (Sillanpéi et al. 2017). Information re-
garding the scientific nomenclature system for vegetation
followed Plants of the World Online (https://powo.scien-
ce.kew.org/, accessed on 2 February 2023 ) and World
Flora Online (http://www.worldfloraonline.org/, accessed
on 2 February 2023).

Data Analysis

To know the dominant and rare species in the man-
grove area, we executed the Importance Value Index (%)
for the growth stages of saplings, small individuals, and
large individuals (Cottam and Curtis 1956, Murdjoko
et al. 2021). The use of the formula for calculating the
analysis is as follows IVI; = RFr; + RDe; + RDo;  where
IVIi = Importance value index of species i; RFri = Relative
Frequency of individual species I; RDei = Relative Density
of individual species I; and RDoi = Relative Dominance of
individual species i. In particular, for species at the sapling
level, we only applied frequency and density to obtain the
Importance Value Index (%).

Species diversity was calculated using the Shannon-
Weiner Index, while evenness was analyzed through the
diversity index. The two indices were calculated using
the following formula of H'=—Xp;In (p,) where H'=
Shannon-Weiner for diversity index and P; = the number
of samples where tree species i is present. The value of
the evenness index was measured using E =
S is the number of species for each location (Murdjoko,
Ungirwalu et al. 2021, Spellerberg and Fedor 2003). Cal-

—— where
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culation of these two indices was carried out: to compa-
re the three growth phases of saplings, small individuals
and large individuals; to compare the three locations of
the fringing zone (A), the intermediate zone (B), and the
landward zone (C). The analysis of the two indices was
performed using the software PALeontological Statistics
(PAST) version 4.03 (Hammer et al. 2001).

Results

Taxonomic Composition and Diversity of Mangrove
Forest

We found 30 species in the Klawalu mangrove area con-
sisting of 21 species categorized as true mangroves and 9
species grouped as mangrove associates. Furthermore, the
component species in sapling level, small individuals, and
large individuals are displayed with a graph showing the Im-
portance Value Index (%) for each structure species below.

There are 24 species of saplings in the growth phase of
mangroves in this area in which the results of the Impor-
tance Value Index (%) show the dominant species such as
Sonneratia ovata Backer, Bruguiera gymnorhiza (L.) Lam.,
Rhizophora stylosa Griff., Bruguiera parviflora (Roxb.)
Wight & Arn. ex Griff., Sonneratia alba Sm., Rhizophora
mucronata Lam., Avicennia alba Blume, Rhizophora api-
culata Blume, Ceriops tagal (Perr.) C.B.Rob., and Bruguie-
ra exaristata Ding Hou. On the other hand, several species
at this sapling growth stage are categorized as very rare,
namely Lumnitzera racemosa Willd., Sonneratia caseolaris
(L.) Engl., Acrostichum aureum L., Xylocarpus moluccensis
M.Roem., Bruguiera sexangula (Lour.) Poir., and Aegiceras
floridum Roem. & Schult.

Figure 2 - Importance Value Index (%) of vegetation species ma-
king up mangrove areas for saplings.
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In the distribution of the vegetation, 24 species of small
individuals are distributed showing the dominant species
based on IVI (%) namely Bruguiera gymnorhiza (L.) Lam.,
Rhizophora stylosa Griff., Bruguiera parviflora (Roxb.)
Wight & Arn. ex Griff., Rhizophora mucronata Lam., Bru-
guiera cylindrica (L.) Blume, Rhizophora apiculata Blume,
and Bruguiera hainesii C.G.Rogers. In addition, the spe-

cies indicating a rare category are Aegiceras corniculatum
(L.) Blanco, Excoecaria agallocha L., Avicennia officinalis
L., Osbornia octodonta EMuell., Avicennia alba Blume, Ce-
riops australis (C.T.White) Ballment, T.].Sm. & J.A.Stod-
dart, Sonneratia ovata Backer, Avicennia marina (Forssk.)
Vierh., and Ceriops tagal (Perr.) C.B.Rob.

Figure 3 - Importance value index (%) of vegetation species ma-
king up the mangrove area for small individuals.
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The structures of the mangrove forest in the Kawa-
lu area identified 24 species in the growth phase at the
large individual level. Furthermore, the Importance Va-
lue Index (%) shows that many species dominate in this
area, namely Bruguiera gymnorhiza (L.) Lam., Bruguiera
cylindrica (L.) Blume, Rhizophora apiculata Blume, Rhi-
zophora stylosa Grift., Xylocarpus granatum ] Koenig, Rhi-
zophora mucronata Lam., Bruguiera hainesii C.G.Rogers,
and Bruguiera parviflora (Roxb.) Wight & Arn. ex Griff.
In addition, some species are identified as non-dominant
categories in this area viz. Sonneratia caseolaris (L.) Engl.,
Sonneratia ovata Backer, and Aegiceras corniculatum (L.)
Blanco. Overall the vegetation of the mangroves in the
Klawalu area is divided into three, namely the fringing
zone directly adjacent to the sea (A), the central area (B),
and the landward zone (C). Furthermore, the vegetation
structure is separated into three phases, saplings - indivi-
duals that have just germinated, small individuals - vege-
tation that has grown from saplings with a height of more
than 1.5 m, and large individuals with a category of vege-
tation above 5 cm in diameter.

For the sapling phase, the highest number of species is
in the fringing area and the middle part with the number
of species being 24 each, while the number of individuals
constituting the area is the fringing zone with 178 indivi-
duals followed by the intermediate zone with 87 indivi-
duals and areas that bordering the mainland vegetation
with 85 individuals. The diversity value for areas on the
waterfront and adjacent to terrestrial vegetation shows hi-
gher diversity with values A =2.99 and C = 3.06 compared
to the intermediate zone with H’ value for B = 2.96. Then,
the evenness of the species is more varied in the fringing
zone with a value of E’ = 0.97 compared to the central area
and adjacent to mainland vegetation with a value of E is B
=0.96 and C = 0.97.
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In the small individual, the number of taxa composing
each area is different as found in the intermediate zone

Figure 4 - Importance value index (%) of vegetation species ma-
king up the mangrove area for large individuals.

Large Individual

Species

(B) with the number of species 23, and then the area bor-
dering the mainland vegetation with 24 species, while the
fringing zone is 22 species. The same model also occurs
for the number of individuals, namely the central area (B)
has the highest number of individual distributions with a
value of 345 individuals and is followed by the landward
zone (C) with a total of 338 individuals, while the fringing
zone (A ) is the area with the least number of individuals
in the small individual phase with 177. The diversity in-
dices show that the landward zone (C) with an H’ value
of 3.00, and then coastal areas (A) and the middle region
(B) with A=3.06 and B=2.98, respectively. The evenness
index has variations from the three locations which are
indicated by the highest diversity value in the fringing
zone A with a value of 0.97 and the intermediate zone (B)
along with the landward zone have the same E’ value of
0.86 (Tab. 1).

Table 1 - Structure of mangroves distributing from fringing zone
(A, intermediate zone (B) to landward zone (C) along with the
number of species (Taxa_S), number of individuals (n), the diversi-
ty index (H’), and evenness index (E’).

Mangrove Ecological
A B C
structures Parameters
Taxa_S
(Spp. / 62.8 m?) 24 20 22
Sapli Individuals 178 87 85
apiings (n/62.8m?)
H’ 2.99 2.96 3.06
E 0.83  0.96 0.97
Taxa_S
(spp./1,0058m7 2% 28 24
Small Individuals
Individuals (n/1,005.8 m?) 177 345 338
H’ 3.06 298 3.00
E 0.97 0.86 0.83
Taxa_S
(spp. / 6,285.8 m?) 25 25 24
Large Individuals
2 42 411
Individuals (n/6,285.8 m?) 50 5
H’ 3.16 3.02 2.99
E 0.94 0.82 0.83

The species composition in the three areas for large
individuals show that the distribution of the highest num-
ber of species is in the intermediate zone (B) with some
species 25 and the fringing zone with 31 species, then the
next is the landward zone (C) with the number of species
being 24. The diversity of vegetation present in the three
locations also shows high variation in the fringing zone
(A) with an H’ value of 3.16, the intermediate zone with
3.02, and the landward zone (C) with an H’ value of 2.99.
In the proportion of species and the number of indivi-
duals, the fringing zone (A) with a value of E’ is 0.94, and
the central area (B) and the area bordering the mainland
(C) vegetation with 0.82 and 0.83, respectively.

For analysis of the distribution of species in the frin-
ging zone (A), the intermediate zone (B), and the lan-
dward zone (C) are shown graphically in Figures 5, 6,
and 7 below. The composition of the vegetation structure
is analyzed with the proportion of the number of species
and the number of individuals in the three areas so that it
can visualize the distribution of each species in the three
areas.

Mangrove areas are naturally composed of the main
component (true mangroves) and vegetation that is clas-
sified as an additional component or (minor component).
The saplings in the fringing zone (A) are dominated by
species Rhizophora apiculate, Rhizophora mucronata,
Bruguiera gymnorhiza, Bruguiera parviflora, Rhizophora
stylosa, Sonneratia ovata, Avicennia alba, Sonneratia alba,
Avicennia officinalis, Avicennia marina, and Sonneratia ca-
seolaris while the landward zone (C) is dominated by the
species Xylocarpus granatum and Xylocarpus moluccensis.

Figure 5 - The composition of the mangrove vegetation species
in the three locations A=fringing zone, B=intermediate zone,
C=landward zone for saplings.

For the growth phase at the small individual, the frin-
ging zone (A) is massively overgrown by species such as
Sonneratia ovata. In the intermediate zone (B ) is domi-
nated by Aegiceras corniculatum while the area adjacent to
terrestrial vegetation (C) shows the dominant species viz.
Aegiceras floridum and Xylocarpus granatum.

There are many Avicennia schaueriana, Avicennia of-
ficinalis, and Sonneratia alba found in the species of lar-
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ge individuals in the fringing zone (A). The intermediate
zone (B) is composed predominantly of Bruguiera parvi-
flora. Finally, areas adjacent to terrestrial vegetation (C)
are mostly dominated by Nypa fruticans and Xylocarpus
granatum.

Figure 6 - The composition of the mangrove vegetation species
in the three locations A=fringing zone, B=intermediate zone,
C=landward zone for small individuals.

Figure 7 - The composition of the mangrove vegetation species
in the three locations A=fringing zone, B=intermediate zone,
C=landward zone for large individuals.

Vertical Stratification of Mangrove Forest

In terms of vertical structure, the vegetation in the Ka-
walu area can be analyzed by the number of individuals
in the saplings, small individuals, and large individuals.
This information can be used to see the growth process,
especially the regeneration of each structure of species.
The results of the analysis in the graph above indicate that
not all species are present in all growth phases. Species
such as X. moluccensis and A. aureum are present only in
the form of saplings with conditions where small and lar-
ge individuals are absent or not found in this area. The
opposite phenomenon is species such as Ceriops australis
(C.T.White) Ballment, T.J.Sm. & J.A. Stoddart, Osbornia
octodonta F. Muell., Excoecaria agallocha and Avicennia
schaueriana can be found in this area as small and large
individuals without any sapling phase being encountered.

In addition to the species mentioned in these two catego-
ries, the presence of these species is found in the sapling
phase, small individuals, and large individuals (Tab. 2).

Discussion

Biodiversity of Vegetation in Mangrove Ecosystem

Vegetation analysis indicated the number of species
in each growth phase, namely saplings, small individuals,
and large individuals, is still in a good condition. Some of
the dominant species in each of these phases are species
included in the true mangroves. As many published stu-
dies stated species from genera viz. Sonneratia, Avicennia,
Bruguiera, and Rhizophora are key species in the compo-
sition of mangrove forest vegetation (Baloloy et al. 2021,
Kasihiw et al. 2023, Matthijs et al. 1999). Particularly for
species of the two genera like Bruguiera and Rhizophora,
they have a unique ability to regenerate categorized as vi-
viparous regeneration in which germination has started
since the propagules are still attached in the parent indi-
vidual (Kathiresan and Bingham 2001). This condition is
the main factor that individuals from the two genera show
in large numbers in each growth phase (saplings, small in-
dividuals, and large individuals). Moreover, these species
are annual plants and evergreen vegetation, so the repro-
duction process occurs all the time leading to the produc-
tion of propagules continuously.

On the contrary, other species such as C. australis, O.
octodonta, E. agallocha, and A. schaueriana are found in
the form of saplings at this location. The seeds are pro-
duced at any time, but the seeds take time to germinate
at this location, then they are most likely carried by tidal
currents from the sea (Correa et al. 2022, Polidoro et al.
2010). In addition, species from the lifeform group clas-
sified as palm also reproduce a lot of vegetative through
shoots or suckers viz. N. fruticans which are also present
in abundance on the edge of the land area bordering the
mainland vegetation (Murdjoko et al. 2016). This situation
results in regeneration for some of these species to expe-
rience displacement because this seed dispersal model is
counting on the hydrochory model (Correa et al. 2022).
The location of the mangrove in this area is directly oppo-
site an estuary whose flow and water level are affected by
tidal phenomena from the sea. Therefore, when the seeds
fall during the high tide to be carried away by the flow in
the estuary, or at the time of falling when the water recedes
but the seeds cannot germinate, and then when the water
level rises due to the tide the seeds are carried away by the
water. This is one of the main reasons for the low density
of the sapling phase in many species in this location.

In the analysis of species diversity based on the number
of species and the number of individuals, there is a ten-
dency for the species number to be greater in the fringing
zone except for the sapling growth phase. This event can be
explained that this mangrove forest is strongly influenced
by the presence of rivers or estuaries which are affected by
tides. The more landward it is, the less affected it is by sur-
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Table 2 - Number of individuals in each mangrove structure, i.e. saplings (n / 62.8 m?), small individuals (n / 1,005.8 m?), and large indivi-

duals (n / 6,285.8 m?) for true mangroves and mangrove associates.

. . Small Large
Structure Species Saplings Individuals Indivicuals
Avicennia alba Blume 20.8 24.8 34.8
Avicennia officinalis L. 13.8 25.8 39
Avicennia schaueriana Stapf & Leechm. ex Moldenke 0 30.2 40.4
Avicennia marina (Forssk.) Vierh. 13.2 23.8 28.8
Bruguiera cylindrica (L.) Blume 13.2 63.6 82.6
Bruguiera exaristata Ding Hou 16.4 31.4 37.6
Bruguiera gymnorhiza (L.) Lam. 26.2 70.8 83.4
Bruguiera hainesii C.G.Rogers 14.6 62 72.4
Bruguiera parviflora (Roxb.) Wight & Arn. ex Giriff. 25.6 67.6 69.6
Bruguiera sexangula (Lour.) Poir. 9.6 29.2 36.8
Marlgigves Ceriops australis (C.T.White) Ballment, T.J.Sm. & J.A.Stoddart 0 24.6 27.8
Ceriops tagal (Perr.) C.B.Rab. 17.4 23.2 29.8
Lumnitzera littorea (Jack) Voigt 12.8 28.8 32.8
Lumnitzera racemosa Willd. 11.8 0 42
Nypa fruticans Wurmb 14.2 0 34
Rhizophora apiculata Blume 19.6 62.6 81.8
Rhizophora mucronata Lam. 23 64.8 74.6
Rhizophora stylosa Ciriff. 25.8 69 81.6
Sonneratia alba Sm. 25 28 23.8
Sonneratia caseolaris (L.) Engl. 11.6 27.2 19.6
Sonneratia ovata Backer 26.6 24.4 19.6
Acrostichum aureum L. 1.2 0 0
Aegiceras corniculatum (L.) Blanco 14.4 26.2 19
Aegiceras floridum Roem. & Schult. 9.4 26.8 32.8
Camptostemon philippinensis (S.Vidal) Becc. 11.6 0 0
Mangrove -
associates Camptostemon schultzii Mast. 14.2 0 0
Excoecaria agallocha L. 0 26 0
Osbornia octodonta FMuell. 0 25.6 0
Xylocarpus granatum J.Koenig 12.2 29.2 81.4
Xylocarpus moluccensis M.Roem. 11 0 0

face water flow where the seeds that fall do not experience
displacement due to water flow (Kathiresan and Bingham
2001). Especially viviparous seeds, they can immediately
establish saplings and develop an increasing number of sa-
pling phases. Similarly, for seeds that need time to germi-
nate or dormant, these seeds are static and collect in loca-
tions close to the parent individuals which later when they
germinate also shape cohorts or groups in that location.
Furthermore, most of the mangrove species have morpho-
logical characters of fruit or seeds that are large in size so
that when they fall from the parent individuals they are
not mechanically affected by the morphological form of
the parent individuals. Another explanation is that most of
the seeds from this mangrove species are not a food source
for some animals belonging to the browser. However, the
absence or low population of crabs as propagule predation
could be another reason why those species grow abundan-
tly (Ferreira and Ganade 2015). The germination ability
leads to a high number of sapling establishments mostly
because of the non-dormant condition of seeds. This also
occurs in several species of mangrove vegetation whose li-
feform includes ferns such as those from the genus Acrosti-
chum whose reproductive organs are in the form of spores
which can also grow into new individuals when scattered
around their parent vegetation.

From the results of diversity in the context of popula-
tion dynamics, namely, the number of individuals present
in the area is higher in landward than in the fringing zone.
This, as explained above, is owing to the influence of water
flow as a result of the tides leading to some newly formed
saplings being carried away as the shape of their roots is
not yet strong enough to withstand the movement of wa-
ter flow. This condition results in the number of indivi-
duals that survive and become a process of fecundity or
sapling establishment being much less compared to land
areas where the influence of water flow due to tides is very
small. In this situation, it can be estimated that the process
of sapling establishment in the fringing zone is very low
due to the process of mobilization or movement of seeds
or even saplings that have just germinated due to the water
flow (Nasrin et al. 2020, Sreelekshmi et al. 2018).

Applications of Sustainably Management Based on
Ecological and Economical Aspects

The vegetation area in the Klawalu is still classified
as a state of vegetation that has a species richness and
good diversity level whereas the vegetation structures
still contain groups of true mangroves and mangrove
associates. Under natural conditions, mangrove vegeta-
tion can regenerate and survive in rivers, estuaries, and
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coastal areas as well. This is supported by the theory that
mangroves can tolerate salinity through root and leaf
morphological modifications. This is the basis for the
theory that naturally inter-species competition will only
occur with mangrove vegetation compared to the condi-
tion of terrestrial or mountain forest ecosystems which
have biodiversity in the form of a very high number of
species and lifeforms (Sillanpéa et al. 2017). Therefore,
the scientifically optimistic opinion that this mangrove
vegetation has regeneration, especially one of the sup-
porters of the sustainability of mangrove ecosystems, is
very possible. In contrast, degradation and deforestation
in mangrove areas is a result of anthropological factor.
This is supported by several studies on changes in man-
grove areas in several places caused by anthropological
actions. This situation is a form of dilemma in area ma-
nagement where on the one hand development requires
area size, while from the other side, from a conservation
perspective, action is needed to maintain the area and
the level of existing biodiversity (Cosyns et al. 2020).

Recently, the mangrove area has been programmed as
a tourist area managed by the local government curren-
tly handled by the Sorong City Government through the
local Tourism Office where facilities have been built to be
used by tourists. The purpose of developing this tourist
area is a form of management that maintains the condi-
tion of the mangrove forest by offering views of mangro-
ve vegetation which is classified as still natural. However,
from the determination of the functional status of the
area based on the central government through SK.783/
Menhut-11/2014 dated 22 September 2014, namely as an
Area for Other Uses (APL) which legally will easily be
converted into other functions. In regional settings, this
mangrove vegetation has the potential to be developed
into other functions such as settlements and other econo-
mic areas. Therefore, it is recommended that the mana-
gement of existing tourist areas be strengthened with the
local government through regulations in the form of area
designations so that they are not converted for other pur-
poses. This can be done by setting zones not to be con-
verted and strengthening management as an ecosystem-
based tourism area without changing the area massively.
The zones of mangrove management must be made ba-
sed on future studies regarding both the ecological and
economic benefits and this activity must involve local
communities. Furthermore, the local government could
set the conservation programs using a combination of
traditional knowledge and science. The program must be
stated legally in the planning and development of the di-
strict as a roadmap for the government (Bryan-Brown et
al. 2020, Manuputty 2022). Furthermore, it is hoped that
the local government can strengthen the position of this
mangrove area by formulating policies, especially for the
western part which is bordered by rivers and estuaries, so
that this area will not be converted to other functions. In
this condition, the authority of the local government can
be used to support the status of the area with the aim of
conservation which can be utilized without reducing the
mangrove area. For example, regional policies have been

implemented by several districts to support conservation
or sustainable development programs in Tanah Papua -
Indonesian New Guinea (Cdmara-Leret et al. 2019, Sree-
lekshmi et al. 2018). In this condition, considerations for
management, especially in Klawalu, as an example, are
that local government intervention is needed to legally
delineate the zones of mangrove management using re-
gional regulations (Manuputty 2022). Moreover, there is
also a need for scientific exploration of biodiversity for
other organisms as ecosystem processes such as animals,
and investigative topics that support the scientific basis
for future research.

This study underlined that the Klawalu mangrove fo-
rest consists of 21 species which are classified as the main
structure (true mangroves) and 9 species of mangrove
associates. In general, the regeneration process for the su-
stainability of mangroves naturally is taking place in this
area. This can be seen that almost all species are present
in the form of saplings, small individuals, and mature
individuals. Then, the diversity of species and the num-
ber of individuals from the edge to the land indicates an
increase caused by tidal factors that affect the process of
seed dispersal and sapling establishment (Sreelekshmi et
al. 2018). Mangroves play an important role in the coastal
ecosystem providing numerous economic and ecological
benefits. Hence, effective management of mangroves is
crucial to ensure long-term sustainability and resilien-
ce. In general, sustainable harvesting of resources, habi-
tat restoration, ecotourism development, and education
and community engagement are highly recommended by
prioritizing the conservation of the mangrove ecosystem.
Further investigation focusing on ecological functions
will support the strengthening of this area as a conserva-
tion of mangrove area which is a source of biodiversity,
but it would be also managed to support economic fun-
ctions.
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