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Abstract 19 

The Kunming-Montreal Global Biodiversity Framework (GBF) aims to halt biodiversity loss by 2030, 20 
with Targets 1 and 3 focusing on reducing forest loss and expanding protected areas. Mangroves, as 21 
biodiversity hotspots offering crucial ecosystem services, have seen some conservation gains, yet 22 
key drivers of high-value mangrove loss remain unaddressed in intergovernmental policy frameworks. 23 
It is the first global assessment linking GBF Targets 1 & 3 to mangrove loss drivers and ecosystem 24 
assessment. We apply an interdisciplinary approach—combining global-scale geospatial analysis of 25 
mangrove loss trajectories between 2000 and 2016 and ecosystem value distribution, and thematic 26 
policy analysis. We classify all 120 countries where mangroves are present by their short- and long-27 
term mangrove loss management strategies and evaluate the inclusion of relevant actions under 28 
Targets 1 and 3 of National Biodiversity Strategies and Action Plans (NBSAPs). Between 2000 and 29 
2016, 78% of mangrove loss occurred in areas rich in biodiversity, biomass, and coastal protection, 30 
mostly outside protected zones. Of 120 mangrove-holding countries, 30 (25%) experienced 31 
significant loss. Among them, 11 have the potential to implement short-term mitigation by expanding 32 
or managing protected areas, though only 5 included these strategies in national targets. Four 33 
countries referenced broader measures like indigenous rights and the prioritisation of ecosystem 34 
service hotspots. Only Cameroon, Colombia, Gabon, Panama, and Tanzania are positioned to 35 
address major loss drivers within the GBF timeline. This paper is the first global assessment of GBF-36 
aligned national targets to mitigate mangrove loss, contributing to SDGs 14 and 15. We show that 37 
mangrove loss cannot be halted by 2030 under the current level of national targets. Policy 38 
amendments at national scales can include short-term (area-based protection) and long-term 39 
strategies (restoration, rehabilitation and ecosystem-based approaches) to halt mangrove loss.  40 
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 41 

1. Introduction  42 

The Kunming-Montreal Global Biodiversity Framework (GBF) under the Convention on Biological Diversity 43 
(CBD) aims to protect 30% of critical biodiversity by 2030, by prioritising high-value ecosystems and halting 44 
biodiversity loss (Hughes, 2023). GBF is based on 23 conservation targets, of which Targets 1 and 3 aim to 45 
improve the efficiency of protection or create new protected areas, respectively. GBF builds upon the 46 
drawbacks of the Aichi Targets by strengthening the clarity and structure of target setting (Katerer, 47 
2023)and enhance enforcement with the introduction of the “30 by 30” commitment of conserving 30% of 48 
land and water areas by 2030. GBF's strengths lie in its improved structure and inclusion of social, 49 
economic, cultural, and ecosystem services aspects of conservation (Obura, 2023). However, global-level 50 
targets may not address gaps in and the needs of local-scale adaptations (Murali et al., 2024). 51 
Intergovernmental frameworks, such as the GBF, have the potential to address the global-scale loss of 52 
specific ecosystems, like mangroves, through national commitments. However, it is currently unclear if 53 
halting mangrove loss can be achieved by 2030 (Dudley, 2024) and whether the global target setting of “30 54 
by 30” is adopted at the national scale for mangroves. 55 

Mangroves represent an ideal focal habitat for evaluating the national capacity to achieve conservation 56 
targets of GBF. Mangroves are biodiversity hotspots and provide various ecosystem services such as 57 
coastal protection, macroclimate regulation, and cultural values (Friess et al., 2020). Despite 40% of 58 
mangroves globally being under some form of protection (Fu et al., 2024), and a large number of countries 59 
having some form of mangrove protection legislation (Slobodian et al., 2025), anthropogenic and natural 60 
drivers continue to cause global mangrove loss. At the same time, conservation action to curb mangrove 61 
deforestation has shown success over the past two decades, exemplified by the reduction in deforestation 62 
rates in the 21st century (Friess et al., 2020). Optimising the spatial planning to protect ecosystem service 63 
hotspots could safeguard an additional 16.3 billion USD of coastal property, 6.1 million people, 1173.1 Tg C 64 
and 50.7 million fisher days per year (Dabalà et al., 2023). However, the current distribution of mangrove 65 
protected areas lacks representation of biodiversity and ecosystem services (Sievers et al., 2020) and many 66 
protected areas face threats from natural drivers of loss (Heck et al., 2024).  67 

To achieve the targets set by the GBF, 187-190 km2 of mangrove loss must be prevented, and ~24,000 km2 68 
of mangrove area should be restored (Fu et al., 2024). Studies have shown the potential to increase 69 
protected areas to cover key mangrove biodiversity hotspots (Dabalà et al., 2023; Sievers et al., 2020) and 70 
compared management types inside and outside of protected areas for their efficiency in managing loss 71 
(Heck et al., 2024). It remains unclear whether countries experiencing significant mangrove loss and active 72 
loss drivers have incorporated measures to enhance existing protections or expand the extent of protected 73 
areas in their National Biodiversity Strategies and Action Plans (NBSAPs)—a critical factor in determining 74 
the success of the Global Biodiversity Framework by 2030 (Green et al., 2019).  Mangroves are thus a 75 
“litmus test” for evaluating GBF success, given disproportionate ecosystem parameters versus 76 
deforestation rates (Richards et al., 2020) and capabilities to increase effective protected areas at the 77 
national scale. 78 

To understand why mangrove loss persists despite international agreements, we adopt an interdisciplinary 79 
approach to investigate whether mangrove areas with high ecosystem values are included in the national 80 
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targets submitted under the GBF. Here, we spatially overlay ecosystem service hotspots with national GBF 81 
Targets 1 & 3 commitments. We hypothesise that to achieve halting mangrove loss by 2030 under the GBF 82 
framework, nations would include specific, quantitative targets with short-term (within the GBF timeline, 83 
i.e, by 2030) conservation impact, for example, addressing anthropogenic drivers of loss. However, if the 84 
active drivers of loss cannot be stopped in the short term, i.e., natural drivers of loss, then the GBF timeline 85 
is insufficient to halt mangrove loss. We first identified countries where short- or long-term conservation 86 
interventions in currently protected or non-protected areas can halt the loss of mangrove areas with high 87 
ecosystem values. We then analysed national targets submitted as NBSAPs under GBF by countries 88 
experiencing loss of mangrove areas with high ecosystem values, to understand if their targets align with 89 
the potential of managing drivers of mangrove loss in the short or long term. 90 

2. Methods 91 

We used geospatial datasets (Supplementary Table 1) and national target reports submitted by countries 92 
under the GBF. We accessed and analysed spatial datasets using Google Earth Engine (GEE), a big data 93 
analysis platform using JavaScript for cloud computing of geospatial datasets (Cardille, 2024). The methods 94 
are divided into three subsections: estimating the value of mangroves and their losses and classifying the 95 
loss of mangroves into long-term or short-term management interventions (Figure 1). The accuracy of our 96 
analysis is limited to the accuracy of the original datasets (Supplementary Table 1). We acknowledge that 97 
the analysis is limited by data with temporal mismatches. The change data spanned from 2000 to 2016, 98 
and the thematic analysis of the text in the national reports was conducted in 2024. The geospatial data is 99 
limited by a 30 m pixel size, which may miss small-scale losses and degradation and may not accurately 100 
reflect recent changes. Additionally, the national targets do not include subnational governance, 101 
community-based or private sector management interventions, which could enhance the management 102 
strategies discussed in this study.  103 
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 104 

Figure 1: Methodology used to analyse whether countries can meet their targets of halting mangrove loss 105 
under the Kunming-Montreal Global Biodiversity Framework. Circles indicate datasets, squares indicate the 106 
process flow of the data, and light and dark grey boxes indicate management intervention classes. 107 

2.1 Mangrove Loss  108 
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Net mangrove loss was identified using Global Intertidal Wetland Change (GIWC) Version 1 (1999-2019) by 109 
Murray et al. (2022), which gave the maximum period for analysis with similar accuracy to other mangrove 110 
extent datasets (e.g., Global Mangrove Watch, 1999-2016 (Bunting et al., 2018)). United Nations- Food and 111 
Agriculture Organisation sub-aggregated mangrove loss at the district level using the Global Administrative 112 
Unit Layers (GAUL).  113 

 2.1.1 Drivers of mangrove loss 114 

District-level mangrove loss data were subcategorised into mangrove loss drivers based on Goldberg et al. 115 
(2020). However, we did not categorise the mangrove loss drivers into anthropogenic or natural drivers as 116 
Goldberg et al. (2020) did. The drivers of mangrove loss are complex and can result from multiple 117 
interacting or multiplicative processes at various spatial scales. It is common to categorise commodities, 118 
settlements, and non-productive conversion as anthropogenic drivers, while erosion and extreme weather 119 
events are natural drivers (Asner et al., 2005; Heck et al., 2024). However, working with such categories at 120 
a global scale is challenging due to synergistic causes, some of which might originate kilometres away from 121 
the impact site. Moreover, erosion fits neither the anthropogenic nor the natural category as it is impacted 122 
by both ( e.g., climate change and storms (Ward et al., 2016), land use change (Jones et al., 2019), coastal 123 
infrastructures (Xie et al., 2022)). As a result, erosion and extreme weather events were termed “indirect 124 
drivers of loss”, whereas commodities, non-productive conversion and settlement are “direct drivers of 125 
loss” (sensu Murray et al., 2022). Additionally, we mapped the co-occurrence of direct and indirect drivers 126 
to estimate the impact of “co-occurring” drivers (e.g., cyclones and commodities). To do so, if a district was 127 
impacted by one or more direct or indirect drivers, we labelled it as a co-occurring driver; however, if a 128 
district was impacted only by direct or indirect drivers, co-occurring drivers were not reported from those 129 
areas. We also acknowledge the limitations of this study in projecting post-2030 outcomes, as global 130 
climate change may exacerbate the drivers of mangrove loss.  131 

 2.1.2 Short versus long-term management interventions 132 

We interpreted direct and indirect drivers of loss as those that can be managed in the short term versus 133 
those requiring long-term interventions to evaluate whether mangrove loss can be halted within the 2030 134 
timeline of GBF. Direct drivers of losses would require direct intervention, which, when effective, can halt 135 
mangrove loss in the short term. For example, a well-enforced mangrove protected area can reduce 136 
deforestation due to commodities or settlements and non-productive conversions (de Almeida et al., 2016; 137 
Heck et al., 2024; López-Angarita et al., 2018). Establishing protected status takes time, but it could be 138 
considered a shorter-term action compared to managing losses from erosion or extreme weather events. 139 
The impact of indirect drivers of loss can cause long-term impacts on forest structure and health (Asbridge 140 
et al., 2018; Mandal & Hosaka, 2020; Mondal et al., 2022) or are defined by preexisting conditions and the 141 
presence of other drivers of loss (Bhargava & Friess, 2022). Forest recovery from such drivers can take 142 
decades, even with protection (Milbrandt et al., 2012). Thus, managing mangrove loss due to erosion or 143 
extreme weather events requires long-term interventions, including restoration, nature-based protection, 144 
or adaptive management to build ecosystem resilience against natural drivers of loss (Reed et al., 2025).  145 

2.2 Loss of mangrove areas with high ecosystem value 146 

To evaluate the loss of mangrove areas with high ecosystem value, we utilised datasets on biodiversity, 147 
aboveground biomass, and coastal protection, which were available at a global scale. 148 
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We estimated biodiversity using species range map polygons from the International Union for the 149 
Conservation of Nature (IUCN) Red List of Endangered Species and BirdLife International data (BirdLife 150 
International and Handbook of the Birds of the World, 2024; IUCN, 2024) for mammals, reptiles, 151 
amphibians, and birds whose distribution falls within the extent of mangroves from the Global Mangrove 152 
Watch Dataset (Bunting et al., 2018). We summed species distribution to estimate species richness values 153 
per cell at 30 m resolution, aggregated at the district level. We aggregated carbon biomass values from 154 
Simard et al. (2019) at the district level to estimate mangrove aboveground biomass. To estimate a 155 
biophysical value for the coastal protection service of mangroves, we used Chaplin-Kramer et al. (2023)’s 156 
evaluation, as they provided relatively high-resolution (i.e., 300m) aggregates of the contribution of natural 157 
habitats (e.g., mangroves and coral reefs in the tropics) to reducing a coastal risk index every 2 km 158 
worldwide. To assign an appropriate value of coastal risk reduction to each of the mangrove districts, we 159 
estimated the mean of all the data point values that overlapped with the mangrove district’s boundaries. 160 

We aggregated the layers of coastal protection, aboveground biomass and biodiversity globally at the 161 
district level. Next, we normalised to fit a Gaussian curve, and any value greater than the global mean was 162 
labelled as “mangrove areas with high ecosystem values”. Finally, we combined coastal protection, 163 
aboveground biomass and biodiversity for each pixel to generate a 3 * 3 ecosystem value distribution 164 
matrix.  165 

2.3 Protected Areas and Non-Protected Areas and Management Intervention Classification 166 

We extracted data on mangrove loss, drivers of loss, ecosystem value, and the type of protection (or lack 167 
of protection) using the World Database of Protected Areas (WDPA). WDPA has false negatives—i.e., non-168 
protected areas in the dataset could have de facto but not "de jure" protection. Thus, analysing national 169 
targets was useful for enhancing our analysis. 170 

Overlaying protected area status with ecosystem value matrix produced the following categories: (1) Non-171 
protected areas experiencing direct drivers of mangrove loss: the potential to reduce mangrove loss in the 172 
short term by increasing protected area (2) Non-protected areas experiencing indirect drivers of mangrove 173 
loss: the potential to reduce mangrove loss in the long term by increasing protected areas; (3) Protected 174 
areas experiencing direct drivers of mangrove loss: potential to reduce mangrove loss in the short term by 175 
improving management; and (4) Protected areas experiencing indirect drivers of mangrove loss: potential 176 
to reduce mangrove loss in the long term by improving management. 177 

2.4 National Target Review 178 

We evaluated the national targets submitted by countries experiencing loss of mangrove areas with high 179 
ecosystem values to understand if they align with the management interventions identified in Section 2.3. 180 
We analysed the National Targets 1 and 3 submitted through the CBD’s Online Reporting Tool by 2024. 181 
These targets focus on halting habitat loss and achieving the conservation of 30% of terrestrial, inland 182 
water, coastal, and marine areas by 2030 (’30 by 30’), respectively.1. Text under Targets 1 and 3 was 183 
tabulated for each country, and thematic analysis (Braun & Clarke, 2022) was performed manually to 184 
extract themes using an inductive (grounded) coding framework (Sarker et al., 2000). Supplementary Table 185 

 
1 https://ort.cbd.int/national-targets 
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2 covers themes, codes, and definitions. Two researchers coding a 30% subset of the dataset performed 186 
inter-code validation; themes were finalised when a >90% agreement was reached (Miles et al., 2013).  187 

3. Results 188 

3.1 Identification of countries that can reduce the loss of mangrove areas with high ecosystem values 189 
through short or long-term management interventions 190 

Approximately 78% (64%-93% with 95% CI and 85.4% accuracy, as detailed in Supplementary Table 1) of 191 
mangrove areas with high biodiversity, biomass, and coastal protection are experiencing loss, primarily 192 
outside protected areas. Among the 120 countries with mangroves, 30 (25%) experienced a loss of 193 
mangrove areas with high ecosystem values between 2000 and 2016. Losses in non-protected areas were 194 
driven by direct (24.23% [5.7-42.8%, 95% CI, 81.5% accuracy]) and indirect (44.85% [26.3-63.4%, 95% CI, 195 
81.5% accuracy]) drivers of loss, with 12.71% [0-31.3%, 95% CI, 81.5% accuracy] from co-occurring drivers 196 
(Supplementary Figure A). Here, co-occurring drivers refer to both direct and indirect drivers that occur 197 
together, for example, deforestation due to commodity production and cyclones occurring in the same 198 
place.  199 

Of the 30 countries and territories, only Gabon, Panama, and New Caledonia experienced losses solely in 200 
protected areas, 10 had losses only in non-protected areas, and 18 countries faced losses in both (Figures 2 201 
and 3). Eight countries were affected by direct, 10 by indirect, and 12 by co-occurring drivers (Figures 2, 3). 202 
Co-occurring drivers were the primary cause of losses in both protected and non-protected areas. 203 

Regionally, only Africa (Cameroon, Mozambique, and Tanzania) can halt mangrove loss in the short term by 204 
expanding protected areas. In contrast, countries such as Guinea, India, and the USA can address a few 205 
drivers in the short term or manage all drivers in the long term by increasing protected areas. Gabon and 206 
New Caledonia can potentially manage all loss drivers in the short term through improved protected area 207 
management alone. Most African countries can halt losses in the short term, while only Vietnam, among 208 
nine Asian countries, can do the same. In the long term, many countries will need to increase protection to 209 
overcome the drivers of losses; improving current protection in the short term will not be sufficient (Figure 210 
4).  211 
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 212 

 213 

Figure 2: Drivers of loss of mangrove areas with high ecosystem values in non-protected mangrove areas between 2000 and 2016 by countries. Direct drivers 214 
were commodities (C), non-productive conversion (N), and settlements (S), and indirect drivers were erosion (E) and extreme weather events (W). 215 

 216 

 217 
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 218 

 219 

Figure 3: Drivers of loss of mangrove areas with high ecosystem values in protected mangrove areas between 2000 and 2016. Direct drivers were 220 
commodities (C), non-productive conversion (N), and settlements (S), and indirect drivers were erosion (E) and extreme weather events (W).221 
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 222 

Figure 4: Conservation and management interventions to reduce/ halt mangrove loss by improving the 223 
management of currently protected areas, increasing protection, or both using short-term, long-term or 224 
both short- and long-term timelines. The countries in the white and black circles refer to those that can 225 
improve current protection or increase protected areas, respectively. The ones in the grey area refer to 226 
those countries that can use both to increase protected areas and improve current protection. 227 

 228 
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3.2 Do National Targets align with the distribution of drivers of loss in the short versus long term? 229 

Of the 30 countries2 identified with the loss of mangrove areas of high ecosystem value, 11 countries 230 
included in their national targets, and the management interventions that could address the active drivers 231 
of loss in the short or long term (Figures 5 and 6). Additionally, of the 11 countries3 that could halt all 232 
drivers of mangrove loss in the short term; seven countries incorporated this goal into their national 233 
targets (Supplementary Table 3, Figure 5). 234 

Nine of the 15 countries identified as reducing some or all drivers of loss in the short term by expanding 235 
protected areas included this goal in their targets. Similarly, out of the 10 countries that could mitigate 236 
drivers of loss through improved management in the short term, 9 included them in their national targets. 237 
Cameroon, Colombia, Gabon, Panama, and Tanzania are the only countries that can manage all or part of 238 
the drivers of mangrove loss in the short term, i.e., by the GBF timeline, and have included it as a target.  239 

 240 

 
2 Out of the thirty countries, three (French Guiana, New Caledonia, and the United States of America) are not parties 
to the GBF. Additionally, no (or limited) data was available for six countries at the CBD’s Online Reporting Tool (ORL: 
https://ort.cbd.int/national-targets). Thus, there is evidence from twenty-four out of thirty countries supporting this 
result. The national targets (or equivalent) presented in this database are taken from the NBSAPs received since 
COP-10, fifth national reports or separate submissions 
 
3 3 Bahamas*, Belize*, Cameroon, Colombia, Gabon, Mozambique, New Caledonia#, Nigeria, Panama, Tanzania, Viet 
Nam. * Data Unavailable, # Not a party to GBF 
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 241 

Figure 5: Overlap between Identified Conservation Potential and National GBF Targets for Mangrove Loss 242 
Reduction. This Venn diagram illustrates the alignment between the potential for countries to reduce 243 
mangrove loss using specific conservation actions (such as Target 1: Spatial Planning, or Target 3: Area 244 
Conservation) and their stated commitments within their National Biodiversity Strategies and Action Plans 245 
(NBSAPs). The White Area represents countries identified as having high potential to reduce mangrove loss 246 
through an identified intervention, while the Black Area shows countries that included the specific 247 
conservation intervention in their national targets. The Grey Overlap highlights the subset of countries that 248 
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have both the potential to achieve mangrove loss reduction through the identified intervention and 249 
officially included that action in their national GBF-aligned targets. Note: Country names in bold are those 250 
that can manage a given driver of threat in the short term. * Data Unavailable and # not party to the GBF. 251 

 252 
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Figure 6: Countries that have the potential to reduce mangrove loss by either improving management, 253 
increasing protection or both and those that include these interventions as their NBSAPs national targets. 254 
Country names with a star indicate those that can manage a given driver of threat in the short term.  255 

Fifteen countries set targets to increase mangrove protected areas by 3–40%, ranging from 3–5% in 256 
Vietnam to 40% in Tanzania. Costa Rica, Cuba, Thailand, and Vietnam only targeted protected area 257 
expansion, while Bangladesh, Nigeria, the Philippines, and Sierra Leone focused solely on improving 258 
management. Nine countries did not set targets for either expansion or improved management of coastal 259 
ecosystems (Supplementary Table 3, Figure 5). 260 

Countries that adopted Target 1 (halting habitat loss) emphasised enhancing the management of current 261 
protected areas to achieve zero loss, improve biodiversity, and strengthen ecosystem value. Key strategies 262 
included spatial planning, improved data and mapping, participatory approaches, and increased 263 
connectivity. Costa Rica focused on controlling threats, while Bangladesh set multi-year targets for 264 
biodiversity-inclusive spatial planning. 265 

Unlike Target 1, Target 3, which focused on conserving 30% of land and water areas by 2030, was 266 
addressed by all countries. Madagascar and Ecuador reported having achieved Target 3 and are now 267 
prioritising Target 1. Themes included connectivity, genetic diversity, OECMs, community rights, and 268 
participation. However, the target lacked clarity on specific ecosystem priorities, often using the generic 269 
term "coastal ecosystems." Only Indonesia mentioned mangrove-specific targets managed by local 270 
authorities. Among the developed countries with mangroves, Australia, the only GBF party, focused on 271 
accessible environmental information and 30% protection targets for coastal ecosystems. Target 3 also 272 
emphasised community rights and inclusion through holistic and participatory approaches. Colombia 273 
prioritised ranger and officer security, while Madagascar focused on enhancing stakeholder resources and 274 
capacity. Although less common, some countries addressed gender-equitable planning (Supplementary 275 
Table 3). 276 

India, Indonesia, Madagascar, and Panama addressed all targets: expanding protected areas, improving 277 
management, reducing loss and its drivers, community representation and inclusion, and biodiversity or 278 
ecosystem service representation (Figure 7). Moreover, India prioritised coastal ecosystems, Indonesia 279 
lacked quantitative targets, Madagascar focused on community inclusion, and Panama emphasised 280 
improved data and high-tech GIS resources (Supplementary Table 3). 281 
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 282 

Figure 7: The key themes identified in the national Targets 1 and 3 and their common occurrences. The 283 
countries in the centre encompass all three themes: reducing biodiversity loss, the inclusion of community 284 
rights, and a focus on biodiversity/ecosystem services, function, and structure. 285 

4. Discussion 286 

4.1 Countries that can reduce the loss of mangrove areas with high ecosystem values through short or 287 
long-term management interventions 288 

While Target 3 aims for "near-zero" loss, achieving this requires targeted interventions to address both 289 
direct and indirect causes (Hughes, 2023). Short-term management can help 11 countries reduce losses of 290 
mangrove areas with high ecosystem values, but long-term strategies are essential to achieve near-zero 291 
losses. Correlating drivers of loss and management strategies showed that some countries could halt losses 292 
by focusing on either strategy. In contrast, countries like Malaysia, Indonesia, and the USA can combine 293 
strategies to achieve zero loss. These policies may be most effective when localised and will depend on the 294 
area’s protection status (Sudtongkong & Webb, 2008).  295 

Sub-Saharan Africa outperformed globally in reducing losses in the short term and would contribute the 296 
most to halting mangrove loss under the GBF structure. Outside of Africa, only Bangladesh, Panama, and 297 
the Bahamas can reduce losses in the short term. These countries are more conducive to community 298 
management due to their social, political, and cultural factors (Slobodian et al., 2025). Central American 299 
and African countries that can reduce mangrove loss using short-term strategies can improve 300 
implementation and monitoring going forward (Ajonina, 2022; Chamberland-Fontaine et al., 2022; Murillo-301 
Sandoval et al., 2025). Among the countries with holistic targets, only Panama could halt mangrove loss in 302 
the short term. However, current management policies in Panama suffer from competing government 303 
agendas and policy implementation gaps, which cannot overcome high rates of mangrove loss, urban 304 
expansion and coastal development (Chamberland-Fontaine et al., 2022). Mangrove conservation at scale 305 
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can be more successful when incorporating bottom-up, community-based management approaches 306 
(Begum et al., 2021; Di Franco et al., 2020). Stricter protection by national governments and IUCN 307 
categories alone may not necessarily result in successful conservation outcomes (Heck et al., 2024). For 308 
instance, Cameroon achieved conservation success with mangrove community-based management 309 
(Ajonina, 2022), meanwhile, Bangladesh and Indonesia are struggling to maintain one of the largest 310 
mangrove extents due to bureaucratic hurdles (Khan & Giessen, 2021; Mursyid et al., 2021). Focusing 311 
solely on short-term strategies for Target 3 to increase mangrove protection areas may be insufficient. 312 
Climate-smart restoration under GBF (Target 2) could also be combined with Targets 1 and 3 to enhance 313 
mangrove ecosystem conservation (Fu et al., 2024). 314 

4.2 Gaps in alignment of national targets and potential management strategies to reduce mangrove loss 315 

Global mangrove deforestation rates have declined due to increased protection, improved monitoring, and 316 
better data quality (Friess et al., 2020). Intergovernmental agreements, such as the GBF, offer the potential 317 
for further reductions in mangrove loss by providing incentives or frameworks to participating countries. 318 
However, we show that countries have not fully utilised strategies to halt drivers of loss. Therefore, 319 
achieving the GBF’s short-term goal of halting mangrove loss by 2030 appears unlikely. Addressing indirect 320 
loss drivers is crucial for effective intervention planning. For example, although Asian countries have set 321 
national targets in line with GBF Targets 1 and 3, expanding protection by 2030 may not stop mangrove 322 
loss, especially with active indirect loss drivers and the low extent of protected area networks (Farhadinia 323 
et al., 2022). Countries such as Bangladesh, Brazil, and Mexico have already protected over 80% of their 324 
mangrove areas, necessitating considerable effort for further expansion (Leal et al., 2024). Consequently, 325 
short-term reduction in mangrove loss may be challenging without targeted strategies. 326 

The review of national targets in meeting mangrove conservation goals showed a lack of clarity on specific 327 
measures to improve efficiency, increase protection or reduce drivers of losses. It is also unclear whether 328 
the targets meant mangroves when referring to coastal ecosystems. This ambiguity aligns with critiques of 329 
the GBF and prior Aichi Targets for lacking clear guidance on achieving, measuring, and reporting progress 330 
(Katerer, 2023; Xu et al., 2023). The lack of clarity gives the benefit of contextualising the targets to 331 
location situations and flexibility of implementation to the local governments (Harrop & Pritchard, 2011). 332 
The Aichi Targets  fell short due to vague metrics and transparency issues (Green et al., 2019). While the 333 
GBF has incorporated measurable targets (e.g., 30% by 2030), national targets can also include national-334 
level quantitative targets, assessments and monitoring. Additionally, the disconnect between Targets 1 and 335 
3 and ground realities, such as the need for clarification on land tenure, a lack of capacity and human 336 
resources, and funding, should be addressed in the targets. Achieving the GBF targets will depend on 337 
financial support, monitoring, and cross-country coordination (Eckert et al., 2023). Low- and middle-338 
income countries, suffering from funding gaps (Spring & Spring, 2024), it may find it challenging to 339 
implement and improve targets without international support, although recent global commitments aim to 340 
raise USD 30 billion by 2030 (CBD, 2025). 341 

4.3 Management interventions specific to drivers of loss 342 

There is mixed evidence on the effectiveness of protected areas in managing biodiversity and ecosystem 343 
service losses in mangrove forests (Medeiros et al., 2023; Osorio-Olvera et al., 2024; Yusuf et al., 2017). 344 
Where mangrove protection is effective, a reduction in loss and recovery of mangrove cover is observed 345 
(Lima et al., 2021; Osorio-Olvera et al., 2024). Distance from roads (Osorio-Olvera et al., 2024), the 346 
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promotion of monoculture of natural or exotic species (Jia et al., 2016), and a lack of local community 347 
participation (Macamo et al., 2016) are other factors that have impacted the effectiveness of mangrove 348 
protection. Even if increased protection is added as a target, ecosystem mapping and actions to curb local 349 
drivers of losses can aid in reducing mangrove loss (Hagger et al., 2022).  350 

While some national targets aim to reduce the impacts from direct drivers of loss, none address indirect 351 
drivers, such as erosion and extreme weather events, which are more challenging to manage. Over 50% of 352 
protected and unprotected mangroves are affected by erosion, extreme weather, or a combination of 353 
these factors, alongside direct drivers. Therefore, long-term strategies to enhancing mangrove resilience 354 
against indirect drivers, which are crucial for effective protected area management. Such strategies could 355 
be incorporated into NBSAPs through Targets 2, 8, and 11 via a cross-sectoral, integrated approach to 356 
ecosystem management. Direct interventions, such as permeable dams (Winterwerp et al., 2020) and 357 
targeted mangrove restoration (Handayani et al., 2021; L. T. M. Nguyen et al., 2020), can help mitigate 358 
erosion, with partial success. Nature-based solutions and ecosystem-based adaptations could aid in 359 
reducing the impacts of indirect drivers (Lovelock et al., 2024). Mangrove forests are naturally disturbance-360 
adapted, though human intervention often aids recovery post-cyclone (Amaral et al., 2022). 361 

4.4. Policy Implications 362 

The establishment and management of protected areas vary by regional, national, and local governance 363 
structures (Gnansounou et al., 2022; Gopal & Chauhan, 2016; Kamau et al., 2024). Regardless of 364 
governance type, legitimacy, fairness, and stakeholder inclusion are vital for success (Golebie et al., 2021). 365 
Including local and Indigenous community values and land rights beyond the instrumental focus of the GBF 366 
ensures just planning (Murali et al., 2024), especially after the adoption of Target 22 on land-use change 367 
and land tenure in the traditional territories of Indigenous Peoples and local communities (WCMC, 2025). 368 
Several countries have adopted this inclusive approach, while others, such as India and Indonesia, focus on 369 
holistic strategies that combine protection, efficiency, and co-management. Countries lacking alignment 370 
between GBF targets and mangrove loss drivers should include ecosystem-specific measurable targets in 371 
addition to including community rights and biodiversity hotspots in future iterations of NBSAPs. At the 372 
national level, ecosystem-based monitoring—such as greenhouse gas inventories, biodiversity mapping, 373 
and ecosystem service assessments—can help identify priority areas while generating data to support 374 
transparent reporting under international frameworks, including the Nationally Determined Contributions 375 
(NDCs) and the CBD. Focusing on ecosystem functions, services and structures for area-based management 376 
and targeting specific drivers of losses (Arifanti et al., 2022; Camacho et al., 2020) could improve the 377 
application of GBF. 378 

Internationally binding agreements are essential, but national strategies require measurable metrics, 379 
monitoring, and clear progress indicators (Hodgetts et al., 2018; Katerer, 2023). Integrating various 380 
policies, such as coastal zone management, co-management, Other Effective Area-based Conservation 381 
Measures (OECMs), Payment for Ecosystem Services (PES), Sustainable Development Goals (SDGs), NDCs 382 
and transboundary management, offers comprehensive benefits (Alves-Pinto et al., 2021; Carter et al., 383 
2015; Damastuti et al., 2022). Mangrove restoration initiatives can be strategically positioned to access 384 
existing climate adaptation finance streams, such as the Green Climate Fund (GCF), Adaptation Fund, or 385 
regional mechanisms like the ASEAN Catalytic Green Finance Facility, by framing them as ecosystem-based 386 
adaptation measures that reduce coastal vulnerability, enhance livelihoods, and contribute to NDC targets 387 
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(NDC Partnership, n.d.; Slobodian et al., 2025). Meanwhile, a permanent arrangement for providing 388 
biodiversity finance ($200 billion per year) and future-proofing funds beyond 2030 was agreed upon at the 389 
resumed COP16 in Rome (Chandrashekhar et al., 2025). However, blue carbon finance was absent from 390 
national targets (Fu et al., 2024). Additionally, the climate change mitigation benefits from mangroves can 391 
also be coupled to increase avenues of funding (Macreadie et al., 2021).. Meeting the "30 by 30" target 392 
alone is insufficient; meaningful engagement and cross-sectoral collaboration are important for conserving 393 
mangrove biodiversity (Zabala et al., 2024). 394 

5. Conclusions 395 

Several countries can reduce mangrove loss by establishing new protected areas and improving current 396 
protection measures. However, the national targets submitted to the GBF do not currently align with this 397 
scope of reducing mangrove loss. Thus, the GBF targets for mangroves will be challenging to meet by 2030. 398 
While certain countries may successfully mitigate local drivers of mangrove loss, there is a risk of threat 399 
leakage, where destructive activities shift to other regions or ecosystems, within and between countries. 400 
Long-term planning and investment can help address this issue, as can a commitment to improving current 401 
management practices and aligning them with the UNFCCC agreements, climate adaptation, and resilience 402 
frameworks. Additional work should be undertaken to strengthen the connection between national targets 403 
and subnational policies. GBF could mandate ecosystem service planning with quantitative, measurable, 404 
and ecosystem-specific targets to measure impact. Countries can also utilise climate-smart spatial planning 405 
and available climate finance mechanisms to support their mangrove conservation initiatives. GBF 406 
signatories should adopt mangrove-specific ecosystem service hotspots for target setting and enhance 407 
real-time monitoring. Such approaches will often require sustained political will, international cooperation, 408 
and financial support to preserve mangrove forests and their ecosystem services. 409 

Page 18 of 33AUTHOR SUBMITTED MANUSCRIPT - ERL-121080.R4

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60 A

cc
ep

te
d 

M
an

us
cr

ip
t



 
   
 

 
   
 

Acknowledgements 

DLY, DL, HKL, YKL, SP, EPC, KP, and KGCO acknowledge Birdlife International and the Asian 

Development Bank’s East Asian- Australasian Regional Flyway Initiative project. RBG and HT 

were supported by a gift grant from BirdLife International to the National University of 

Singapore. DF thanks Michael and Matilda Cochran for endowing the Cochran Family 

Professorship, which supported this study. RBG and HT were also supported by the 

Singapore National Research Foundation grant entitled ‘‘A Blue Carbon Framework for 

Singapore’s National Climate Change Policy” (NRF-MCCS21-1-1-0001). Any opinions, findings 

and conclusions or recommendations expressed in this material are those of the authors 

and do not reflect the views of the National Research Foundation, Singapore. 

 

 

References 

Ajonina, G. N. (2022). Cameroon Mangroves: Current Status, Uses, Challenges, and 

Management Perspectives. In Mangroves: Biodiversity, Livelihoods and 

Conservation (pp. 565–609). Springer, Singapore. https://doi.org/10.1007/978-

981-19-0519-3_21 

Alves-Pinto, H., Geldmann, J., Jonas, H., Maioli, V., Balmford, A., Ewa Latawiec, A., 

Crouzeilles, R., & Strassburg, B. (2021). Opportunities and challenges of other 

effective area-based conservation measures (OECMs) for biodiversity 

conservation. Perspectives in Ecology and Conservation, 19(2), 115–120. 

https://doi.org/10.1016/j.pecon.2021.01.004 

Amaral, C. H. do, Poulter, B., Lagomasino, D., Fatoyinbo, T., Taillie, P., Lizcano, G., 

Canty, S., Silveira, J. A. H., Teutli-Hernández, C., Cifuentes, M., Charles, S. P., 

Moreno, C. S., González-Trujillo, J. D., & Roman-Cuesta, R. M. (2022). Drivers of 

mangrove vulnerability and resilience to tropical cyclones in the North Atlantic 

Page 19 of 33 AUTHOR SUBMITTED MANUSCRIPT - ERL-121080.R4

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60 A

cc
ep

te
d 

M
an

us
cr

ip
t



 
   
 

 
   
 

Basin (p. 2022.11.22.517275). bioRxiv. 

https://doi.org/10.1101/2022.11.22.517275 

Arifanti, V. B., Sidik, F., Mulyanto, B., Susilowati, A., Wahyuni, T., Subarno, Yulianti, 

Yuniarti, N., Aminah, A., Suita, E., Karlina, E., Suharti, S., Pratiwi, Turjaman, M., 

Hidayat, A., Rachmat, H. H., Imanuddin, R., Yeny, I., Darwiati, W., … Novita, N. 

(2022). Challenges and Strategies for Sustainable Mangrove Management in 

Indonesia: A Review. Forests, 13(5), Article 5. https://doi.org/10.3390/f13050695 

Asbridge, E., Lucas, R., Rogers, K., & Accad, A. (2018). The extent of mangrove change 

and potential for recovery following severe Tropical Cyclone Yasi, Hinchinbrook 

Island, Queensland, Australia. Ecology and Evolution, 8(21), 10416–10434. 

https://doi.org/10.1002/ece3.4485 

Asner, G. P., Knapp, D. E., Broadbent, E. N., Oliveira, P. J. C., Keller, M., & Silva, J. N. 

(2005). Selective Logging in the Brazilian Amazon. Science, 310(5747), 480–482. 

https://doi.org/10.1126/science.1118051 

Begum, F., Lobry de Bruyn, L., Kristiansen, P., & Islam, M. A. (2021). Institutionalising 

co-management activities for conservation of forest resources: Evidence from 

the Sundarban mangrove forest management of Bangladesh. Journal of 

Environmental Management, 298, 113504. 

https://doi.org/10.1016/j.jenvman.2021.113504 

Bhargava, R., & Friess, D. A. (2022). Previous Shoreline Dynamics Determine Future 

Susceptibility to Cyclone Impact in the Sundarban Mangrove Forest. Frontiers in 

Marine Science, 9. 

https://www.frontiersin.org/articles/10.3389/fmars.2022.814577 

Page 20 of 33AUTHOR SUBMITTED MANUSCRIPT - ERL-121080.R4

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60 A

cc
ep

te
d 

M
an

us
cr

ip
t



 
   
 

 
   
 

BirdLife International and Handbook of the Birds of the World. (2024). Bird species 

distribution maps of the world (Version 2024.2) [Dataset]. https://ddec1-0-en-

ctp.trendmicro.com:443/wis/clicktime/v1/query?url=http%3a%2f%2fdatazone.

birdlife.org%2fspecies%2frequestdis&umid=a1ce008c-2679-4d25-9245-

14271eb75fd5&auth=8d3ccd473d52f326e51c0f75cb32c9541898e5d5-

23870a768bdfd1a116164c9784d31f280aaf7296 

Braun, V., & Clarke, V. (2022). Conceptual and design thinking for thematic analysis. 

Qualitative Psychology, 9, 3–26. https://doi.org/10.1037/qup0000196 

Bruner, A. G., Gullison, R. E., Rice, R. E., & da Fonseca, G. A. B. (2001). Effectiveness of 

Parks in Protecting Tropical Biodiversity. Science, 291(5501), 125–128. 

https://doi.org/10.1126/science.291.5501.125 

Bunting, P., Rosenqvist, A., Lucas, R. M., Rebelo, L.-M., Hilarides, L., Thomas, N., 

Hardy, A., Itoh, T., Shimada, M., & Finlayson, C. M. (2018). The Global Mangrove 

Watch—A New 2010 Global Baseline of Mangrove Extent. Remote Sensing, 

10(10), Article 10. https://doi.org/10.3390/rs10101669 

Camacho, L. D., Gevaña, D. T., Sabino, L. L., Ruzol, C. D., Garcia, J. E., Camacho, A. C. 

D., Oo, T. N., Maung, A. C., Saxena, K. G., Liang, L., Yiu, E., & Takeuchi, K. (2020). 

Sustainable mangrove rehabilitation: Lessons and insights from community-

based management in the Philippines and Myanmar. APN Science Bulletin. 

https://doi.org/10.30852/sb.2020.983 

Cardille, J. A. (2024). Filter, Map, Reduce. In J. A. Cardille, M. A. Crowley, D. Saah, & N. 

E. Clinton (Eds.), Cloud-Based Remote Sensing with Google Earth Engine: 

Page 21 of 33 AUTHOR SUBMITTED MANUSCRIPT - ERL-121080.R4

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60 A

cc
ep

te
d 

M
an

us
cr

ip
t



 
   
 

 
   
 

Fundamentals and Applications (pp. 241–253). Springer International Publishing. 

https://doi.org/10.1007/978-3-031-26588-4_12 

Carter, H. N., Schmidt, S. W., & Hirons, A. C. (2015). An International Assessment of 

Mangrove Management: Incorporation in Integrated Coastal Zone Management. 

Diversity, 7(2), Article 2. https://doi.org/10.3390/d7020074 

Chamberland-Fontaine, S., Thomas Estrada, G., Heckadon-Moreno, S., & Hickey, G. M. 

(2022). Enhancing the sustainable management of mangrove forests: The case 

of Punta Galeta, Panama. Trees, Forests and People, 8, 100274. 

https://doi.org/10.1016/j.tfp.2022.100274 

Chandrashekhar, A., Dunne, D., Dwyer, O., Yanine, Q., & Viglione, G. (2025, February 

28). COP16: Key outcomes agreed at the resumed UN biodiversity conference in 

Rome. Carbon Brief. https://www.carbonbrief.org/cop16-key-outcomes-agreed-

at-the-resumed-un-biodiversity-conference-in-rome/ 

Chaplin-Kramer, R., Neugarten, R. A., Sharp, R. P., Collins, P. M., Polasky, S., Hole, D., 

Schuster, R., Strimas-Mackey, M., Mulligan, M., Brandon, C., Diaz, S., Fluet-

Chouinard, E., Gorenflo, L. J., Johnson, J. A., Kennedy, C. M., Keys, P. W., 

Longley-Wood, K., McIntyre, P. B., Noon, M., … Watson, R. A. (2023). Mapping 

the planet’s critical natural assets. Nature Ecology & Evolution, 7(1), Article 1. 

https://doi.org/10.1038/s41559-022-01934-5 

Dabalà, A., Dahdouh-Guebas, F., Dunn, D. C., Everett, J. D., Lovelock, C. E., Hanson, J. 

O., Buenafe, K. C. V., Neubert, S., & Richardson, A. J. (2023). Priority areas to 

protect mangroves and maximise ecosystem services. Nature Communications, 

14(1), Article 1. https://doi.org/10.1038/s41467-023-41333-3 

Page 22 of 33AUTHOR SUBMITTED MANUSCRIPT - ERL-121080.R4

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60 A

cc
ep

te
d 

M
an

us
cr

ip
t



 
   
 

 
   
 

Damastuti, E., de Groot, R., Debrot, A. O., & Silvius, M. J. (2022). Effectiveness of 

community-based mangrove management for biodiversity conservation: A case 

study from Central Java, Indonesia. Trees, Forests and People, 7, 100202. 

https://doi.org/10.1016/j.tfp.2022.100202 

de Almeida, L. T., Olímpio, J. L. S., Pantalena, A. F., de Almeida, B. S., & de Oliveira 

Soares, M. (2016). Evaluating ten years of management effectiveness in a 

mangrove protected area. Ocean & Coastal Management, 125, 29–37. 

https://doi.org/10.1016/j.ocecoaman.2016.03.008 

Di Franco, A., Hogg, K. E., Calò, A., Bennett, N. J., Sévin-Allouet, M.-A., Esparza 

Alaminos, O., Lang, M., Koutsoubas, D., Prvan, M., Santarossa, L., Niccolini, F., 

Milazzo, M., & Guidetti, P. (2020). Improving marine protected area governance 

through collaboration and co-production. Journal of Environmental 

Management, 269, 110757. https://doi.org/10.1016/j.jenvman.2020.110757 

Dudley, N. (2024). What Does the Global Biodiversity Framework Mean for Protected 

and Conserved Areas? In Managing Protected Areas (pp. 11–30). Palgrave 

Macmillan, Cham. https://doi.org/10.1007/978-3-031-40783-3_2 

Eckert, I., Brown, A., Caron, D., Riva, F., & Pollock, L. J. (2023). 30×30 biodiversity gains 

rely on national coordination. Nature Communications, 14(1), 7113. 

https://doi.org/10.1038/s41467-023-42737-x 

Farhadinia, M. S., Waldron, A., Kaszta, Ż., Eid, E., Hughes, A., Ambarlı, H., Al- Hikmani, 

H., Buuveibaatar, B., Gritsina, M. A., Haidir, I., Islam, Z., Kabir, M., Khanal, G., 

Koshkin, M. A., Kulenbekov, R., Kubanychbekov, Z., Maheshwari, A., Penjor, U., 

Raza, H., … Macdonald, D. W. (2022). Current trends suggest most Asian 

Page 23 of 33 AUTHOR SUBMITTED MANUSCRIPT - ERL-121080.R4

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60 A

cc
ep

te
d 

M
an

us
cr

ip
t



 
   
 

 
   
 

countries are unlikely to meet future biodiversity targets on protected areas. 

Communications Biology, 5(1), 1–9. https://doi.org/10.1038/s42003-022-04061-

w 

Friess, D. A., Yando, E. S., Abuchahla, G. M. O., Adams, J. B., Cannicci, S., Canty, S. W. 

J., Cavanaugh, K. C., Connolly, R. M., Cormier, N., Dahdouh-Guebas, F., Diele, 

K., Feller, I. C., Fratini, S., Jennerjahn, T. C., Lee, S. Y., Ogurcak, D. E., Ouyang, 

X., Rogers, K., Rowntree, J. K., … Wee, A. K. S. (2020). Mangroves give cause for 

conservation optimism, for now. Current Biology, 30(4), R153–R154. 

https://doi.org/10.1016/j.cub.2019.12.054 

Fu, C., Steckbauer, A., Mann, H., & Duarte, C. M. (2024). Achieving the Kunming–

Montreal global biodiversity targets for blue carbon ecosystems. Nature Reviews 

Earth & Environment, 5(7), 538–552. https://doi.org/10.1038/s43017-024-00566-

6 

Gnansounou, S. C., Sagoe, A. A., Mattah, P. A. D., Salako, K. V., Aheto, D. W., & Glèlè 

Kakaï, R. (2022). The co-management approach has positive impacts on 

mangrove conservation: Evidence from the mono transboundary biosphere 

reserve (Togo-Benin), West Africa. Wetlands Ecology and Management, 30(6), 

1245–1259. https://doi.org/10.1007/s11273-022-09894-0 

Golebie, E. J., Aczel, M., Bukoski, J. J., Chau, S., Ramirez-Bullon, N., Gong, M., & Noah, 

T. (2021). A qualitative systematic review of governance principles for mangrove 

conservation. Conservation Biology, 1–15. https://doi.org/10.1111/cobi.13850 

Gopal, B., & Chauhan, M. (2016). The Transboundary Sundarbans Mangroves (India and 

Bangladesh). In C. M. Finlayson, G. R. Milton, R. C. Prentice, & N. C. Davidson 

Page 24 of 33AUTHOR SUBMITTED MANUSCRIPT - ERL-121080.R4

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60 A

cc
ep

te
d 

M
an

us
cr

ip
t



 
   
 

 
   
 

(Eds.), The Wetland Book: II: Distribution, Description and Conservation (pp. 1–

10). Springer Netherlands. https://doi.org/10.1007/978-94-007-6173-5_26-6 

Green, E. J., Buchanan, G. M., Butchart, S. H. M., Chandler, G. M., Burgess, N. D., Hill, 

S. L. L., & Gregory, R. D. (2019). Relating characteristics of global biodiversity 

targets to reported progress. Conservation Biology, 33(6), 1360–1369. 

https://doi.org/10.1111/cobi.13322 

Hagger, V., Worthington, T. A., Lovelock, C. E., Adame, M. F., Amano, T., Brown, B. M., 

Friess, D. A., Landis, E., Mumby, P. J., Morrison, T. H., O’Brien, K. R., Wilson, K. 

A., Zganjar, C., & Saunders, M. I. (2022). Drivers of global mangrove loss and gain 

in social-ecological systems. Nature Communications, 13(1), Article 1. 

https://doi.org/10.1038/s41467-022-33962-x 

Handayani, S., Adrianto, L., Nurjaya, I. W., Bengen, D. G., & Wardiatno, Y. (2021). 

Strategies for optimizing mangrove ecosystem management in the rehabilitation 

area of Sayung coastal zone, Demak Regency, Central Java. Jurnal Pengelolaan 

Sumberdaya Alam dan Lingkungan (Journal of Natural Resources and 

Environmental Management), 11(3), Article 3. 

https://doi.org/10.29244/jpsl.11.3.387-396 

Harrop, S. R., & Pritchard, D. J. (2011). A hard instrument goes soft: The implications of 

the Convention on Biological Diversity’s current trajectory. Global Environmental 

Change, 21(2), 474–480. https://doi.org/10.1016/j.gloenvcha.2011.01.014 

Heck, N., Goldberg, L., Andradi-Brown, D., Campbell, A., Narayan, S., Ahmadia, G., & 

Lagomasino, D. (2024). Global drivers of mangrove loss in protected areas. 

Page 25 of 33 AUTHOR SUBMITTED MANUSCRIPT - ERL-121080.R4

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60 A

cc
ep

te
d 

M
an

us
cr

ip
t



 
   
 

 
   
 

Conservation Biology : The Journal of the Society for Conservation Biology, 

e14293. https://doi.org/10.1111/cobi.14293 

Hodgetts, T., Lewis, M., Bauer, H., Burnham, D., Dickman, A., Macdonald, E., 

Macdonald, D., & Trouwborst, A. (2018). Improving the role of global 

conservation treaties in addressing contemporary threats to lions. Biodiversity 

and Conservation, 27(10), 2747–2765. https://doi.org/10.1007/s10531-018-

1567-1 

Hughes, A. C. (2023). The Post-2020 Global Biodiversity Framework: How did we get 

here, and where do we go next? Integrative Conservation, 2(1), 1–9. 

https://doi.org/10.1002/inc3.16 

Hurricane disturbance and forest dynamics in east Caribbean mangroves—Imbert—

2018—Ecosphere—Wiley Online Library. (n.d.). Retrieved February 7, 2025, from 

https://esajournals.onlinelibrary.wiley.com/doi/10.1002/ecs2.2231 

IUCN. (2024). The IUCN Red List of Threatened Species. (Version 2024-2.) [Dataset]. 

https://www.iucnredlist.org 

Jia, M., Liu, M., Wang, Z., Mao, D., Ren, C., & Cui, H. (2016). Evaluating the Effectiveness 

of Conservation on Mangroves: A Remote Sensing-Based Comparison for Two 

Adjacent Protected Areas in Shenzhen and Hong Kong, China. Remote Sensing, 

8(8), Article 8. https://doi.org/10.3390/rs8080627 

Jones, M. C., Wingard, G. L., Stackhouse, B., Keller, K., Willard, D., Marot, M., Landacre, 

B., & E. Bernhardt, C. (2019). Rapid inundation of southern Florida coastline 

despite low relative sea-level rise rates during the late-Holocene. Nature 

Communications, 10(1), Article 1. https://doi.org/10.1038/s41467-019-11138-4 

Page 26 of 33AUTHOR SUBMITTED MANUSCRIPT - ERL-121080.R4

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60 A

cc
ep

te
d 

M
an

us
cr

ip
t



 
   
 

 
   
 

Kamau, A. W., Shauri, H., Hugé, J., Van Puyvelde, K., Koedam, N., & Kairo, J. G. (2024). 

Patterns of Mangrove Resource Uses within the Transboundary Conservation 

Area of Kenya and Tanzania. Sustainability, 16(11), Article 11. 

https://doi.org/10.3390/su16114623 

Katerer, Y. (2023). Avoiding the mistakes of the Aichi Targets – Why implementation of 

the Kunming-Montreal GBF must be unapologetically transformative. 

https://www.semanticscholar.org/paper/Avoiding-the-mistakes-of-the-Aichi-

Targets-%E2%80%93-Why-of-

Katerer/3da99293f2af83e0b5163cf772a7e95861425df0 

Khan, M. F. A., & Giessen, L. (2021). Exceptional bureaucratic rivalry in mangrove forest 

policy: Explanations from the Sundarbans, Bangladesh. Ocean & Coastal 

Management, 203, 105510. https://doi.org/10.1016/j.ocecoaman.2020.105510 

Lima, N. G. B. de, Cunha-Lignon, M., & Galvani, E. (2021). Microclimatic analysis of 

mangroves in two distinct categories of Protected Areas and conserved status. 

Sociedade & Natureza, 33. https://doi.org/10.14393/SN-v33-2021-57483 

López-Angarita, J., Tilley, A., Hawkins, J. P., Pedraza, C., & Roberts, C. M. (2018). Land 

use patterns and influences of protected areas on mangroves of the eastern 

tropical Pacific. Biological Conservation, 227, 82–91. 

https://doi.org/10.1016/j.biocon.2018.08.020 

Lovelock, C. E., Bennion, V., de Oliveira, M., Hagger, V., Hill, J. W., Kwan, V., Pearse, A. 

L., Rossini, R. A., & Twomey, A. J. (2024). Mangrove ecology guiding the use of 

mangroves as nature-based solutions. Journal of Ecology, 112(11), 2510–2521. 

https://doi.org/10.1111/1365-2745.14383 

Page 27 of 33 AUTHOR SUBMITTED MANUSCRIPT - ERL-121080.R4

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60 A

cc
ep

te
d 

M
an

us
cr

ip
t



 
   
 

 
   
 

Macamo, C. C. F., Massuanganhe, E., Nicolau, D. K., Bandeira, S. O., & Adams, J. B. 

(2016). Mangrove’s response to cyclone Eline (2000): What is happening 14 

years later. Aquatic Botany, 134, 10–17. 

https://doi.org/10.1016/j.aquabot.2016.05.004 

Macreadie, P. I., Costa, M. D. P., Atwood, T. B., Friess, D. A., Kelleway, J. J., Kennedy, H., 

Lovelock, C. E., Serrano, O., & Duarte, C. M. (2021). Blue carbon as a natural 

climate solution. Nature Reviews Earth & Environment, 2(12), Article 12. 

https://doi.org/10.1038/s43017-021-00224-1 

Mandal, M. S. H., & Hosaka, T. (2020). Assessing cyclone disturbances (1988–2016) in 

the Sundarbans mangrove forests using Landsat and Google Earth Engine. 

Natural Hazards, 102(1), 133–150. https://doi.org/10.1007/s11069-020-03914-z 

Medeiros, I. S., Santos, S. S., Rebelo, V. A., Almeida, I. C., Veloso, T. M. G., Almeida, N. 

V., & Borges, J. C. G. (2023). Effectiveness of Federal Protected Areas in the 

Preservation of Mangrove Forests on the Coast of the State of Paraíba, Brazil. 

Anais Da Academia Brasileira de Ciências, 95(1), e20211079. 

https://doi.org/10.1590/0001-3765202320211079 

Milbrandt, E., J, GREENAWALT-BOSWELL, M., & SOKOLOFFt, P. D. (2012). Coastal and 

Estuarine Research Federation Impact and Response of Southwest Florida 

Mangroves to the 2004 Hurricane Season. 

https://www.semanticscholar.org/paper/Coastal-and-Estuarine-Research-

Federation-Impact-of-Milbrandt-

J./46fb20a4c42d87b21c6aea35b9858898dc5328bf 

Page 28 of 33AUTHOR SUBMITTED MANUSCRIPT - ERL-121080.R4

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60 A

cc
ep

te
d 

M
an

us
cr

ip
t



 
   
 

 
   
 

Miles, M. B., Huberman, A. M., & Saldana, J. (2013). Qualitative Data Analysis: A 

Methods Sourcebook. SAGE Publications. 

Mondal, P., Dutta, T., Qadir, A., & Sharma, S. (2022). Radar and optical remote sensing 

for near real-time assessments of cyclone impacts on coastal ecosystems. 

Remote Sensing in Ecology and Conservation, 8(4), 506–520. 

https://doi.org/10.1002/rse2.257 

Murali, R., Lliso, B., Mannetti, L. M., Filyushkina, A., Amaruzaman, S., Amin, A. M., 

Hyldmo, H. da S., Koessler, A.-K., Lenzi, D., Lutti, N., & Yiu, E. (2024). Assessing 

multiple values of nature in National Biodiversity Strategies and Action Plans. 

People and Nature, 6(3), 1355–1365. https://doi.org/10.1002/pan3.10645 

Murillo-Sandoval, P. J., Perea-Ardila, M., & Simard, M. (2025). Examining the status of 

mangrove forest dynamics and community-led management on the Colombian 

Pacific coast. Ocean & Coastal Management, 266, 107672. 

https://doi.org/10.1016/j.ocecoaman.2025.107672 

Murray, N. J., Worthington, T. A., Bunting, P., Duce, S., Hagger, V., Lovelock, C. E., 

Lucas, R., Saunders, M. I., Sheaves, M., Spalding, M., Waltham, N. J., & Lyons, M. 

B. (2022). High-resolution mapping of losses and gains of Earth’s tidal wetlands. 

Science, 376(6594), 744–749. https://doi.org/10.1126/science.abm9583 

Mursyid, H., Daulay, M. H., Pratama, A. A., Laraswati, D., Novita, N., Malik, A., & 

Maryudi, A. (2021). Governance issues related to the management and 

conservation of mangrove ecosystems to support climate change mitigation 

actions in Indonesia. Forest Policy and Economics, 133, 102622. 

https://doi.org/10.1016/j.forpol.2021.102622 

Page 29 of 33 AUTHOR SUBMITTED MANUSCRIPT - ERL-121080.R4

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60 A

cc
ep

te
d 

M
an

us
cr

ip
t



 
   
 

 
   
 

NDC Partnership. (n.d.). Best Practice Guidelines for Mangrove Restoration | NDC 

Partnership. Retrieved August 23, 2025, from 

https://ndcpartnership.org/knowledge-portal/climate-toolbox/best-practice-

guidelines-mangrove-restoration 

Nguyen, H.-H., McAlpine, C., Pullar, D., Leisz, S. J., & Galina, G. (2015). Drivers of 

Coastal Shoreline Change: Case Study of Hon Dat Coast, Kien Giang, Vietnam. 

Environmental Management, 55(5), 1093–1108. https://doi.org/10.1007/s00267-

015-0455-7 

Nguyen, L. T. M., Hoang, H. T., Ta, H. V., & Park, P. S. (2020). Comparison of Mangrove 

Stand Development on Accretion and Erosion Sites in Ca Mau, Vietnam. Forests, 

11(6), 615. https://doi.org/10.3390/f11060615 

Obura, D. (2023). The Kunming-Montreal Global Biodiversity Framework: Business as 

usual or a turning point? One Earth, 6(2), 77–80. 

https://doi.org/10.1016/j.oneear.2023.01.013 

Osorio-Olvera, L., Rioja-Nieto, R., & Guerra-Martínez, F. (2024). Prediction of mangrove 

recovery in natural protected areas of the Yucatan Peninsula. Regional 

Environmental Change, 24(2), 38. https://doi.org/10.1007/s10113-024-02203-w 

Reed, D., Chavez, S., Castañeda-Moya, E., Oberbauer, S. F., Troxler, T., & Malone, S. 

(2025). Resilience to Hurricanes Is High in Mangrove Blue Carbon Forests. 

Global Change Biology, 31(3), e70124. https://doi.org/10.1111/gcb.70124 

Richards, D. R., Thompson, B. S., & Wijedasa, L. (2020). Quantifying net loss of global 

mangrove carbon stocks from 20 years of land cover change. Nature 

Communications, 11(1), 4260. https://doi.org/10.1038/s41467-020-18118-z 

Page 30 of 33AUTHOR SUBMITTED MANUSCRIPT - ERL-121080.R4

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60 A

cc
ep

te
d 

M
an

us
cr

ip
t



 
   
 

 
   
 

Sarker, S., Lau, F., & Sahay, S. (2000). Using an adapted grounded theory approach for 

inductive theory building about virtual team development. ACM SIGMIS 

Database: The DATABASE for Advances in Information Systems, 32(1), 38–56. 

https://doi.org/10.1145/506740.506745 

Sievers, M., Chowdhury, M. R., Adame, M. F., Bhadury, P., Bhargava, R., Buelow, C., 

Friess, D. A., Ghosh, A., Hayes, M. A., McClure, E. C., Pearson, R. M., Turschwell, 

M. P., Worthington, T. A., & Connolly, R. M. (2020). Indian Sundarbans mangrove 

forest considered endangered under Red List of Ecosystems, but there is cause 

for optimism. Biological Conservation, 251, 108751. 

https://doi.org/10.1016/j.biocon.2020.108751 

Simard, M., Fatoyinbo, L., Smetanka, C., Rivera-Monroy, V. H., Castañeda-Moya, E., 

Thomas, N., & Van der Stocken, T. (2019). Mangrove canopy height globally 

related to precipitation, temperature and cyclone frequency. Nature 

Geoscience, 12(1), Article 1. https://doi.org/10.1038/s41561-018-0279-1 

Slobodian, L., Buelow, C. A., Baker, S. C., Alvarez, S., Wood, K. C., Villarreal-Rosas, J., 

Brown, C. J., Adame, M. F., Amir, A. A., Bukoski, J. J., Bell-James, J., Vela, A. C. V., 

Carrie, R. H., Connolly, R. M., Golebie, E. J., Foster, R. A., Heck, N., Sidik, F., 

Turschwell, M. P., … Andradi-Brown, D. A. (2025). Quantifying the presence and 

potential of national legal frameworks for global mangrove protection. Cell 

Reports Sustainability, 0(0). https://doi.org/10.1016/j.crsus.2025.100430 

Spring, J., & Spring, J. (2024, November 4). Public funding for nature conservation stalls 

at COP16. Reuters. https://www.reuters.com/business/environment/public-

funding-nature-conservation-stalls-cop16-eyes-private-investment-2024-11-03/ 

Page 31 of 33 AUTHOR SUBMITTED MANUSCRIPT - ERL-121080.R4

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60 A

cc
ep

te
d 

M
an

us
cr

ip
t



 
   
 

 
   
 

Sudtongkong, C., & Webb, E. L. (2008). Outcomes of State- vs. Community-Based 

Mangrove Management in Southern Thailand. Ecology and Society, 13(2). 

https://www.jstor.org/stable/26267971 

Ward, R. D., Friess, D. A., Day, R. H., & MacKenzie, R. A. (2016). Impacts of climate 

change on mangrove ecosystems: A region by region overview. Ecosystem 

Health and Sustainability, 2(4), e01211. https://doi.org/10.1002/ehs2.1211 

WCMC. (2025). Key decisions agreed as CBD COP16 concludes in Rome. UNEP-

WCMC. http://production-wordpress.unep-wcmc.org/key-decisions-agreed-as-

cbd-cop16-concludes-in-rome/ 

Winterwerp, J. C., Albers, T., Anthony, E. J., Friess, D. A., Mancheño, A. G., Moseley, K., 

Muhari, A., Naipal, S., Noordermeer, J., Oost, A., Saengsupavanich, C., Tas, S. A. 

J., Tonneijck, F. H., Wilms, T., Van Bijsterveldt, C., Van Eijk, P., Van Lavieren, E., 

& Van Wesenbeeck, B. K. (2020). Managing erosion of mangrove-mud coasts 

with permeable dams – lessons learned. Ecological Engineering, 158, 106078. 

https://doi.org/10.1016/j.ecoleng.2020.106078 

Xie, D., Schwarz, C., Kleinhans, M. G., Zhou, Z., & van Maanen, B. (2022). Implications 

of Coastal Conditions and Sea-Level Rise on Mangrove Vulnerability: A Bio-

Morphodynamic Modeling Study. Journal of Geophysical Research: Earth 

Surface, 127(3), e2021JF006301. https://doi.org/10.1029/2021JF006301 

Xu, J., Wang, J., & State Environmental Protection Key Laboratory of Regional Eco-

process and Function Assessment, Chinese Research Academy of 

Environmental Sciences, Beijing 100012. (2023). Analysis of the main elements 

Page 32 of 33AUTHOR SUBMITTED MANUSCRIPT - ERL-121080.R4

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60 A

cc
ep

te
d 

M
an

us
cr

ip
t



 
   
 

 
   
 

and implications of the Kunming-Montreal Global Biodiversity Framework. 

Biodiversity Science, 31(4), 23020. https://doi.org/10.17520/biods.2023020 

Yusuf, D. N., Prasetyo, L., Kusmana, C., & Machfud, M. (2017). Detection of Mangrove 

Disruption due to Anthropogenic Factor in Protected Area using GIS Model: A 

Case Study in Konawe Selatan, Southeast Sulawesi. International Journal of 

Sciences: Basic and Applied Research. 

https://www.semanticscholar.org/paper/Detection-of-Mangrove-Disruption-

due-to-Factor-in-%3A-Yusuf-

Prasetyo/8be994db61077c02f054673b8bab5ea4eed54911 

Zabala, A., Palomo, I., Múgica, M., & Montes, C. (2024). Challenges beyond reaching a 

30% of area protection. Npj Biodiversity, 3(1), 1–7. 

https://doi.org/10.1038/s44185-024-00041-x 

 

 

Page 33 of 33 AUTHOR SUBMITTED MANUSCRIPT - ERL-121080.R4

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60 A

cc
ep

te
d 

M
an

us
cr

ip
t


