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Peatlands areas are where partially decayed organic materials accumulate over time and where litter deposition exceeds

anaerobic decomposition. These sites are important reservoirs of biodiversity, carbon, and water.
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1. Introduction

Globally, peatlands only cover three percent of the Earth’s land area yet store 2000 Gigatons of CO  , equivalent to 30%

of terrestrial carbon (75% of all carbon in the atmosphere) or twice the carbon stored in the forests . About 8% of the

global peatland areas are found in the tropics . Tropical peatlands are important terrestrial carbon pools storing 40 to 90

Gt C  and account for one-third of the world’s soil C pool . In Southeast Asia, peatlands are primarily found in

Sumatra, the Malay Peninsula, Borneo (Kalimantan, Sarawak, and Brunei), and New Guinea .

Although tropical peatlands are huge carbon reservoirs, they are threatened by climate change and anthropogenic

disturbances . Land-use change and water management in the oil palm production in Malaysia intensify peat

degradation affecting CO  fluxes from peatlands . Human activities such as dam construction across drainage

canals in Indonesia increased the decomposition rate of the peat and CO  emission . Degraded drained peatlands

store globally ~80.8 Gt soil C and release ~1.91 Gt CO -eq yr  . Other anthropogenic disturbances such as land

cultivation, human settlement, forest harvesting, forest fires, and drainage have negatively impacted peatland ecosystems

 and consequently contribute to global warming .

Peatland disturbance negatively impacts the ecosystem, altering the surface drainage and reducing site productivity .

Soil organic matter vulnerability to decomposition increased with an increasing level of disturbance and a decreasing soil

organic content (SOC), indicating positive feedback mechanisms . Land-use change, drainage, and agricultural

cultivation alter the peatlands’ hydrological and biogeochemical processes, e.g., by enhancing mineralization of the soil

organic matter (SOM) , turning peatlands into hotspots of greenhouse gas (GHG) emissions from soils .

The Philippines have 10,700 hectares of peatland area out of the 29 million hectares of peatland existing in Southeast

Asia . However, the identification of more peatland sites in the country is ongoing. Like most Southeast Asian peatland

sites, the Philippine peatland forests were also disturbed due to the growing population and increasing demand for forest

products and services.

Ironically, in much literature for Asian peatland assessments , the Philippine peatlands are seldom included in many

synthesis studies. Therefore, it is imperative and urgent to publish recent reports on Philippine peatland assessments so

that the unique features and estimates can be incorporated in regional peatland studies and contribute to the growing

demand for peatland literature in Southeast Asia. Improved knowledge and understanding of the tropical peatland,

including the Philippines, is crucial given the rapid exploitation across the tropics, especially in Southeast Asia, the home

of vast peatland sites.

One of the heavily disturbed peatland sites in the Philippines is the Bambanin peatland in Mindoro Oriental, located in the

western part of the archipelago. This site is mainly affected by agriculture, forest harvesting, and human settlement. In

contrast, one relatively undisturbed peatland in the country is the Caimpugan peat area in Agusan Marsh, northeastern

Mindanao. However, expanding land conversion for agriculture and ecotourism has threatened this peatland site.

2. The Undisturbed Site

The undisturbed peatland site is located in New Visayas within the Caimpugan peatland in San Francisco, Agusan del

Sur, Philippines (Figure 1). This peatland is part of the Agusan Marsh Wildlife Sanctuary, covering an area of 5630 ha. A
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tall forest can be observed 1.2 km from the river, and the substrate was confirmed to be peat . This tall peat swamp

forest is characterized by stilted rooted species predominantly of Tristanopsis . The forest was open enough to allow a

relatively thick growth of Pandanus sp. of up to 3 m high and the climbing fern Stenochlaena palustris. The canopy height

was 25–30 m . Peat dome, developed between Hobong and Agusan Rivers, was observed in Caimpugan peatland .

The typical peat dome in Caimpugan peatland is a product of terrestrialization, where the forest is mostly intact . This

peatland has constantly been subjected to flooding by the river, and the input of water is relatively high in nutrients.

Flooding by flowing water in the areas close to the river may have reduced the build-up of peat. A small portion of mineral

soils on the western side of the Hibong River have been mostly cleared for rice production. Before site clearing for rice

culture, the area was a freshwater swamp forest. Adjacent to the river and rice paddies were isolated patches of swampy

areas characterized by Terminalia copelandii .

Figure 1. Location map of studied undisturbed and disturbed peatland sites in the Philippines.

Major issues at the Caimpugan peatland site include gradual land conversion for agriculture (ricefields and cash crops);

the establishment of oil palm plantations along the periphery of the peatland within the alienable and disposable (A & D)

lands; wildlife hunting (deer, birds, wild boar, monkey), and timber poaching .

The average temperature in this undisturbed peatland site is 27.84 °C, and the annual rainfall of 4600 mm . Three

levels of soil decomposition were reported at this site. These include fibric (early stage of decomposition), hemic

(moderate/intermediate decomposition), and sapric (most advanced decomposition). These decomposition levels were

based on the US Department of Agriculture .

3. The Aboveground Biomass at the Sites

The average aboveground biomass at the undisturbed site was 35.8 ± 30.0 Mg ha  (Figure 2). However, the variability

was very high at the undisturbed site as the biomass ranged from 0.1 Mg ha  to 82.0 Mg ha .
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Figure 2. Average aboveground biomass at the disturbed and undisturbed peatland sites. In the boxplots, the thick

horizontal line shows the median; the box extends to the upper and lower quartiles, and the thin vertical line outside the

box indicates the nominal range.

On the other hand, the average aboveground biomass at the disturbed site was 2.0 ± 1.9 Mg ha  (Figure 2), which

varied from 0.2 Mg ha  to 4.6 Mg ha .

4. The Aboveground Biomass per Species

The disparity between the species with the highest biomass and the rest in either undisturbed or disturbed peatland sites

was huge. For example, the species with the highest biomass at the undisturbed site was Tristaniopis decorticata (Merr.)

Peter, with an aboveground biomass of 80.8 Mg ha , yet, the species with the second-highest aboveground biomass had

only 39.4 Mg ha . Whereas, the remainder of the species had 1.7 to 32.7 Mg ha  (Figure 3).

Figure 3. The aboveground biomass of important tree species at the undisturbed (left panel) and disturbed (right panel)
peatland sites. The horizontal line indicates ± standard deviation.

Similarly, the highest aboveground biomass at the disturbed site was Nauclea orientalis (L.) L. (9.67 Mg ha ), while the

species with the second-highest aboveground biomass only had 1.34 Mg ha , and the rest had below 1.0 Mg ha

(Figure 3).

5. The Aboveground Carbon Content

The aboveground C content at the undisturbed site ranged from 1.29 Mg C ha  to 37.2 Mg C ha  (Figure 4a). The

contour plot showed that plots 1 and 6 were within the upper range of the aboveground C stock estimates (21.1 Mg C

ha –32.7 Mg C ha ) characterized by tall pole forest. Plots 2 and 5 had an aboveground C stock from 17.8 Mg C ha –

19.3 Mg C ha , classified into an intermediate forest. The aboveground C at plots 3 and 4 were surprisingly low

compared with other plots (0.06 Mg C ha –1.29 Mg C ha ). These plots (3 and 4) were characterized by smaller tree

structures akin to a pygmy forest and possibly were located in the peat dome. Differences in aboveground C in the study

plots indicate the topographic and hydrologic variability within the peatland site.
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Figure 4. Map of the variations in aboveground C content as a function of site coordinates in (a) undisturbed peatland site

in Caimpugan, Agusan del Sur and (b) disturbed peatland site in Bambanin, Mindoro Oriental, all in the Philippines. Yellow

circles represent sampling plots in both undisturbed and disturbed plots. Values within each circle are the average

aboveground C in each plot.

At the disturbed site, the aboveground C content ranged from 0.1 Mg C ha  to 2.1 Mg C ha  (Figure 4b), and the

variability among plots was relatively low.

6. Soil Carbon Content

The overall average soil C content at the undisturbed site was 750 ± 710 Mg ha . As the soil profile gets deeper, the soil

C content becomes higher. This trend was evident in their undisturbed site, where an increasing soil C stock was

observed from 217 ± 65 Mg ha  at a soil depth of 0–15 cm to 2181 ± 908 Mg ha  at 50–100 cm depth (p < 0.05; Figure
5).

Figure 5. Average soil carbon content per soil depth classes at the disturbed and undisturbed peatland sites. Vertical lines

depict ± standard deviation.

At the disturbed site, the overall average soil C content at all depth levels was 595 ± 406 Mg ha . At 0–15 cm soil depth,

the average soil C content was 149 ± 104 Mg ha , increasing the soil C stock up to 1092 ± 165 Mg ha  at a soil depth of

50–100 cm (p < 0.05; Figure 5).
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7. Soil Carbon Fluxes

At the undisturbed site, the soil carbon emission was 3.6 ± 3.0 g C m  d . The soil emission rate at the disturbed site

was 11.2 ± 6.4 g C m d  (Figure 6). Suppose researchers set aside all aspects of differences from both sites and

consider them comparable; the soil carbon emission from the undisturbed site was only one-third of the emission rate at

the disturbed site. However, direct comparisons need to consider the considerable differences in site condition, climate,

and vegetation.

Figure 6. Average soil carbon fluxes at the disturbed and undisturbed peatland sites. In the boxplots, the thick horizontal

line shows the median; the box extends to the upper and lower quartiles, and the thin vertical line outside the box

indicates the nominal range.
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