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Abstract
A study was conducted by using 5m × 5m sized 179 quadrates following multistage random sampling
method for comparative regenerating tree species, quantitative structure, diversity, similarity and climate
resilience in the degraded natural forests and plantations of Cox's Bazar North and South Forest Divisions. A
total of 70 regenerating tree species were recorded representing maximum (47 species) from degraded natural
forests followed by 43 species from 0.5 year 39 species from 1.5 year and 29 species from 2.5 year old
plantations. Quantitative structure relating to ecological dominance indicated dominance of Acacia
auriculiformis, Grewia nervosa and Lithocarpus elegans seedlings in the plantations whereas seedlings of
Aporosa wallichii, Suregada multiflora and Grewia nervosa in degraded natural forests. The degraded natural
forests possess higher natural regeneration potential as showed by different diversity indices. The dominancebased cluster analysis showed 2 major cluster of species under one of which multiple sub-clusters of species
exists. Poor plant diversity and presence of regenerating exotic species in the plantations indicated poor
climate resilience of forest ecosystem in terms of natural regeneration.

Introduction
Global climate change scenarios strongly alarmed that the low-lying areas of Bangladesh are
likely to go under water (McCarthy et al. 2001). Moreover, climate changes impart severe impacts
on the forest ecosystem, species distribution, diversity, re-vegetation potentiality of forest
ecosystems and plantations etc. (Wang et al. 2015). Bangladesh, being a transition part of the
Indo-Myanmar biodiversity hot spot, harbored rich biological diversity (Hossain 2001, Nishat
et al. 2002). The South-Eastern region of Bangladesh covers the significant part of hill forests
representing features of tropical evergreen and semi-evergreen forests. The natural forests of the
region are one of the species-rich and productive government managed reserve forests, but these
are becoming degraded through illegal logging, forest fire, shifting cultivation, human settlement,
agriculture and horticulture expansion in the valleys, clear felling followed by commercial
plantation with short rotation exotic species etc. (Ahmed 2008).
Information on natural regeneration is required for sustainable forest management in terms of
both economic and environmental considerations (Verma et al. 1999). The plantation preparation
and maintenance activities, i.e. clear felling accelerates loss of seedlings and saplings as well as
disturbs the natural condition of the forests and hence the ecosystem (Haque and Alam 1988).
Patterns of natural regeneration and recruitment also answer the basic question about forest
management (Hossain et al. 1999). Uncontrolled browsing, regular weeding has limiting effects
on recruitment of natural regeneration (Chapman et al. 2002). Some sporadic research on
regeneration composition and potential was conducted in different forests of Bangladesh by
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different researchers, i.e. Hossain et al. (2004) reported 64 species in natural forests and 40 species
in plantations of Chittagong South Forest Division, Alamgir and Al-Amin (2007) reported 39
species in Banskhali Eco-Park. Similarly, Hossain et al. (2013) reported 120 regenerating species
from Dudhpukuria-Dhopachari Wildlife Sanctuary; Hossain and Hossain (2014) reported 105
regenerating species from Chunati Wildlife Sanctuary. Previously researchers showed that
deforestation, degradation, plantation management systems deeply influence regeneration
(Kadavul and Parthasarathy 1999, Islam et al. 2001). But there is great dearth of information about
the regeneration composition in both degraded forests and plantations of Cox’s Bazar forest region
of Bangladesh as well as the regenerating species diversity, distribution and influences of repeated
weeding on regeneration in the plantations and climate resilience by the regenerating species. To
fill up these information gap, the present study was undertaken to record both native and exotic
regenerating tree species under different management condition, assess influence of plantations
and maintenance activities at different ages on quantitative structure and diversity of regenerating
tree species. The study is expected to contribute to both scientific community and policy makers
regarding to understand the role of natural regeneration in building climate resilience.
Materials and Methods
The study area comprises degraded hill forests of Cox’s Bazar, the south-eastern district of
Bangladesh. Administratively the area falls under Cox’s Bazar South and Cox’s Bazar North
Forest Division. Small to medium hills of up to 400 m altitude constituted the land form of Cox’s
Bazar. The average rainfall is 4,285 mm which varies seasonally with maximum (93% of the mean
annual rainfall 3670 mm) from May to October (Khatun et al. 2016). The annual average
temperature is 32.8°C with a minimum of 16.1°C. Soil of the study areas were mostly brown
sandy loams to clay loams, slightly to strongly acid, sometimes shallow over sandstone bedrocks
on very steep high hills (BBS 2012). Bangladesh Forest Department (BFD) conducted plantations
of both exotic and indigenous tree species in three subsequent years starting from 2013under
Climate Resilient Participatory Afforestation and Reforestation Project (CRPARP). A total of
4,671 ha block plantations were established by BFD in deforested or degraded natural forest areas
of Cox’s Bazar North Forest Division and Cox’s Bazar South Forest Division (Eusuf and
Associates 2016). Plantations composed of 68% indigenous and 32% exotic species and were
maintained through regular weeding activities including 3 weeding in 1st year, 2 weeding in 2nd
year and 1 weeding in 3rd year.
Multistage sampling method was followed for selecting the plantations to conduct the study.
Two forest Ranges with CRPARP plantations were selected from each of the two Forest Divisions
of Cox’s Bazar district. From each Forest Ranges two beats were selected for the survey. The
regeneration study was conducted in 4 categories of sites having, (i) degraded natural forest or
bushes that were used for reforestation, (ii) 0.5 years old plantation sites, (iii) 1.5 years old
plantations, and (iv) 2.5 years old plantation.
Data was collected from the month of April - December 2016. A total of 179 quadrates of 5 m
× 5 m size (determined by species-area curve following Mueller-Dombois and Ellenberg, (1974))
including 52 from 0.5 year, 37 from 1.5 year and 23 from 2.5 year old plantations, and 67 from
degraded natural forests following stratified random sampling method. Seedlings less than 1.5 m
height were considered as regeneration and recorded. Regeneration data were analyzed in MS
Excel to get diversity indices, similarity index and importance value index following Simpson
(1949), Shannon and Wienner (1963), Margalef (1958), Pielou (1966), Magurran (2004) and
Shukla and Chandal (2000). Hierarchical cluster analysis was done using R programming software
to identify the groups of species having similar abundance and dominance characteristics.
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Results and Discussion
The findings revealed a total of 70 regenerating tree species belonging to 55 genera and 29
families in plantations and natural degraded sites (Table 1). The degraded natural forest was
represented by maximum 47 regenerating tree species followed by 0.5 (43 species), 1.5 (39
species) and 2.5 (29 species) years old plantations. Natural regeneration is an important indicator
of forest ecosystem (Rahman et al. 2011). Profuse coppicing ability, as seen during the data
collection, of the regenerating tree species resulted in the similar species richness in degraded
natural forest and 0.5 yr plantation. However, the regenerating species in the degraded forests and
plantations were higher than Rahman et al. (2011) who reported 55 regenerating tree species from
two sites of the northeastern region of Bangladesh which include forest, road side and fallow
lands. Rahman et al. (2011) also recorded 43 regenerating species from Khadimnagar National
Park which is almost comparable to the regenerating species richness of the degraded natural
forest and 0.5-year-old plantations of present study site. On the other hand, 31 species reported
from Tila-gor Eco-Park (Rahman et al. 2011) is comparable to that of 2.5 years old plantations.
The regenerating species composition of present study is quite lower than that of the Dudhpukuria
wildlife sanctuary (120 species) and Chunati Wildlife Sanctuary (105 species) (Hossain et al.
2013, Hossain and Hossain 2014). Natural regeneration potentiality of the plantations at early
stage (0.5 year to 1.5 years) and degraded natural forest sites is seemed higher than that of the
Tankawati Reserve Forest (29 species) as reported by Motaleb and Hossain (2007). It may be
noted that, if protection was extended instead of repeated complete weeding activities there might
not be any reduction of tree diversity in the subsequent stages of plantation establishment.
Relative density in 0.5 year, 1.5 year and 2.5-year-old plantations were dominated by
G. nervosa (12.5%), S. firmum (10.6%) and L. elegans (22.8%), respectively whereas in the
degraded natural forests A. wallichii (14.1%) occupied maximum relative density. L. elegans
occupied maximum relative frequency in both 0.5 (11.7%) and 2.5 (17.6%) year old plantations
while S. firmum (11%) was dominant in 1.5 years old plantation. However, relative frequency of
A. wallichii (12.4%) topped in degraded sites. Relative abundance of Bridelia tomentosa was
found maximum (5.3%) in 0.5-year-old plantations whereas A. mangium (7.4%) and C.
macrophylla (10.3%) occupied maximum relative abundance in 1.5- and 2.5-years old plantations,
respectively. In the degraded natural forests, S. multiflora was mostly abundant species (10.7%)
followed by M. roxburghianus (8%) (Table 1). Importance value index of the recorded species
from plantations indicate that G. nervosa (26%), S. firmum (23.9%) and L. elegans (45.7%) were
dominant in 0.5, 1.5 and 2.5-year-old plantations, respectively (Table 1).
The 4 important diversity indices i.e. Shannon-Wiener diversity index, Simpson’s dominance
index, Margalef’s Richness and Pielou’s Evenness index indicate poor regenerating plant diversity
in all the study sites though ANOVA and DMRT indicated significantly higher Shannon-Wiener
diversity index in degraded natural forests in comparison to plantations. But Species Evenness
Index was significantly higher in 2.5 years old plantations than that of other study sites (Table 2).
The diversity indices indicate that species diversity is significantly higher in degraded natural
forest than in the plantations. Though, species richness is higher in degraded natural forests, as
indicated by Margalef’s richness index, it is not significantly different than other. Rahman et al.
(2011) reported much higher diversity indices for regeneration in two protected areas of
Northeastern Bangladesh (Shannon-Wiener index 3.62, richness index 4.92, evenness index 2.26,
dominance index 0.03).
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Table 2. Important ecological indices indicating regenerating tree species diversity in four sites.
Study site

Shannon-Wiener
diversity index

0.5-year-old plantation
1.5-year-old plantations
2.5-year-old plantation
Degraded natural forest

1.1904 ± 0.059b
1.1794 ± 0.072b
1.1541 ± 0.113b
1.2739 ± 0.087a

Simpson’s
dominance index

Margalef’s
richness index

Species evenness
index

0.3639± 0.025b
0.3299 ± 0.023b
0.3796 ± 0.049b
0.2165 ± 0.043a

1.1721 ± 0.136a
1.2772 ± 0.098 a
1.1529 ± 0.135a
1.3430 ± 0.112a

0.8425 ± 0.033a
0.8716 ± 0.033ab
0.9531 ± 0.008b
0.8764 ± 0.021ab

*Values with same letter column indicate no significant difference at p ≤ 0.05.

Degraded natural forest

0.5 yr plantation

1.5 yr plantation

2.5 yr plantation

Fig.1. Abundance of the exotic and native tree species in different studied sites.

Climate resilience of the forest ecosystems is likely to be enhanced through increasing plant
diversity and abundance of native species in comparison to exotic plant species. Regenerating
species diversity was higher in the degraded natural forests but gradually reduced later on in the
plantations as found in the study. The study revealed that, A. auriculiformis, A. mangium, E.
camaldulensis and T. grandis are the four-exotic species recorded in the study sites (Fig. 1). Key
informant interview of local stakeholders indicated seed broadcasting by BFD to cover the vacant
spaces as well as dispersal by different agents from adjacent exotic species plantations resulted in
exotics in natural forest sites. However, the relative abundance of the species varied from 0.2 to
7.4 being higher in the plantations. Therefore, it can be said that for better climate resilience
through regeneration process, more control should be put over exotics under the present forest
management systems.
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In Cox’s Bazar region, Islam et al. (2001) investigated the deforestation effects on vegetative
propagation, regeneration and soil quality, where it was indicated more plant species in the
protected forest areas than that of the degraded forests. The species composition in plantations as
indicated by the present study is in conformity with the findings of Chauhan et al. (2008) who
compared species diversity of natural and planted tropical deciduous forests in western Uttar
Pradesh. The present research showed that the plantation maintenance activity particularly the
repeated weeding at the initial stage of plantation establishment caused reduction of species
diversity. It can be inferred from the results that protection of the degraded natural forests from
anthropogenic disturbance instead of plantations might be a more effective tool for biodiversity
conservation and enhancing climate resilience of forest ecosystems.
Deforestation and subsequent degradation of natural forest is a major threat for sustainable
management and increasing climate resilience of forest ecosystems in Bangladesh. Plantations
with sound maintenance activities are prime means for rapid restoration of the degraded forests.
On the other hand, natural regeneration and recruitment in disturbed or degraded forests under
regular protection that governed by residual seed sources and dispersal characters are primarily
soil driven process for maintaining ecological stability and achieving climate resilience. Though
deforested and degraded, the natural forests of Cox’s Bazar North and South Forest Divisions
possessed substantial residual regeneration and soil seed sources that have potential for forest
ecosystem restoration. The plantations studied in this research made immediate coverage of the
barren or degraded sites but regular weeding activities reduced the diversity of natural
regeneration and recruitment. The plants with coppicing ability were able to revegetate naturally
under plantations. The diversity of naturally regenerating plants within plantations undergoes
more gradual reduction with age of plantations. Certain plants either with profuse coppicing
ability or aggressive in nature or capable to grow under all sorts of difficulties, i.e. Acacia
auriculiformis, G. nervosa, Lithocarpus sp., Aporosa wallichii etc. become dominant in the
comparatively older plantations. Native plants that are supposed to be more climate resilient
species over exotics dominate the natural regeneration in both degraded natural forests and
plantations though several exotic plants were also found regenerating in all the sties. Protection of
the degraded natural forests to help recruitment of the regenerations might be effective for
achieving more native plant diversity and thus climate resilience. From the present study it can
also be recommended that change of existing plantation maintenance strategy from complete
weeding to patch weeding would protect the regenerations to turn that into a dense and diverse
forest. Based on the results, it is also proposed to keep the natural forests as it is under protection
from anthropogenic disturbance instead of plantations.
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