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Abstract One of the essential services provided by mangroves is carbon sequestration, and therefore; climate
change mitigation. While previous assessments of mangrove carbon stocks and sequestrations was-have focused
on the estuarine and deltaic mangrove setting, there are still limited studies carried out at small island
mangroves. Theis study aims to assess mangrove biomass carbon stocks at-in Pannikiang, a small island in
South Sulawesi-ef Indonesia, which occupies 9691.36-64 ha of species-rich pristine mangrove forests. A field-
based data collection survey was performed by-using a circular plot approach, while above-ground tree carbon
(AGC) and below-ground root carbon (BGC) stocks were estimated by-using available species-specific
allometric equations. The mean 6f-AGC and BGC were—were 5.34 + 0.17 and 1.68 = 0.04 Mg C ha™,
respectively. Bruguiera gymnorrhiza mangrove species stored the greatest of carbon stocks,-and followed by
Scyphiphora hydrophyllacea. Carbon stocks obtained from small island mangroves in this study are-were lower
than stocks assessed from other mangrove locations across Indonesia and Seutheast-Asia—ceuntiesSoutheast
Asia. However, historical rates of deforestation in Pannikiang Island may generate emissions to approximately
103-82.17 Mg COz-eq. Findings from this study will be useful-beneficial to-in providingee baseline data for
policy decision-making 1-on climate change mitigation in the region, specifically for improved land use

management via a low carbon development agenda.

Keywords: biomass carbon stock; climate change; South Sulawesi

1. Introduction
Climate change is amongst the most challenges-challenging in this century, and the
increase of greenhouse gasses (GHGs), mainly from carbon dioxide (CO) emissions to the
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atmosphere, are the primary cause of climate change (Bindu et al., 2018). Climate change
mitigation is not only an eenducted-by-efforts to reduce the level of CO2 emissions but also
needs-to-be-balanced with managing ecosystem services as carbon sinks (Wahyudi et al.,
2017).

Mangroves are one of the most important coastal ecosystems in tropical and subtropical
regions (Giri et al., 2011). They play an essential role in climate change mitigation by
sequestratingseguestrate CO2 from the atmosphere via photosynthesis and carbon (C) from
the ocean (Howard et al., 2014). Mangroves are among the most massive forest carbon sinks
per hectare than other tropical forests (Donato et al., 2011; Alongi et al., 2014). However,
they are particularly vulnerable to detach CO; and other GHGs to the atmospheres that could
impact global climate change if disturbed, as a result of logging and conversion to other land
use such as agricultural land and aquaculture ponds (Murdiyarso et al., 2015; Sukarna and
Syahid, 2015). Both Friess (2016) and Murdiyarso et al. (2015) noted the continuous global
demands for mangrove commaodities and land-use change activities resulted in the increasing
degradation and deforestation in recent decades.

Since 1980, almost half of the werld's—global tetal-mangrove forests has—have
disappeared (FAO, 2007), and Southeast Asia was the highest loser region (Richards and
Friess, 2016). The loss of mangroves has resulted in carbon emissions into the atmosphere
of about 0.08-0.48 Pg CO2 yr't or 10% of the total global CO2 emissions of the world (Donato
et al., 2011; Murdiyarso et al., 2015). In particular, Indonesia, with-which has the most
significant percentage of mangroves in the world (22%), has lost about 40% of its mangroves
(FAO, 2007) and resulting in a 20% carbon emissions increase due to land-use change
(Murdiyarso et al., 2015).

The coastal area of South Sulawesi province-is an important area for mangrove blue

carbon storage in Indonesia (Cameron et al., 2019; Malik et al., 2020). Mangroves are found

in the coastal area of Makassar city and regencies of Maros, Pangkep, Barru, Pinrang, East
Luwu, Luwu, Bone, Sinjai, Takalar, Jeneponto, Bantaeng, and Bulukumba (Bakosurtanal,
2009). In the 1950s, South Sulawesi mangrove--covered an-area of approximately 100,000
hectares (Giesen et al., 1991), which decreased approximately—around 89.6% to 10,412
hectares by 2017 (Susanto et al., 2018; Rahadian et al., 2019). The main driver of mangrove
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deforestation is the-conversion of-forest-to aquaculture ponds (Malik et al., 2017; 2020;
Suharti-et-al-2016Jalil et al., 2020), with annual deforestation rates between one and five
percent 1-5%-during the—peried-1979 - 2012 (Malik et al., 2017). If the—current trends

continue, local mangroves could be lost in the next 20-150 years (Malik et al., 2017), and the

carbon stocks stored in these areas will become a source of significant carbon emissions.

While the-majerity-efmost previous mangrove carbon studies focused on the estuarine
and deltaic mangrove setting, there is still a lack of studies conducted at small island
mangroves. Pannikiang Island is one of the small island mangrove hotspots in South
Sulawesi. Mangroves occupied about akmest-100%-(9691.36-64 ha) of the total area of the
island (9496.68-88 ha) in 2018. However, mangroves have disappeared by feur-heetares3.19
ha since 1998-1997 due to conversion into aquaculture ponds and settlements (Qamallaelani
et al., 20492021).

Although the historical rate of mangrove deforestation has occurred on a small scale

during the period 19981997-2018, it is critical to investigate the current carbon stock and
carbon emissions from the mangrove deforested on this island. Therefore, this study’se
objectives of this-study-are to assess spatial variation by comparing carbon stocks between
Pannikiang Island study sites and are to estimate carbon emissions generated by deforestation
in this region between 1998-1997 and 2018. Our findings contribute to providing baseline
data for policy decision-making in climate change mitigation and land use management.

2. Methods
Study Area

The research was carried out in the mangrove area of Pannikiang Island, Barru
Regency. This island is located within the latitude of 4°20'16.80" - 4°21'50.63" and longitude
of 119°35°28.38" - 119°36'18.66" (Figure 1), about 108 km from the capital of South
Sulawesi, Makassar City, and 15 km from the center of Barru Regency.

Pannikiang island was selected because-this-island-isas considering-considered as one
of the potential carbon sequestration projects based on the extent of the mangrove cover area.

The Mangreve-mangrove area was-is dominated by Rhizophora stylosa (Suwardi et al., 2014)
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and habitat for many faunae, mainly for thousands of bats (Dinas Pariwisata Kabupaten
Barru, 2017). About 55 households occupy this island, and most of the head households

workiag as fishermen.
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Figure 1. Pannikiang Island, Barru Regency, South Sulawesi, and plot locations
Data Collection

Data on biomass carbon stocks were collected in April 2019. We implemented a
circular plot approach by adepted-adopting a sampling protocol developed by Kauffman and
Donato (2012) to measure above-ground tree biomass (AGB) and below-ground root
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biomass (BGB) stocks at the eight plots selected (Figure 1). For each plot, we established
five circular subplots with a radius of 7 m and 25 m distance to each subplot center (Figure
2) using a measuring tape and —\A/e-marked the position by-using the Global Positioning
System/GPS. In-additien\W;-we also identified the species name and recorded the number of
individuals-of species of all mangrove trees using a tally counter. Finally, w*/e measured
stem diameter at breast height (DBH) 1.3 m above the ground or 30 cm above the highest
prop root for Rhizophora sp. using a-measuring tape and tree heights using a clinometer
(Malik et al., 20452019; 2020).

Figure 2. Plot layout for biomass carbon stock assessment (adopted from Kauffman and
Donato, 2012).

Data Analysis
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The-sSpecies density, individual (ind.) tree basal area,; and the total of tree basal area
were-calculated using by-equations 1 - 3:

ni

D= (1); ba; = (;DBH)?m (2); BA = X ba; 3)

where:
D: density of species i (individualind./ m*?). ba;: individual-ind. tree basal area (m? hal). BA:
total tree basal area per hectare (m? ha'). ni: number of standing species i. A: total area of
the sample subplots per plot (769.3 m?). DBH: diameter at breast height (cm).

To calculate the AGB and BGB stocks of mangrove in this study, we used allometric
equations 4 and 5 that were developed by Komiyama et al. (2005):

AGB = 0.251*p*DBH?% (4)

BGB = 0.199*p%899*DBH2 2 (5)

where, AGB and BGB: above- and below-ground biomass on mangrove tree and root (kg).

p: species-specific wood density (see Table 1).

Table 1. Wood density of mangroves

No Species Wood density (g cm™®)
1 Bruguiera cylindrica 0.72
2 Bruguiera gymnorrhiza (Bg) 0.81
3 Ceriops decandra 0.87
4 Ceriops tagal 0.85
5 Hibiscuse tiliaceocus 0.57
6 Rhizophora apiculata 0.87
7 Rhizophora stylosa 0.84
8 Rhizophora mucronata 0.83
9 Sonneratia alba 0.47
10 Scyphiphora hydrophyllacea 0.69
11 Xylocarpus granatum 0.61
12 Xylocarpus mollucensis 0.65

Source: Kauffman and Donato (2012); Howard et al. (2014).

Furthermore, to estimate the Above-ground tree carbon (AGC) and Below-ground root
carbon (BGC) stocks, we used equations 6 and 7 (Kauffman and Donato, 2012; Howard et
al., 2014):

AGC = AGB x 0.48- (6)
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BGC = BGB x 0.39- (7
where, AGC tree and BGC root: above- and below-ground carbon on mangrove tree and
root (kg C m?). 0.48 and 0.39: carbon conversion factor for AGB and BGB.

Moreover, to calculate the loss of AGC and BGC stocks, we multiplied the mean value
of AGC and BGC stocks by the historical rate of mangrove deforestation during the period
19981997-2018 (four-3.19 ha) as reported byeetares; Qamatlaelani et al.; 2039(2021), while

to calculate carbon emissions, we multiplied the loss value of AGC and BGC stocks by the

ratio of molecular weights between carbon dioxide (44) and carbon (12) (Kauffman and
Donato, 2012).

3. Results and Discussion
Species Cempositien-composition of mangrove

A total of mangrove tree (392 trees) was identified in this study. Twelve mangrove
species were recorded include Bruguiera cylindrical (Bc), Bruguiera gymnorrhiza (Bg),
Ceriops decandra (Cd), Ceriops tagal (Ct), Hibiscuse tiliaceocus (Ht), Rhizophora apiculate
(Ra), Rhizophora mucronata (Rm), Rhizophora stylosa (Rs), Sonneratia alba (Sa),
Scyphiphora hydrophyllacea (Sh), Xylocarpus granatum (Xg), and Xylocarpus mollucensis
(Xm).

The number of mangrove species in this study area was higher than in the similar areas
-of South Sulawesi, such #-as in Takalar Regency (10 species) (Malik et al., 2015) and

Pangkep Regency (11 species) (Jalil et al. 2020), but lower than in Sinjai Regency (15

species) as reported by Suharti et al. (2016).

Rs was the dominating species (162 trees) and found in all plots; and followed by Bg
(70 trees). Malik et al. (2015) reported that the dominance of Rhizophora sp. in South
Sulawesi is similar to other areas in Indonesia and Southeast Asia, such as in Segara Anakan
Lagoon of-in Central Java and; Matang in Malaysia;-and-the-lndian-Sundarban-Belta. Duke
et al. (1998) stated the dominance of Rhizophora sp. in Indonesia and other Southeast Asia
countries is influenced by physical, environmental, and climate factors, such as soil
characteristics, moderately high and weH-—good rainfall distributioned, and the suitable
temperature range that-suitable-for the species growths.
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Fhe-pPlot 1 was registered as the mest-largest number of the tree (97 trees). ;resulted
intThe mean value of the tree density of this-plet-(0.03 + 0.012 ind. m™) is higher compared
to other plots. The mean value of tree DBH and height were 11.05 £ 1.54 cmand 7.23 £ 0.74
m, respectively, whereas the mean stand basal area was 2.27 + 0.55 m? hal. Although Rs was
dominating at-in all plots, Bg and Sh have higher tree DBH than other species.

Biomass carbon stocks of mangrove

The mean concentration of AGC and BGC stocks at eight plots was 5.34 + 0.17 Mg
C ha! and 1.68 + 0.04 Mg C ha'l, respectively. The largest greatest value6f AGC and BGC
stocks was-were found at plot 8 (23.60 + 1.42 Mg C ha*and 6.86 + 0.37 Mg C ha'), whereas
the lowest figure was at plot 1 (0.21 + 0.02 Mg C ha!and 0.09 + 0.01 Mg C ha't) (Figure 3).

30.00 ~
25.00 A
20.00 -
15.00 - mAGC tree
10.00 4 BGC root

5.00 -

0.00 .——.l_.——.".".l*.
5 6 7 8

1 2 3 4
Plot

AGC tree & BGC root (Mg C ha'l)

Figure 3. AGC and BGC stocks for each plot include the standard error of the mean

Considering the total area of mangroves (91.64 ha) in 2018{90.36-ha) as-reported-by
(Qamal-Jaelani et al., {201492021), the total of AGC and BGC stocks were 482489.352 Mg C

and 151153.86-95 Mg C; respectively. However, the mean value of AGC and BGC stocks

were much lower compared to other places in Indonesia, such as in Bunaken, North Sulawesi
(69.2 Mg C ha'and 14.9 Mg C ha?), Kubu Raya, West Kalimantan (134.8 Mg C ha* and
14.3 Mg C hal), Sembilang, South Sumatra (300.5 Mg C ha'and 27.2 Mg C ha), and

10
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Timika, Papua (323.6 Mg C haland 43.6 Mg C ha') as reported by Murdiyarso et al. (2015),
and also to other places in Southeast Asia-ceuntries, such as in Palawan, Philippine 263.8 Mg
C hat and 92.3 Mg C ha* as reported by Abino et al. (2014), and in Mekong Delta, Vietnam
61.4 Mg C ha! and 8.7 Mg C ha as reportedstated by Nam et al. (2016). Low AGC and
BGC stocks are likely due to the smaller size of-tree diameter (most of the tree diameter
below 15 cm) compared to those places. Besides, this may be influenced by the high salinity
that-which-is characteristic of the waters of small islands compared to the mainland estuary
system. Therefore, it can affect mangrove growth.

Although Rs is the dominant species in this area, Bg represented the greatest AGC and
BGC stocks (16.07 + 1.64 Mg C ha*and 4.54 + 0.43 Mg C ha*), followed by Sh (6.18 + 0.71
Mg C hatand 1.90 + 0.20 Mg C ha) (Figure 4). It is influenced by the larger tree diameter

of this species compared to the other species.
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Figure 4. AGC and BGC stocks of mangrove species include the standard error of the

mean.

The relationship between DBH and above-below ground carbon stocks is presented in

Figure 5. The increased value of tree DBH influenced the trend concentration of AGC and
BGC stocks. Plotted in linear regression showed that the correlation coefficient (r) between
DBH and AGC and BGC stocks were 0.86 and 0.89, respectively. This finding confirms a
study from Alavaisha and Mangora (2016) that noted DBH mangrove trees’ the-significant

effect value-ef-mangrove-tree DBH-has-a-significant-effect-on the AGC stock concentration
efAGCsteck. The value of BGC stock is positively correlated with the tree diameter. Hence,

if the tree diameter is large, the BGC stock is large as well (Perera and Amarasinghe, 2014).
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Figure 5. Relationship between DBH and AGC--and-BGC stocks

Furthermore, considering the conversion of mangrove areas to aquaculture ponds and
settlements that reach feur—heetares3.19 ha during the period 1998-1997 — 2018
(Qamallaelani et al., 26192021), the loss of AGC and BGC stocks were-was 21.3617.03 Mg
C and 65.72-36 Mg C, respectively, or it causes the carbon emissions of 263-82.17 Mg COo-

eq or 5:153.91 Mg CO»-eq per year into the atmosphere. Fhis-It suggests that if deforestation
is halted and mangrove is restored, historical emissions from the past 26-21 years can be

effectively offset over the same period (54.76% each year over 20-21 years).

4. Conclusion

This study has demonstrated the biomass carbon stocks in Pannikiang Island, Barru Regency,
South Sulawesi, Indonesia. The mean value of AGC and BGC stocks is 5.34 + 0.17 Mg C
hat and 1.68 +0.04 Mg C hal, respectively. Although Rs is the deminance-dominant species,
Bruguiera gymnorrhiza was the highest AGC and BGC stocks (16.07 + 1.64 Mg C ha* and
4.54 +0.43 Mg C ha'l), followed by Scyphiphora hydrophyllacea (6.18 + 0.71 Mg C ha* and
1.90 +0.20 Mg C hal). Tree DBH has a significant effect on the value of the AGC and BGC
stocks. The mean value of AGC and BGC stocks is much lower than is-other places in
Indonesia and Southeast Asia-counties due to the lower in-tree diameter. However, the
mangrove clearing ef-mangreves-for different land uses has-has resulted in carbon emissions

of 183-82.17 Mg COz-eq in the last two decades. Therefore, preventing mangroves from the
further-conversion ef-mangreve-areas-to other land uses and conservinge intact mangroves
are impertant-essential actions to reduce CO. emissions and help mitigate climate change.

Acknowledgment

13



250
251
252
253
254
255
256
257
258

259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288

Our gratitude goes to the Ministry of Research, Technology, and Higher Education of the
Republic of Indonesia for funding this research through the scheme of Penelitian
Pascasarjana-Tesis Magister (contract number: 123/UN36.9/PL/2019). We thank the
Institute of Research and Community Service Universitas Negeri Makassar, Department of
Geography Universitas Negeri Makassar, and the Governments of South Sulawesi and Barru
Regency for facilitating this research. We also thank the anonymous reviewer for the

excellent comments and suggestions for this paper.

References

Abino, A.C., Castillo, J.A.A., Lee, Y.J. (2014). Species diversity, biomass, and carbon stock
assessment of natural mangrove forest in Palawan, Philippines. Pakistan Journal of
Botany, 46, 1955-1962.

Alavaisha, E., Mangora, M.M. (2016). Carbon Stocks in the Small Estuarine Mangroves of
Geza and Mtimbwani, Tanga, Tanzania. International Journal of Forestry Research, 1-
11. doi: 10.1155/2016/2068283

Alongi, D.M. (2014). Carbon cycling and storage in mangrove forests. Annual Review of
Marine Science 6, 195-219. doi: 10.1146/annurev-marine-010213-135020.

Bakosurtanal (2009). Peta mangrove Indonesia. Pusat Survey Sumberdaya Alam Laut. Pusat
Survey Sumber Daya Alam Laut, Badan Koordinasi Survei dan Pemetaan Nasional
(Bakosurtanal), Jakarta.

Bindu, G., Rajan, P., Jishnu, E.S., Joseph, K.A. (2018). Carbon stock assessment of
mangroves using remote sensing and geographic information system. The Egyptian
Journal of Remote Sensing and Space Science. Article in Press.

Cameron, C., Hutley, L. B., Friess, D. A., & Brown, B. (2019). Community structure
dynamics and carbon stock change of rehabilitated mangrove forests in Sulawesi,
Indonesia. Ecological apphicationsApplications, 29(1), e01810.

Dinas Pariwisata Kabupaten Barru (2017). Pulau Pannikiang. http://dispar.barrukab.go.id/
package/pulau-pannikiang/. Accessed on 21 June 2019.

Donato, D.C., Kauffman, J.B., Murdiyarso, D., Kurnianto, S., Stidham, M., Kanninen, M.
(2011). Mangroves among the most carbon-rich forests in the tropics. Nature
Geoscience, 4, 293-297. doi: 10.1038/nge01123.

Duke, N., Ball, M., & Ellison, J. (1998). Factors influencing biodiversity and distributional
gradients in mangroves. Global Ecology & Biogeography Letters, 7(1), 27-47.

FAO (2007). The World's Mangroves 1980-2005. FAO Forestry Paper No. 153. Rome.

Friess, D.A. (2016). Ecosystem services and disservices of mangrove forests: insights from
historical colonial observations. Forests. 7, p.183.

Giesen, W., Baltzer, M., Baruadi, R. (1991). Integrating conservation with land-use
development in wetlands of South Sulawesi (Eds.). PHPA/AWB (Asian Wetland
Bureau), Bogor, Indonesia, pp. 8.

14



289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332

Giri, C., Oching, E., Tieszen, L.L., Zhu, Z., Singh, A., Loveland, T., Masek, J., Duke, N.
(2011). Status and distribution of mangrove forests of the world using earth observation
satellite data. Global Ecology Biogeography, 20, 154-159. doi: 10.1111/].1466-
8238.2010.00584.x

Howard, J., Hoyt, S., Isensee, K., Telszewski, M., Pidgeon, E. (2014). Coastal blue carbon:
Methods for assessing carbon stocks and emissions factors in mangroves, tidal salt
marshes, and seagrasses (Eds.). Conservation International, Intergovernmental
Oceanographic Commission of UNESCO, International Union for Conservation of
Nature. Arlington, Virginia, USA, pp. 67-117.

Jaelani, Malik, A., DJalil, A.R. (2021). Mangrove changes in Pannikiang island Barru
regency South Sulawesi. Journal of Physics: Conference Series, 1752 (1), 012088. doi:
10.1088/1742-6596/1752/1/012088

Jalil, A., Malik, A., Nurdin, N., Saru, A., Yunus, I. (2020). Assessment of seawater level,
inundation duration and substrate elevation for mangrove rehabilitation program in the
Spermonde Archipelago South Sulawesi Indonesia. International Journal of
Conservation Science, 11(4), 1115-1126.

Kauffman, J.B., Donato, D.C. (2012). Protocols for the measurement, monitoring and
reporting of structure, biomass and carbon stocks in mangrove forests. Working Paper
86. CIFOR, Bogor, Indonesia, pp. 11-31.

Komiyama, A., Poungparn, S., Kato, S. (2005). Common allometric equations for estimating
the tree weight of mangroves. Journal of Tropical Ecology, 21, 471-477. doi:
10 1017/80266467405002476

Malik, A Fensholt R., Mertz, O (2015) Mangrove epr0|tat|on effects on biodiversity and
ecosystem serV|ces Biodiversity and  Conservation, 24, 3543-3557.
doi:10.1007/s10531-015-1015-4

Malik, A., Mertz, O., Fensholt, R. (2017). Mangrove forest decline: Consequences for
livelihoods and environment in South Sulawesi. Regional Environmental Change, 17,
157-169. doi: 10.1007/s10113-016-0989-0

Malik, A., Rahim, A., Sideng, U., Rasyid, A., Jumaddin, J. (2019). Biodiversity assessment

of mangrove vegetation for the sustainability of ecotourism in West Sulawesi,
Indonesia. Aquaculture, Aqguarium, Conservation & Leaqislation, 12(4), 1458-1466.
Malik, A., Jalil, A. R., Arifuddin, A., Syahmuddin, A. (2020). Biomass carbon stocks in the

mangrove rehabilitated area of Sinjai District, South Sulawesi, Indonesia. Geography,
Environment, Sustainability, 13(3), 32-38. doi: 10.24057/2071-9388-2019-131

Murdiyarso, D., Purbopuspito, J., Kauffman, J.B., Warren, M., Sasmito, S., Donato, D.,
Manuri, S., Krisnawati, H., Taberima, S., Kurnianto, S. (2015). The potential of
Indonesian mangrove forests for global climate change mitigation. Nature Climate
Change, 5, 1089-1092. doi:10.1038/nclimate2734

Nam, V.N., Sasmito, S.D., Murdiyarso, D., Purbopuspito, J., MacKenzie, R.A. (2016).
Carbon stocks in artificially and naturally regenerated mangrove ecosystems in the

15



333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377

Mekong Delta. Wetlands Ecology and Management, 24, 231-244. doi:10.1007/s11273-
015-9479-2
Perera, K.A.R.S., Amarasinghe, M.D. (2013). Carbon partitioning and allometric
relationships between stem diameter and total organic carbon (TOC) in plant
components of Bruguiera gymnorrhiza (L.) Lamk. and Lumnitzera racemosa Willd. in
a microtidal basin estuary in Sri Langka. International Journal of Marine Science, 3,
72-78. doi: 10.5376/ijms.2013.03.0009
A », BJa alaTa N N

Rahadian, A., Prasetyo, L.B., Setiawan, Y., Wikantika, K. (2019) Tinjauan historis data dan
informasi luas mangrove Indonesia. Media Konservasi, 24, 2, 163-178. doi:
10.29243/medkon.24.2.163-178

Richards, D.R., Friess, D.A. (2016). Rates and drivers of mangrove deforestation in
Southeast Asia, 2000-2012. Proceedings of the National Academy of Sciences, 113,
344-349. - doi: 10.1073/pnas. 1510272113

Suharti, S., Darusman, D., Nugroho, B., Sundawati, L. (2016). Economic valuation as basis
for sustainable mangrove resource management. A case in East Sinjai, South Sulawesi.
Journal of Tropical Forest Management, 22, 12-23. doi: 10.7226/jtfm.22.1.13

Sukarna, R. M., &-Syahid, Y. (2015). FCD application of landsat for monitoring mangrove
in Central Kalimantan. The Indonesian Journal of Geography, 47(2), 160-170.

Susanto, A., Surbaya, C., Poniman, A. (2018). Kebijakan satu peta; Momentum reformasi
penyelenggaraan informasi geospasial nasional. Seminar Nasional Peran Geospasial
dalam Membingkai NKRI, 2016, Bogor, Indonesia Bogor (ID): BIG, 23-24.

Suwardi, Tambaru, E., Ambeng, Priosambodo, D. (2014). Keanekaragaman jenis mangrove
di Pulau Panikiang Kabupaten Barru Sulawesi Selatan. Jurusan Biologi Fakultas
Matematika dan Illmu Pengetahuan Alam, Universitas Hasanuddin, Makassar.
http://repository.unhas.ac.id/handle/123456789/10148. Accessed on 21 June 2019.

Wahyudi, J., Afdali, Adi, N.S., Rustam, A., Hadiyanto, Rahmawati, S., Irawan. A.,
Dharmawan, |.W.E., Prayudha, B., Hafizt, M., Prayitno, H.B., Rahayu, Y.P., et al.
(2017). Potensi cadangan dan serapan karbon ekosistem mangrove dan padang lamun
Indonesia (Intisari bagi pengambil kebijakan). Pusat Penelitian Oseanografi, Lembaga
IlImu Pengetahuan Indonesia (P20-LIPI). https://www.researchgate.net/publication/
326649366. Accessed on 21 June 20109.

16



378
379
380
381
382
383
384
385
386
387

388

Supplementary Materials

Table S1. Species composition of mangrove in Pannikiang Island South Sulawesi

Plot Species n D (ind. m™?) DBH (cm) H (m) BA (m? hal)

1 Bc 4 0.01 2.87 2.75 0.09
(141"920%'5?;;%.'%‘ Bg 8 0.01 4.02 2.75 0.18
Rm 8 0.01 2.11 1.88 0.05

Rs 53 0.07 2.28 3.41 0.08

Sa 24 0.03 8.44 5.54 2.01

Subtotal 97 0.13 - - -
Mean + SE 0.03+0.012 394+117 327+062 0.48+0.38
2 Bc 4 0.01 4.70 8.00 0.34
(1415(%2%50%5&) Bg 10 0.01 6.05 4.50 0.58
Rm 4 0.01 5.57 9.75 0.34

Rs 12 0.02 7.43 10.00 0.74

Sa 21 0.03 6.85 6.24 0.52

Subtotal 51 0.07 - - -
Mean + SE 0.01+0.004 6.12+048 7.70+1.05  0.50+0.08
3 Bg 13 0.02 14.80 7.23 2.24
g“lgogg?s-gggs,,é) Ra 10 0.01 11.08 7.10 12.60
Rm 4 0.01 11.07 7.75 1.26

Rs 32 0.04 11.16 7.31 1.28

Sa 4 0.01 19.35 8.00 4.28

Subtotal 63 0.08 - - -
Mean + SE 0.02+0.007 1349+163 7.48+0.17 433+214
4 Bg 22 0.03 6.46 4.32 0.45
(141;0032%331% Ra 7 0.01 5.82 4.00 0.37
Rs 16 0.02 6.27 431 0.42

Sa 9 0.01 8.56 4.67 1.27

Subtotal 54 0.07 - - -
Mean + SE 0.02+0.004 6.78+0.61 432+0.14 0.63+0.21
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390
391
392

5 Bg 6 0.01 10.46 8.17 1.25
1(1193?}51,;62_5% Ct 4 0.01 15.37 9.25 2.58
Ra 9 0.01 12.28 8.44 1.63

Rs 16 0.02 15.72 9.38 2.93

Subtotal 35 0.05 - - -
Mean + SE 0.01+0.003 1346+126 881+030 2.10+0.39
6 Bg 6 0.01 11.57 9.00 1.51
ffgfgs%gsé 4§E) Cd 1 0.001 20.70 11.00 4.37
Ct 2 0.00 9.39 8.00 0.91

Ra 6 0.01 11.46 10.17 2.03

Rs 17 0.02 10.55 9.24 1.22

Subtotal 32 0.04 - - -
Mean + SE 0.01+0.004 12.74+2.03 948+051 2.01+0.62
7 Bg 4 0.01 10.75 4.38 1.31
1(;‘9331,53,5-72_29% Ht 5 0.01 28.41 7.62 10.53
Ra 2 0.003 9.08 9.35 0.93

Rs 3 0.004 8.70 7.97 0.85

Sh 5 0.01 22.87 9.88 6.65

Xg 1 0.001 6.05 4.30 0.37

Xm 1 0.001 5.41 4.40 0.30

Subtotal 21 0.03 - - -
Mean + SE 0.004+0.001 13.04+3.38 6.84+0.92 299+151
8 Bg 1 0.001 43.31 12.50 19.14
Cossrons  Cd 1 0.001 14.33 9.00 2.10
Ct 1 0.001 12.10 8.00 1.49

Ht 2 0.003 14.17 8.90 2.06

Ra 10 0.01 10.13 7.08 1.11

Rs 13 0.02 8.50 7.23 0.75

Sh 8 0.01 27.64 11.81 9.07

Xg 2 0.003 26.27 13.40 8.66

Xm 1 0.001 12.74 11.80 1.66

Subtotal 39 0.05 - - -
Mean + SE 0.01+0.002 1880+3.80 9.97+ 081 5.12+2.05
Total 392 - - - -
Grand Mean + SE 0.01+0.002 11.05+154 7.23+0.74 227+0.55

Bc: Bruguiera cylindrica. Bg: Bruguiera gymnorrhiza. Cd: Ceriops decandra. Ct: Ceriops
tagal. Ht: Hibiscuse tiliaceocus. Ra: Rhizophora apiculate. Rm: Rhizophora mucronata. Rs:
Rhizophora stylosa. Sa: Sonneratia alba. Sh: Scyphiphora hydrophyllacea. Xg: Xylocarpus
granatum. Xm: Xylocarpus mollucensis. n: individual number of species i. D: density of
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411

species i. DBH: diameter of breast height. H: height. BA: basal area. SE: the standard error

of the mean.

Table S2. Biomass carbon stocks of mangroves for each plot in Pannikiang Island South

Sulawesi

Plot AGB BGB AGC BGC
(Mg ha't) (Mg ha't) (Mg C ha'l) (Mg C hat)
1 0.44 £ 0.05 0.24 £0.03 0.21£0.02 0.09£0.01
2 1.07 £0.05 0.56 £ 0.02 0.51+0.02 0.22+£0.01
3 7.33+£0.27 3.19+£0.11 3.52+0.13 1.24+0.04
4 1.03+0.02 0.53+0.01 0.49+£0.01 0.21 £0.003
5 6.92 £ 0.38 2.95+0.15 3.32+0.18 1.15+£0.06
6 8.73+0.79 3.65+0.30 4,19+ 0.38 1.42+0.12
7 14.38 +1.04 5.72 £0.39 6.90 £ 0.50 2.23+0.15
8 49.17 £ 2.96 17.60 + 0.96 23.60 +1.42 6.86 + 0.37
Grand 11.13+£0.35 431+0.11 5.34 £ 0.17 1.68 +0.04

Mean + SE

Max 49.17 £ 2.96 17.60 £ 0.96 23.60 £ 1.42 6.86 + 0.37
Min 0.44 £ 0.05 0.24 £ 0.03 0.21 +£0.02 0.09+0.01

AGB tree: above-ground tree biomass. BGB: below-ground root biomass. AGC tree: above-
ground tree carbon. BGC tree: below-ground tree carbon. SE: the standard error of the mean.
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Table S3. Biomass carbon stocks of mangrove species in Pannikiang Island South Sulawesi

Species AGC BGC
(Mg C ha'l) (Mg C ha'l)
Bc 0.07 £0.02 0.03+£0.01
Bg 16.07 £ 1.64 454 £0.43
Cd 3.31+£0.70 1.07+0.21
Ct 2.05+0.23 0.72 £ 0.07
Ht 3.97+1.38 1.24 +0.40
Ra 2.53+0.08 0.93+0.03
Rm 0.58 £0.15 0.22 £ 0.05
Rs 2.92+0.13 1.07 £ 0.04
Sa 1.45+0.24 0.52 £0.08
Sh 6.18+0.71 1.90+0.20
Xg 3.05+1.44 0.95+0.44
Xm 0.60 £0.23 0.22 £ 0.08
Grand Mean + SE 3.56 £0.17 1.12+0.05
Max 16.07 £ 1.64 454 £0.43
Min 0.07 £0.02 0.03+0.01

Bc: Bruguiera cylindrica. Bg: Bruguiera gymnorrhiza. Cd: Ceriops decandra. Ct: Ceriops
tagal. Ht: Hibiscuse tiliaceocus. Ra: Rhizophora apiculate. Rm: Rhizophora mucronata. Rs:
Rhizophora stylosa. Sa: Sonneratia alba. Sh: Scyphiphora hydrophyllacea. Xg: Xylocarpus
granatum. Xm: Xylocarpus mollucensis. AGC: above-ground tree carbon. BGC: below-

ground root carbon. SE: the standard error of the mean.
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To the Reviewer A,

We would like to sincerely thank and appreciate for the highly constructive critics of this
manuscript. We have implemented all these suggestions in the revised version.

Here is the detail of the revisions in the manuscript and our responses to the reviewers'
comments:

General comments of the reviewer A:

e The study by Malik et al biomass carbon stocks in small island mangrove setting of
Pannikiang, South Sulawesi. Findings from this study are important to evaluate impacts of
land use management in mangrove and their implication to blue carbon dynamic. Overall,
the paper provides multiple dataset of forest structure and biomass carbon stocks despite
some other data such as deforestation rates may be need to be further elaborated, and the
writing style of the manuscript should be improved by providing accurate citation and
consistent order of the logic between research objectives-results-discussion.

Authors response:
Thanks for the comments and suggestions. We have revised accordingly.

e “I would suggest providing further raw dataset obtained from this study in the
supplementary information or via digital data repository platforms such as Mendeley Data
and Figshare. Such of these data will provide a better understanding for the readers and
also be useful for future meta-analysis based study on this topic”.

Authors response:

Thanks for the suggestions. We have provided the raw dataset in the supplementary file
section when submission of this manuscript in advance (see pic below). We have little
edited and also put the supplementary information at the end of the revised manuscript (see
lines 331-367).
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Minor comments of the reviewer A:

e Abstract revision suggestion:

One of the essential ecosystem services provided by mangrove is carbon sequestration and
therefore, climate change mitigation. While previous assessment of mangrove carbon
stocks and sequestration was focused on the estuarine and deltaic mangrove settings, there
are still limited studies carried out at small island mangrove. This study aims to assess
mangrove biomass carbon stocks at Pannikiang, a small island in South Sulawesi of
Indonesia which occupies XX ha of species-rich pristine mangrove forests. Field based
data collection survey was performed by using circular plot approach, while above-ground
tree carbon stocks (AGC) and below-ground root (BGC) was estimated by using available
species-specific allometric equation. The means of AGC and BGC were 5.34 £ 0.17 and
1.68 + 0.04 Mg C ha'l, respectively. Bruguiera gymnorrhiza mangrove species stores the
greatest carbon stocks and followed by Scyphiphora hydrophyllacea. Carbon stocks
obtained from small island mangrove in this study are XX lower than than stocks assessed
from other mangrove locations across Indonesia and Southeast Asia counties. However,
historical rates of deforestation in Pannikiang may generated emissions approximately 170
Mg CO2-eq. Findings from this study will be useful to provide baseline data for policy
decision-making in climate change mitigation in the region, specifically for improved land
use management via low carbon development agenda.

Keywords: biomass carbon stock; climate change; South Sulawesi
Keyword must be an important word that is not mentioned in the title.
Authors response:

Thanks for the revision suggestion of the abstract and keywords. We have revised
accordingly (see lines 12-27).

e [ntroduction section

“I would suggest improving the intro text and other sections by using accurate citation and
having more straightforward paragraph”.

Authors response:

Thanks for the suggestions, we have improved the introduction text and other sections by
using accurate citation and having more straightforward paragraph.

“In the last paragraph of the intro, | would suggest to elaborate the data analysis driven
objective, such as ‘to assess spatial variation by comparing carbon stocks between XX
study sites’ and ‘to estimate carbon emissions generated by deforestation in the region of
XX between XXX and XXX”

Authors response:

Thanks, we have revised by elaborate the data analysis driven objective as your suggestion
(see lines 72-75).
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e Method section

Line 120: it seems that Equation 2 only covers single tree basal area. Need further
description on how to calculate basal area at plot level.

Authors response:

Thanks for your suggestions, we have revised by add equation for calculating basal area at
plot level and its description (see lines 108-114).

Line 141: it seems the authors don’t need this equation and reference. It is clear that carbon
stocks are derived from total AGC or BGC (Mg C) per plot area (ha).

Authors response:

Thanks for the suggestion, we have deleted the equation and reference.

Line 143: no need to re-describe total plot area here as it has been provided above.
Response:

Correct! We have deleted it.

e Results section:

Line 155: no need to provide source of data here. It is clear that this section is used for
presenting this study results.

Authors response:

Thanks for the suggestion, we have deleted the source of data.

Lines 159-164: why Rhizophora spp. is the most dominant species in the study site and
Indonesia tropical region in general? See Norm Duke 1998 paper.

Authors response:

Thanks for the comment. We have added information about why Rhizophora spp. is the
most dominant species in the study site and Indonesia tropical region in general by refer to
Duke et al. (1998) (see lines 150-153) and put the paper in the list of references (see lines
256-257).

Line 171: make sure using IPCC unit for carbon stocks. If it is carbon stocks, please use
Mg C ha* for example. In this paragraph, the used unit is Mg ha, but starting from line
180 the authors used Mg C ha. If the paper is framed to discuss blue carbon related topic,
no need to present biomass stocks, just straight forward to biomass carbon stocks instead.



Authors response:

Thanks for the suggestion, we have deleted the result and discussion about biomass stocks
and just straight forward to biomass carbon stocks as related to the topic.

Line 192: any other reason than this DBH? For example, hydrogeomorphic setting? Where
small island mangrove may be characterized by high salinity and therefore limiting forest
growth even though they have similar age with those in the mainland estuarine system.

Authors response:

Thanks for the comments, we have added it accordingly (see lines 174-176).

Lines 222-227: the approach for this back in envelope calculation needs to be described in the
method section.

Authors response:

Thanks for the suggestion, we have described the calculation of carbon emissions in the
method section (see lines 130-134).
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Abdul Malik <abdulmalik@unm.ac.id> Sun, Sep 13, 2020 at 2:38 AM

To: Eko Haryono <e.haryono@ugm.ac.id>

Dear Dr. Eko Haryono
Editor in Chief
Indonesian Journal of Geography

We would like to know the progress status of our manuscript after it has

been revised according to reviewer comments and your suggestion to put one
publication from IJG. We have sent it back include specific response to each
reviewer comments in separate file since April 2020.

Best regards,
Abdul Malik

Chief Editor

Indonesian Journal of Geography
http://jurnal.ugm.ac.id/index.phpl/ijg
0024-9521 (print),2354-9114 (online)
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Wed, Mar 10, 2021 at 11:12 AM
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Cc: Uca Sideng <ucasideng@unm.ac.id>, Jaelani Jaelani <jaylani193@gmail.com>

Dear Abdul Malik,

More minor revision is needed.
Map need coordinates and pam index

Double check the English and spelling.

(Indonesian map)

Please submit the revision before March 20, 2021.

Best wishes,

Eko Haryono

Editor in Chief

Indonesian Journal of Geography,

Faculty of Geography, Universitas Gadjah Mada, Yogyakarta

Chief Editor

Indonesian Journal of Geography
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Eko Haryono

Editor in Chief of IJG

Thank you very much for your informa

20, 2021.

tion about the current status of the manuscript.

We will revise the manuscript according to your comment and suggestion, and send it back to you no later than March

Best regards,

Abdul Malik
(Corresponding author)
[Quoted text hidden]

Abdul Malik, Ph.D.

Department of Geography

Faculty of Mathematics and Natural Sciences

Universitas Negeri Makassar (UNM)
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Editor in Chief
Indonesian Journal of Geography

Thank you for your email. We have revised the manuscript according to your comments and suggestions. Please find
the revised manuscript with track changes version and no track changes version (attached).

Best regards,
Abdul Malik

On Wed, Mar 10, 2021 at 11:12 AM Eko Haryono <e.haryono@ugm.ac.id> wrote:
[Quoted text hidden]

[Quoted text hidden]
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To: Abdul Malik <abdulmalik@unm.ac.id>
Cc: Uca Sideng <ucasideng@unm.ac.id>, Jaelani Jaelani <jaylani193@gmail.com>

Dear Abdul Malik,

In March, | emailed you asking to provide map with coordinate. In your
manuscript, the map does not have coordinate. | suggest you do not use
google image. Please also add inset map

| did not find that you already make revision of the map.

Best wishes,

Eko Haryono
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Faculty of Geography, Universitas Gadjah Mada
e.haryono@ugm.ac.id

Editor in Chief

Indonesian Journal of Geography,
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Chief Editor

Indonesian Journal of Geography
http://jurnal.ugm.ac.id/index.php/ijg
0024-9521 (print),2354-9114 (online)
Phone: +62 812-2711-480
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To: Eko Haryono <e.haryono@ugm.ac.id>

Dear Eko Haryono

Editor in Chief

Indonesian Journal of Geography,

Faculty of Geography, Universitas Gadjah Mada, Yogyakarta

Here is revised the manuscript with the newly revised map that is required and also the map in the Jpg format file

Best regards
Abdul Malik
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Abdul Malik, Ph.D.

Department of Geography

Faculty of Mathematics and Natural Sciences

Universitas Negeri Makassar (UNM)
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To: Abdul Malik <abdulmalik@unm.ac.id>

Dear Abdul
Have uploaded it in our journal system

Warm Regards

Eko

[Quoted text hidden]

Karst Research Group

Faculty of Geography

The University of Gadjah Mada
Yogyakarta, INDONESIA

Abdul Malik <abdulmalik@unm.ac.id> Thu, Dec 9, 2021 at 12:12 AM
To: Eko Haryono <e.haryono@ugm.ac.id>

Dear Dr. Eko Haryono
Editor of Indonesian Journal of Geography (1JG)

Manuscript ID number: 46989

We would like to know the status of our manuscript entitled "Biomass carbon stock assessment of mangrove
ecosystem in Pannikiang Island South Sulawesi Indonesia". Is it still need revision? or it has been accepted for
publication in your journal? since July 23, 2021 we don't hear again the status of the manuscript

Best regards,

Abdul Malik
[Quoted text hidden]
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Cc: Uca Sideng <ucasideng@unm.ac.id>, Jaelani Jaelani <jaylani193@gmail.com>

Dear Abdul Malik,

Congratulations! After considering your responses to reviewer's comments, We
have reached the decision regarding your submission to Indonesian Journal of
Geography, "Biomass carbon stock assessment of mangrove ecosystem in
Pannikiang Island South Sulawesi Indonesia" to Accept your manuscript to be
published in Indonesian Journal of Geography.

You will receive emails regarding the details of your publication. We may
also request a technical edit of your manuscript if necessary.

Thank you for submitting to the Indonesian Journal of Geography and we look
forward to receiving your manuscript in the future.

Best wishes,

Eko Haryono
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Editor in Chief
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Thank you for accepting our manuscript for publishing in your journal. We are looking forward for the email
concerning detail of the publication.
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Abdul Malik
Corresponding author
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Dear Abdul Malik,

Your submission "Biomass carbon stock assessment of mangrove ecosystem in
Pannikiang Island South Sulawesi Indonesia" to Indonesian Journal of
Geography now needs to be proofread by following these steps.

1. Click on the Submission URL below.

2. Log into the journal and view PROOFING INSTRUCTIONS

3. Click on VIEW PROOF in Layout and proof the galley in the one or more
formats used.

4. Enter corrections (typographical and format) in Proofreading Corrections.

5. Save and email corrections to Layout Editor and Proofreader.

6. Send the COMPLETE email to the editor.
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Best wishes,
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Dear Editor of the Indonesian Journal of Geography
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Attached of the proofread corrected manuscript with the title "Biomass Carbon Stock Assessment of Mangrove
Ecosystem in Pannikiang Island South Sulawesi Indonesia" for publishing in the Indonesian Journal of Geography.

Best regards,

Abdul Malik
(Corresponding author)
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Abdul Malik, Ph.D.
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Following my email, we add one correction again.
Table S2 as supplementary materials is missing so please add it.

Best regard,
Abdul Malik
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To: Abdul Malik <abdulmalik@unm.ac.id>
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and. .
your article published after your pay publication contribution.

If you have received a billing email, please complete the cost for publication. The
contribution of this publication aims to maintain the quality of the publication of
the Indonesian Journal of Geography.

For the purposes of these payments, we ask for data to issue a billing:

Author name:

Institution Name:

Email

Mobile numbers:

Addresses:

taxpayer number:

TIN (Taxpayer Identification Number:
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Abdul Malik <abdulmalik@unm.ac.id> Thu, Jun 2, 2022 at 2:02 AM

To: Wiwin Winarsih <wiwin_geo@ugm.ac.id>
Dear Editor of UG

There are still things that need to be edited.
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