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Dyna MICS Mangroves under Pressure

Mangrove forests (Fig. 1) are among the world’s most valuable coastal

Mangrove Forest Area by Country in 2020

. . . . . . Bangladesh
ecosystems, providing biodiversity hotspots, natural shoreline Brune
protection, water filtration, and major blue carbon storage. Despite  “"enne
their ecological importance, they are under severe pressure from =™

human-driven land conversion. One of the dominant drivers is pond- " paes?

Iran

South America

based aquaculture expansion, particularly shrimp and fish farming in & e

low-lying tropical coastal zones. The construction of aquaculture ponds e 57003 R

often requires large-scale clearing of mangrove forests, leading t0 s ot e

habitat fragmentation, biodiversity loss, reduced coastal resilience, and el |

carbon emissions. Across Asia, rapid aquaculture development in deltas ~ mwerpts i
e M and estuarine lowlands has intensified this pressure, making mangrove  veman {1 1931 s,

Figure 1: Mangrove forest in Vietnam conversion a major land-use challenge for sustainable coastal 0 s aobo0 isbeo - aofoo  Tasboo 300
management. This study combines long-term Earth observation datasets on aquaculture pond dynamics [1] Figure 2: Mangrove forest area by Asian countries and proportional
and mangrove extent [2] to analyze the spatio-temporal relationship between pond activation and e Wi opie chart) Source of mangrove extent data: Globa
mangrove loss across Asia from 1996 to 2019.

Mangrove Loss in Asia - III||I|| il ;- |||||III 3 IIIIIIII
Asia contains approximately 40% of the global mangrove extent, with Indonesia alone = o = =
accounting for nearly half of the region’s total mangrove area (Fig. 2). Between 1996 and SOOI SO SOiss® Soissss
2019, substantial mangrove losses were observed across major coastal countries, with the T el T et
strongest absolute losses in Indonesia and Myanmar (Fig. 3). Spatial hotspot analysis o ST
reveals concentrated loss clusters in Indonesia, Myanmar, Vietnam, and Thailand, strongly £ ° lll IIII E I“IIIII E IIIIIIII o III IIII
overlapping with dense aquaculture pond development. The most severe conversion phase &

occurred during 1996-2007, followed by continued localized losses in subsequent years. Rl Sy = ol =] ol -
These patterns highlight aquaculture expansion as a key driver of mangrove degradation ST SRR ST e
across Asian coastal systems. rearimera . s .

Figure 3: Mangrove area gains (green) and losses (red) from 1996 to 2019 for 8 selected Asian coastal
countries, shown as bar charts for specified time intervals corresponding to Global Mangrove Watch (GMW)
data availability.

EO Analysis of Aquaculture Ponds and

Mang rove Conversion N - - TN -
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To assess the direct role of aquaculture expansion, we combined an object- f?’\/ <= g) v
based aquaculture pond time series [1] with the Global Mangrove Watch A 4 “&. = ,
(GMW) dataset [2]. Individual pond activity were mapped from Sentinel-1, % Lo% T
Sentinel-2, and Landsat imagery, enabling annual reconstruction of pond "'Q, DO < - R - U e
activation dynamics at single-pond level [1,3]. A harmonized temporal ‘v“\?ﬂ'%ﬁ o ) o -
index was applied to align annually resolved pond activation data with the . ¥
irregular observation years of the mangrove dataset. By intersecting pond
geometries with Mmangrove extent |ayer5, we quantified Mangrove aread - 1996 1097 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
located within pond boundaries and tracked temporal changes in S SIS LR A3 AVES B2 B 8 ANES K41 S K SYIEE A °.
mangrove presence before and after pond activation (Fig. 4). This spatial wmememeres < DX XXX XXX XX | I R < X X X I e ) e [ e
overlay allowed us to quantify mangrove area directly affected within D> @ @@@@
individual pond boundaries and to identity the timing of first conversion A N
events. A conservative temporal rule was applied to attribute mangrove poston - pestien
oss only when it occurred shortly after pond activation, strengthening  Fsue & et s enpal i of ket s pords s s g e ) pnd et .
causal Interpretatlon. 1996, 2007-2010, 2015-2019); (D) detailed dynamics of one pond (1996-2019), showing activation in 2016 and mangrove

disappearance in 2017.

Aquaculture-Driven Mangrove Loss Hotspots

Aquaculture-driven mangrove loss in Asia is strongly clustered in distinct regional hotspots where pond chtangroe Loes Due 0 Pond Actveten Total Mangrove Area Over Time n Ponds
to Year of Disappearance with Documented Mangrove Disappearance
expansion has replaced former mangrove forests. Indonesia is the main hotspot, combining the largest . e
mangrove extent with the highest aquaculture-related losses, with ~13,000 ha lost between 1996- £ 12500 % o000
2007 (Fig. 5), followed by 5,300 ha (2007-2008), 2,700 ha (2008-2009), and 2,200 ha (2010-2015). R
In East Borneo, Southeast Sumatra, and Sulawesi, large-scale pond aquaculture has replaced formerly 2 %0
continuous mangrove landscapes (Fig. 6). Myanmar, Vietnam, and Thailand form secondary hotspots, O S ur T O e
5.0 - 55:0E LBt - - with Myanmar showing major losses
" é < A Mangrove Area lost  Aquacultt 2 Ponds Mangrove Coverage Of nearly 3,000 ha (1 996—2007) and 2000 Mangrove Loss Mangrove Area Mangtove Loss Mangrove fves
due to Pond Activation, in 2019 (DLR), in 2019 (GMW) . .
ﬁ% Lost area in ha Pond area in ha Mangrove aArea in ha abOUt 1,000 ha In 2010-201 5, Whlle 2000 10000 130 4000
A F&% [ ] <o o« 110 Vietnam and Thailand experienced i oo o
ﬁé‘& E (1).-1;01 % '1;'0_.5(1)00 [ 10-50 more moderate but persistent ea”y “Eegonsnss 2588288532 EYTFEEELE “ezsgonsnagz
z P S I TR PR losses that decline to <60 ha per  §iggsizez Siiiffifi RRRRRRRRR
oF @ A/ ;}g I 500 - 1000 B 150 - 300 period after 2010 Spatial patterns HN:N:TNM Mo e HN:NNNLNNN angrans Area
- G icvd SN = B -0 : : 80000 : 300 : 2000 e
. B % > 1000 show strong overlap between pond e
0500 1000 km e o e <260k density and historical mangrove areas, — = o
105°0°E 108°0° 105°0°E 106°30E_105°0E 106°30°E_105°0F 106°30'E as aquaculture is concentrated in flat, EITEELELE TTTEELELE " psfgaEnag " gpEgananed
A 5 am }ow%’gfo C/j\l 2 low-lying coastal zones originally
o o o] g3 %_ s %é covered by m angrcl)ves_ Tempora”.y, B Mangrove Loss Mangrvs Area 40, Mangrove o 609 Mangrove rea
© # mangrove conversion —occurs in o o
ol o phases, with intensified losses = 20
S0 o N © especially between 1996-2007 and in " zsszazzsz 5388552588 0 B8BSSESEE  §ag@Issaas
g) N ’d NANNNNNNNN  ANNNNNSNSSS NNANNNNNNSN ANNNSN SN S
o, A0S later shorter intervals (Fig. 5). Overall,
117°0'E 120°0'E g 120°0'E  121°0'E 120°0'E  121°0'E 120°0'E 121°0'E5£ . . Thailand Thailand Vietnam Vietnam
) B «:};__. L Tve; _;—‘:"f r,;"'-r.u::; :_ 7 T ﬂzg:)B.l T T T q T 3_ aq uaculture_drlven mangrove IOSS IS . Mangrove Loss Mangrove Are Mangrove Loss s Mangrove Area
O A ) 2 2 - < 5 h hl : e 4000 400
o sy e g ighly uneven across Asia, .
I s 9 i concentrated in  specific coastal
- ?\% 2 (’é’z (’< ;82 suitability and development pressure
; n + 'S 3 % J.Q7 !D ) ” COiﬂCide, ma |(|ng these I’egiOﬂS key Figure 5: Mangrove loss due to pond activation (cyan) and total mangrove area (forest
g . 190 riorities for conservation and green) across 1_2 cou_ntries (1996-2019); top row shows overall totals, .bottom rows
Figure 6: Spatial patterns of mangrove loss linked to aquaculture pond activation across four Asian P . . show country-wise paired plots of loss per period and total mangrove area in ponds over
= coastal regions (A-D): (1) mangrove loss due to pond activation, (2) aquaculture pond coverage in SUStalﬂable d(g UaCUH:UFe plaﬂﬂlﬂg. time.

2019, (3) pond area per hexagon in 2019, and (4) mangrove extent in 2019.
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