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Abstract Biodiversity conservation is one of the
important ecosystem services that has been negatively
impacted by anthropogenic activities. Natural forests
(NF) harbor some of the highest species diversity
around the world. However, deforestation and degra-
dation have resulted in reduced forest land cover and
loss of diversity. Homegarden agroforestry (AF)
systems have been proven to be an intermediary for
biodiversity conservation. In this study, we evaluate
the effectiveness of home garden AF practices to
conserve tree species diversity in Bangladesh and
compare them with tree species diversity in NF. A
total of nine locations were selected for this synthesis
from published literature which comprised of five AF
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sites and four NFs. Shannon—Weiner Diversity Index
(H) was similar for home-garden AF (3.50) and NF
(2.99), with no statistical difference between them.
Based on non-metric multi-dimensional scaling
(NMDS) ordination analysis, the AF and NF plots
showed distinct separation. However, Bray—Curtis
dissimilarity index ranged from 0.95 to 0.70 indicating
nearly no overlap in species composition to significant
overlap between AF and NF. Based on our results, we
conclude that AF can serve as an important ecological
tool in conserving tree species diversity, particularly
on landscapes where NF fragments represent only a
small fraction of the total land area. Creating and
maintaining AF habitats in such human dominated
landscapes should be part of the biodiversity conser-
vation strategy.
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Introduction

It is well established that biodiversity conservation
and the maintenance of associated ecosystem services
are vital for human well-being (Beaumont et al. 2011).
However, over 75 % of Earth’s terrestrial biomes have
shown alteration as a result of anthropogenic activi-
ties. Species diversity is one of the most intuitive and
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widely adopted measures of biodiversity at both
ecological and biogeographic scales. Species diversity
is often defined as a combination of richness and
evenness (Chiarucci et al. 2011). Tropical forests play
an indispensable role in biophysical equilibrium at
regional and global levels, in particular, by regulating
water, carbon and nitrogen cycles while maintaining
species diversity.

Habitat degradation, fragmentation, and overex-
ploitation have contributed to the loss of biodiversity
around the world. The impact of these changes on
biological systems are manifested as shifts in phenol-
ogy, interactions, species distributions, morphology
and net primary productivity (Gardner et al. 2009;
Beaumont et al. 2011). Several biodiversity hotspots
in south-east Asia are endangered as a result of
deforestation, habitat destruction, overexploitation,
pollution, and climate change. The impact has been
drastic particularly in the species rich moist tropical
forest vegetation of Bangladesh (Appanah and Ratnam
1992). There has been a lack of concern about
ecosystem restoration compounded with primitive
and ineffective forest practices and on-going defores-
tation (Muzaffar et al. 2011). The ability of many tree-
covered, but intensively used landscapes to support
native species suggests that maintaining and creating
habitats in human dominated landscapes can help to
conserve a large proportion of biodiversity (Acharya
2006; Bhagwat et al. 2008).

Agroforestry has received widespread attention in
tropical and temperate regions of the world for
providing ecosystem services such as carbon seques-
tration, biodiversity conservation, soil quality, and
preserving air and water quality (Thevathasan and
Gordon 2004; Jose 2009). Especially in tropical
landscapes, more than 90 % of biodiversity resources
are found in human dominated landscapes (Garrity
2004). Agroforestry practices can be a potentially
valuable conservation tool that can be useful for
reducing land-use pressure while enhancing rural
livelihoods (Garrity 2004; Maroyi 2009).

Agroforestry has been shown to preserve rich
species diversity around the world (Mendez et al.
2001; Hemp 2006; Borkhataria 2012). The role of
agroforestry (AF) systems in maintaining species
diversity can play an important role in biodiversity
conservation in human-dominated landscapes (Anand
et al. 2010). Considering the fact that ecosystems and
species are disappearing at an alarming rate, the role of
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AF as a conservation tool needs to be exploited further
(Bengtsson et al. 2000; Alavalapati et al. 2004; Jose
2009; 2011). The multifunctional role of AF has been
highlighted by the Millennium Ecosystem Assessment
(MEA 2005) and the International Assessment of
Agricultural Science and Technology and Develop-
ment (IAASTD 2008). In a country like Bangladesh
where less than 6 % forest land cover exists, it is
critical to examine the role of AF for conserving
species diversity. In this study, we compared two
different habitats, homegarden AF and natural forests
(NF), to test the hypothesis that AF can conserve tree
species diversity and serve as biodiversity havens on a
landscape where NF have declined and the remaining
fragments are degraded.

Materials and methods

We selected nine published studies from Bangladesh
that provided original species data from AF and NF.
The selected study sites were located in north-eastern
and south-eastern Bangladesh (Table 1), with two sites
in Sylhet, five sites in Chittagong, and one each in
Thakurgaon and Gazipur. One site each for AF and NF
was located in Sylhet. Three NF and two AF sites were
located in Chittagong while the last two AF sites were
located in Gazipur and Thakurgaon. The soils across
the study area ranged from clay loam to sandy loam,
depending on the topography and other geographical
location. A tropical to sub-tropical climate dominates
the study area with long dry season and moderately
cool winter and mean annual precipitation varying
from 1,800 to up to 3,800 mm. In most studies, AF sites

Table 1 List of study sites included in the meta-analysis of
tree species diversity in homegarden AF and NF from
Bangladesh

Land use Location References

AF1 Chitagong ~ Alam and Masum (2005)

AF2 Chittagong  Momen et al. (2006)

AF3 Gazipur Ahmed and Rahman (2004)

AF4 Sylhet Motiur et al. (2005)

AF5 Thakurgaon Zaman et al. (2010)

NF1 Chittagong  Ullah and Al-Amin (2008)

NF2 Chittagong ~ Alamgir and Al-Amin (2008)

NF3 Sylhet Saha and Azam (2004)

NF4 Chittagong ~ Madecor (1997) (Unpublished data)
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were divided into three size classes (small, medium,
and large) with total area ranging from less than 500 to
more than 2,500 m>. In all the studies, data was
collected either through direct recording or through
interviews with rural household members. Forest
inventory data was collected following standard pro-
cedures. Trees with less than 20 cm diameter at breast
height (DBH) were not included as part of the dataset.

We calculated species richness or number of unique
species  (S), Shanon—Weiner diversity index
(H) (Krebs 1985), and Bray—Curtis dissimilarity index
(Bray and Curtis 1957) using PC-ORD 6.0 (McCune
and Mefford 2011). The equations for the different
indices are as follows:

1. The Shanon—Weiner diversity index,

H= - Ziszlp,» Inp;

where H = Index of species diversity, Pi = Propor-
tion of the ith species, S = Total number of species.
2. Bray—Curtis dissimilarity index.

2Cij
Si + Sj

BC;=

where C;; = the sum of the lesser value of only those
species in common between both sites, S; and S; = the
total number of specimens counted at both sites.

After evaluating the dataset, we decided to use only
the tree species data for this study because of
comprehensiveness. Shrubs and herbs were not
included in our analysis as detailed information was
not available for all sites. PC-ORD 6 software
(McCune B, Mefford MJ: PC-ORD for Windows:
multivariate analysis of ecological data, 6 ed, MjM
Software, Gleneden Beach, Oregon, 2011) was used
for all multivariate statistical analyses of the species
diversity. The non-metric multidimensional scaling
(NMDS) ordination method calculated on the basis of
Sgrensen’s distance. NMS was run with two ordina-
tion axes, 250 iterations, stability criterion of 0.0001,
and 50 runs with the real data.

Results and discussion

A total of 126 tree species were recorded across the
nine sites that included all AF and NF plots. A total of
91 individual species were observed in all the AF plots

while 61 tree species were observed in the NF plots.
Mango (Mangifera indica), Guava (Psidium guajava),
Jackfruit (Artocarpus heterophyllus), Coconut (Cocos
nucifera), and betel nut (Areca catechu) were the most
common tree species in the AF sites and were
observed at each location. Other common tree species
observed were litchi (Litchi chinensis), tamarind
(Tamarindus indica), date palm (Phoenix sylvestris),
teak (Tectona grandis) and mahogany (Swietenia
mahagoni). In the NF, the commonly observed tree
species were kadam (Anthocephalus chinensis), black
berry (Syzygium cumini), jackfruit (Artocarpus het-
erophyllus), and koroi (Albizia procera). It can be
predicted that homestead owner preference had a large
impact on species richness in AF systems. Preferential
selection of fruit, nuts, and ornamental trees among the
AF sites most likely had a major influence for the
observed richness in these sites. This was empirically
observed by Harvey and Gonza’lez Villalobos (2007)
who found that AF systems maintained avian species
richness but modified assemblage.

The Shannon-Weiner Diversity Index did not
exhibit any significant difference between AF (3.5)
and NF (2.989) (p <0.0725) (Table 2). Natural
forests have been reported to have higher species
diversity as a result of complex interaction among the
biota and minimal anthropogenic disturbances (Hackl
et al. 2004). Intentional inclusion of fruit, nut, and
ornamental trees in AF and the degradation of NF due
to anthropogenic pressure might explain the similar
levels of diversity observed in our analysis (Gibson
et al. 2011). NMS plots provide a best-fit technique to
arrange samples which is interpreted by measuring the
distance between each pair of samples in ordination
space.

The NMDS distribution plot for the nine plots
(Fig. 1) shows that the AF and NF sites clustered
separately along the two principal axes. The two axes
together explained approximately 81 % of the vari-
ability in tree species diversity among the habitats.
Using Bray—Curtis ordination, it was observed that

Table 2 Species richness (number per hectare) and Shannon—
Weiner diversity index for the two habitat types for the meta-
analysis of tree species diversity in Bangladesh

Richness (S) Shannon-Weiner Index (H)

AF 91 3.50
NF 61 2.99
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Fig. 1 Non-metric multidimensional scaling plot for the
different locations (final stress 10.53, instability 0.00001). X
and Y axes explained 52 and 29 % of the total variation
respectively. AF refers to agroforestry systems while NF refers
to natural forests. Numbers associated with AF and NF refers to
individual site locations

there was moderate to high variation between AF and
NF in terms of species diversity (Table 3). While this
dissimilarity was lower between the different AF sites,
it was higher between AF and NF. Within each land
use type however, there was a greater variation among
the AF, most likely due to the variations in location,
climate and topography. Using the different diversity
indices and Bray—Curtis dissimilarity index, it can be
argued that AF systems are equally efficient as NF in
conserving tree species diversity, and such systems
can be used as stepping stones for biodiversity
conservation at the landscape level. It is evident from
these results that AF systems can form an intermediary
biodiversity haven between NF and agriculture.

Although 6 % forest land cover exists in Bangla-
desh, a vast majority belongs to plantation forests and
not to primary forests. Only the mangrove forests in
the Sundarban delta region and moist tropical forests
in the Chittagong Hill Tracts are the remnants of
natural vegetation in the country. Small scale AF
systems like the AF form a diverse and important
tropical land use and provide an array of biophysical
and socioeconomic values while influencing variabil-
ity in biodiversity retention rates across agroforests
(Acharya 2006). It is an appropriate form of land use
system in tropical and subtropical areas where crop-
ping patterns are dependent on the owner’s choice,
farm size, availability of planting material and finan-
cial capacity. AF systems in Bangladesh comprise
approximately 270,000 ha and about 80-82 % of
forest products annually is harvested from these
farming systems. It is critical to create and maintain
species rich homegarden AF systems on such human-
dominated landscape to conserve both floral and
faunal diversity.

The most important attribute of AF is the rich
diversity of herbs, shrubs, vines, trees, and other
perennials (Kumar 2011). While there is debate on
the species-area relationship in AF (Abdoellah et al.
2006; Mendez et al. 2001; Albuquerque et al. 2005),
this study found a slightly positive correlation
between the size of AF and species diversity
(Fig. 2). Previous studies have pointed out that area
did not positively influence biodiversity in AF
practices (Abdoellah et al. 2006). Kabir and Webb
(2009), however, documented that a positive rela-
tionship was observed between size of AF systems

Table 3 Bray—Curtis dissimilarity index across the AF and NF plots in Bangladesh

AF1 AF2 AF3 AF4 AF5 NF1 NF2 NF3 NF4
AF1 0.00 0.61 0.52 0.69 0.67 0.95 0.80 0.89 0.85
AF2 0.00 0.44 0.65 0.58 0.83 0.75 0.83 0.77
AF3 0.00 0.45 0.54 0.86 0.84 0.90 0.70
AF4 0.00 0.66 0.83 0.81 0.86 0.75
AF5 0.00 0.81 0.87 0.86 0.69
NF1 0.00 0.77 0.88 0.75
NF2 0.00 0.83 0.80
NF3 0.00 0.75
NF4 0.00

AF refers to agroforestry systems while NF refers to natural forests. Numbers associated with AF and NF refers to individual site

locations
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Fig. 2 Species—area relationship observed in studies from the
AF sites in this study. A log scale was used for species diversity
data

and plant species diversity. Thus, negative influences
of biodiversity loss could be balanced to a certain
extent through homegarden AF.

Conclusion

Many tropical plant species are threatened due to
reduction in forest area, fragmentation, and degrada-
tion. In order to conserve biodiversity, it is important to
understand the local, regional, socioeconomic patterns
that influence biodiversity at a landscape level. In
Bangladesh, most studies of AF, whether descriptive or
quantitative and experimental, demonstrate that these
systems conserve species diversity. These AF systems
have been producing commodities for centuries in a
resource efficient way and are considered economi-
cally viable and ecologically sustainable. Homegarden
AF practices with less intensive management and high
canopy cover have high species richness and are more
similar to NF than intensively managed agroecosys-
tems with open canopies. Our analysis showed that
homegarden AF systems in Bangladesh could be
critical in conserving tree species diversity. Creating
and maintaining species rich homegarden AF in such
human-dominated landscapes should be part of the
biodiversity conservation strategy.
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