Rapid recovery of tree diversity over forest structure in post-kaingin
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Summary
The Philippines is one of the few countries that is, entirety, both a biodiversity hotspot and a mega-diversity country, placing it amongst the top priority hotspots for global conservation. Kaingin – the
local term for shifting cultivation, is a widespread land-use in forest-agriculture frontiers in upland areas of the country, and regarded as one of the key drivers of deforestation and forest degradation.
Whilst kaingin is not yet a recognised land-use, it is still the mainstay of livelihoods to millions of upland rural farmers in the Philippines. We investigated the conservation value of post-kaingin secondary
forests in an upland area of Philippines along a fallow gradient. Fallow areas that have been abandoned for less than 5 years, 6-10 years, 11-20 years and 21-30 years were identified and inventoried
following a modified Gentry plot approach. Tree diversity, species composition and forest structure parameters were measured, and recovery rate of diversity and forest structure parameters were
compared with that of undisturbed forests. Altogether, 2918 tree individuals were measured from 100 transects of 250m2 size. 131 tree species belonging to 86 genera and 46 families were identified,
with 10 species being listed as critically endangered globally. Species richness was significantly (p<0.00) high in 21-30 years old fallow sites (45.80±5.93), whilst Shannon’s diversity index (3.37±0.1),
species evenness (0.88±0.02), stem number (145.80±16.53), basal area (7.81 m2±2.23) and leaf area index (6.08±0.95) were highest in undisturbed secondary forests followed by in sites under 21-30
years old fallow category. Recovery of tree diversity and forest structure was highest in fallow areas that have been abandoned for 21-30 years after being subject to kaingin. Our study confirms that
regenerating secondary forests following kaingin holds greater conservation value as compared to the undisturbed forests, and can be considered as a cost-effective restoration approach in Philippines
and in other tropical countries where this traditional land-use is persistent. Incorporating this land-use in the REDD+ rewarding mechanism with greater understanding of fallow dynamics could be
beneficial both for local livelihoods and for the environment.
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Background
Deforestation and forest degradation are amongst the major threats to biodiversity in Southeast Asia, where deforestation rates are highest (Achard et al. 2002). About half of the deforestation, in this region, is the consequence of agricultural
expansion, particularly in the form of shifting cultivation (Geist and Lambin 2001). Shifting cultivation has also been seen as a major agents of deforestation and forest degradation in this region (Ziegler et al. 2011). A s a consequence, regenerating
secondary forests following shifting cultivation are becoming prominent in many parts of Southeast Asia (Chokkalingam and Perera 2001).
Philippines archipelago – being one of the global biodiversity hotspots with high species endemism maintains about 5% of the world’s plant diversity (Sodhi et al. 2004; Myers et al. 2000). Forests cover has declined from 50% in 1950 to 24% in 2004
in the country, with majority of the remaining forests being severely degraded by logging and shifting cultivation (Chokkalingam et al. 2006). Kaingin– the local name for shifting cultivation - is a common and controversial land-use practiced by smallholder rural farmers in upland areas , and yet discouraged in most forest related land-use policies in the country (Saurez and Sajise 2010; Lasco et al. 2001). Kaingin land-use has widely been blamed for deforestation and forest degradation in the
country and after post-logging secondary forests post-kaingin secondary forests forms the second largest group of secondary forests in the Philippines (Lasco et al. 2010; Kummer 1992). The aim of this study was to explore the conservation value of
kaingin fallow secondary forests in the upland Philippines to aid country's ongoing major reforestation program and to better manage the remaining forests of the country.

Figures (from the left)
i. A newly opened kaingin site;
ii. An around ~20 years old
kaingin fallow site;
iii. An around ~30 years old
kaingin fallow site;
iv. An undisturbed secondary
forest in the area

Methods
Field surveys were undertaken in Leyte island, Philippines (124017/-125018/ N and 9055/-11048/ E) during May-October 2013 through a series of intensive field inventories. The
island enjoys relatively even distribution of rainfall throughout the year with an annual rainfall about 4,000 mm and mean annual temperature of 280C (Nguyen et al. 2012).
The soil is Andisol with markedly higher concentration of soil organic carbon (Navarrete et al. 2013). All survey data were analyzed using standard procedures and methods.
i. Sampling protocol and vegetation survey: A total of 25 sites in fallow areas of different categories and in secondary forests were established. We categorized the sites
into four different fallow categories; i.e. 0-5 year’s old fallow, 6-10 years old fallow, 11-20 years old fallow, and 21-30 years old fallow. Additionally, secondary forests without
prior history of kaingin were investigated for the comparisons. Four transects of 50m x 5m size were established at each site. We recorded diameter of each tree equals or
greater than 5 cm at DBH. Species were identified with the help of local field assistants.

Figures
i. Philippines biodiversity
hotspot (left);
ii. Leyte island and study site
in the Philippines (bottom);
iii. Moments from the field
(right)

ii. Biodiversity and forest structure indices: Species richness was expressed as the number of unique tree species per site (S). Shannon-Wiener’s diversity index (H) and
Species Evenness Index (J) was used as a measure of tree diversity at site level, and was calculated as described in Magurran (2004). We used stem number, basal area (B) (in
m2) and leaf area index (LAI) to describe the stand structure of the corresponding sites.
iii. Species composition and recovery of diversity and forest structure parameters: We used non-metric multi-dimensional scaling (NMDS) using Bray-Curtis method to check
the similarity of species (in terms of species richness and abundance) in different site categories. Recovery rate of biodiversity and forest structure parameters were calculated
using the equations described in Martin et al. (2014) and Echevrria et al. (2007).

Results
Tree species :
Altogether 2918 tree individuals belonging to 131 species, 86 genera and 46
families (except for unidentified species) were recorded. Among the species
27 were endemic to the Philippines with 10 species being listed as critically
endangered globally by World Conservation Union (IUCN).
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Species diversity:

Forest structure:

One way ANOVA revealed a significant
differences in tree species richness
(p<0.01), Shannon’s index (p<0.01) and
species evenness index (p<0.05). Posthoc analyses using Tukey’s HSD revealed
that species richness is significantly high
(p<0.01) in 21-30 years old fallow sites,
followed by in undisturbed secondary
forests (45.2 ±4.21) and in 11-20 year old
fallow sites (39.2 ±9.52). species
evenness index (0.88±0.02) was however
significantly (p<0.00) high in the
undisturbed secondary forests.

Stem number (p<0.01), basal area (p<0.01)
and LAI (p<0.01) across the sites of
different categories were significantly
different as revealed by one way ANOVA.
Tukey’s post-hic analysis, revealed
significantly high number of stems (145.8
±16.53), basal area (7.81±2.23), and LAI
(p<0.00) in undisturbed secondary forests
as compared to others.

Figure 2.
Within and between variations in sites’
diversity indices

Figure 3.
Within and between variations in stand
structure indices
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Figure 1. Distribution of species in different site categories

Discussion
Species composition:

Recovery of species diversity:

Forest structure recovery:

Species compositional similarities using non-metric multi dimensional
scaling (NMDS) shows high aggregation and similarities (stress = 12.16 for
species richness and 13.61 for species abundance) of species in different
site categories except in the young fallow areas (0-5 years).

Recovery of species diversity was different when considering different
parameters. Recovery of species richness was highest in the 21-30 years old
fallow sites while Shannon’s diversity index recovered more rapidly in 11-20
years old fallow sites.

Recovery of forest structure parameters both in terms of stem density and
basal area was highest in sites of 21-30 years old fallow category. In young
kaingin fallow areas recovery of both parameters were considerably low.

Figure 4.
NMDS of species
richness and
abundance using
Bray-Curtis
method
Figure 5. Recovery of diversity parameters in relation to secondary forest across the sites
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Figure 6. Recovery of forest structure in relation to secondary forests across the sites
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