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ABSTRACT: Many regrowth forests have occurred in abandoned farmlands all over the world. The regrowth forests of 20—60 years
old on abandoned farmlands and old-growth forests in a subtropical forest of Eastern Bhutan Himalaya are studied and their floristic
and structural compositions are compared. A total of 64 and 43 plots were sampled in regrowth forests and old-growth forests
respectively based on stratified random sampling method. Species richness of woody plants and predominant ground covers in
regrowth forests is lower than old-growth forests though few of them show higher species richness in woody stems. Species
composition of trees (>5cm DBH) in younger regrowth forests (<30 yrs.) and older regrowth forests (>30 yrs.) show 10% and 42—
51% of Bray Curtis similarity to their adjacent old-growth forests respectively. A total of 53% of trees and 63% of large
saplings/shrubs (<4cm DBH and >1m height) are shared species between two forest types. The top dominant species such as Betula
alnoides Buch.-Ham. ex D.Don, Lithocarpus fenestratus (Roxb.) Rehder, Schima wallichi Choisy, and Ifoa oreintalis Hemsl. in
regrowth forests make distinct patches different from old-growth forests. Species composition of trees in regrowth forests retains
the variation along the elevation gradient like old-growth forests. Land-use history of the regrowth forests has also affected the
regeneration of forest. Basal area and density of trees in regrowth forests are close or even higher than old-growth forests. The

regrowth forests reveal robust recovery of old-growth species and growth of unique species.
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INTRODUCTION

Previous land-use areas or abandoned lands have
contributed to the recovery of forest cover by natural
regrowth forests in several parts of the world (Aide et al.,
2000; Bhat et al., 2001; Martin et al., 2004; Ruiz et al.,
2005; Romero-Diaz et al, 2016). Several studies
suggested that regrowth forests in the previous land use
areas help to restore natural vegetation and promoted the
development of native forests (Zhang et al., 2010; Liu et
al., 2014; McNamara et al., 2012). The regeneration
potential of the disturbed area is contributed by factors
such as the presence of old-growth forests nearby
(Endress and Chinea, 2001; Martin et al., 2004; Rolim et
al., 2017) and soil seed bank (Omomoh et al., 2019).
Moreover, the previous land use types and intensity of
abandoned lands have influenced the floristic composition
and structure of the regrowth forests (Rivera ef al., 1999;
Pascarella ef al, 2000; Coléon and Lugo, 2006).
Nevertheless, the regrowth forests indicate closer species
composition to the old-growth forests gradually towards
the older stage of succession along the chronosequence of
abandonment of land-use areas (Pascarella et al., 2000;
Rivera et al., 2000; Gehring et al., 2005; Ruiz et al., 2005;
Sampaio et al., 2007; Baniya et al., 2009).

The rapid socio-economic development, improved
agricultural practices and a gradual change in policy on
traditional farming systems (slash burn agriculture) in
Bhutan have resulted in the abandonment of farmlands,
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which benefited in the recovery of vegetation (Gilani et
al., 2015; Bruggeman et al., 2016; Siebert et al., 2014).
The above factor is also claimed to be one of the factors
to increase its net forest cover since the 1990s and during
the 2000s (Gilani ef al., 2015; Bruggeman et al., 2016).
Prominent forest recoveries in the abandoned farmlands
are mostly observed in remote areas of the sub-tropical
zone where traditional farming of slash burn and dryland
cultivation had been widely practiced (Ohsawa, 1991;
Siebert et al., 2014). Bhutan's forest cover has reached
71% of the total area, which is much higher than her
constitutional mandate of maintaining minimum forest
cover of 60% for all time (Department of Forest and Park
Services, 2016). Generally, abandoned farmlands are
smaller in size and scattered due to its small population
and geographical features such as steep slopes, cliffs,
and high hills. Although slash burn was widely practiced,
it was practiced in confined areas in patches preventing
to cut whole forested areas due to culturally driven
reason, thus it has also created the mosaic of the structure
along old-growth forest (Siebert et al., 2014).

Although, significant vegetation development took
place after the radical land-use change over the past few
decades in Bhutan, the floristic composition, species
richness, and structure of the vegetation derived from
abandoned farmlands are least studied. The recent
studies on regenerations in Bhutan are only focused on
post-disturbance of selective logging broad-leaved
forests (Covey et al., 2015; Tenzin and Hasenauer, 2016)



o)

.- . . L
2020 Gayley & Sridith: Regrowth forests in Eastern Bhutan Himalaya {r‘%
91°25'0"E 91°25'30"E 91°26'0"E 91°26'30"E 91°27'0"E 91°27'30"E 91°28'0'E
N D =
ot »«Wm«\ B e N = N E[_rl
4 AP, 5 g )
e ”k?“ff?j A \\ {9 - Ji
v\ ¢ H T
{\‘ ke i > Bhutan! ‘%Nfl\)\\/«wﬂ\ 3 J’Jﬁ?w_l_ e ,//
2l O\ S ) A7 =] 5
£ \L/bhm( . 2 -\)JD y A ) /I = + |2
i ) 4 °
& k\,_é\ '\J\%':_[’ Tl \//\4~./ \J . &
- tudy area (Pemagatshel) va
Lo — /! AB4 (B
P 4 ! % OF2
] ol e 9% m
o, X —
; prbal _rr'JJf = 283 ==
; } | {_._l'f | |
o
7/ '
§ : | .°F3+ 4 Yongla Mountain ? S
= TyAL o
: Y & X .om 3 Ba 1N
E: % y\lﬂawa"_—;’:l & -
| [
2 r,g /
Ff';‘ rj—“_—] ey |
| — A
__r‘—u_fi—l "] ™ PR Legend
g‘\j ./AB1 B \ B Sampling area
OF1
= | 1) Contours_50M_DR03 I
5 S~ e
5; + + E \‘-\\J’—"/E E
& B Broadleaf
m Built up
= Ak <
1 cm =127 meters = I chirine
A Dryland
0 275 550 1,100 Meters Zz Landslides
——t— — 77 shrubs
- -
91°2530'E 91°26'0'E 91°26'30"E 91°270'E 91°2730'E 91°280"'E

Fig. 1. The study area in the west-facing slope of Yongla Mountain showing the seven abandoned farmlands/regrowth forests: AB1
(1120-1130 m), AB2 (1120-1165 m), AB3 (1315-1329 m), AB4 (1360-1400 m), AB5 (1673—1700 m), AB6 (1970-2000 m), AB7
(1987-2046 m) and five old-growth forests:OF 1 (1120—1157 m), OF2 (1329-1380 m), OF3 (1673-1690 m), OF4 (1990-2016 m), OF5
(2020-2055 m). The proportion of the landscapes in the map are based on the land use and land cover of Bhutan by the Ministry of

Agriculture and Forestry (2016)

where there is no alteration of soil. Moreover, secluded
and undisturbed land-use areas since the abandonment in
the vicinity of old-growth forests in the lower montane
region are underrepresented in other similar studies.
Therefore, the present study focused on the representative
of such regrowth forests on abandoned slash burn and
dryland cultivations which are approximately 20—60 years
since the abandonment. Species composition of these
regrowth forests is expected to show fast recovery and
high similarity to that of the old-growth forest. Land-use
history has likely affected the floristic composition and
structure of the regrowth forests beside the elevation
gradient. Therefore, the study examines the floristic
composition and structure of both the regrowth forests
adjacent old-growth forests to answer the following
questions: 1) What is the similarity of the floristic and
structural composition of regrowth forests and old-growth
forests? 2) Are there any species lacking to recovered or
found only in regrowth forests? 3) Do the elevation and
land-use history (age and type of land use) of regrowth
forests affect the floristic and structural composition of
regrowth forests? The study might contribute to the
knowledge of natural recovery of vegetation and its

implication in forest restoration and conservation of
biodiversity as well.

MATERIALS AND METHODS

Study area

Bhutan has broadly three zones of vegetation: Alpine
(4000m and above), temperate zone (2000—4000m), and
subtropical zone (150-2000m). The study area falls in
the subtropical zone in Pemagatshel region, Eastern
Bhutan. An elevation of the region ranges from 1000-
2500m, featured by an average rainfall of 1500mm to
3000mm, and an average temperature of 3°C to 26°C
recorded in the last ten years (National Centre for
Hydrology and Meteorology, 2018). The study area is in
the west-facing hillside of the Yongla mountain (Lat
27°00'30.49"N, Long 91°25'12.06"E), which has an
elevation of 1100-2500m, irregular slopes and the lower
montane forest with few chir pines stands. Moreover, it
is characterized by distinct patches of regrowth forests in
the vegetation which had been agricultural lands
formerly belonged to the people of nearby villages:
Pangthangdaza, Mawa, Khar and Mongling (Fig.1).
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Table 1. Site description and number of sampling plots in the abandoned farmlands (regrowth forests) and old-growth forests.

Abandoned farmlands (regrowth forests)

Old-growth forests

Sampling Elevation (m) Land-use history Age Size Plot-n Sampling Elevation (m) Plot-n
site code (years) (Hectare) site code*

AB1 1120-1130 Dryland 23-26 1.5 10 OF1 1120-1157 6
AB2 1120-1165 Slash burn 25-28 1.4 7 OF2 1329-1380 9
AB3 1315-1329 Dryland 20-23 0.7 5 OF3 1673-1690 9
AB4 1360-1400 Slash burn 40-42 0.8 7 OF4 1990-2016 8
AB5 1673-1700 Slash burn 30-33 2.5 10 OF5 2020-2055 11
AB6 1970-2000 Slash burn 55-60 2 10

AB7 1987-2046 Slash burn 36-39 3.5 15

* OF1(adjacent to AB1 and AB2), OF2 (adjacent to AB3 and AB4), OF3 (adjacent to AB5), OF4 (adjacent to AB6) and OF5 (adjacent to AB7)

Being protected by the Royal Government of Bhutan, no
recent disturbance is found in the area since the
abandonment. An intervening and alternating land use
policy to phase-out the trend of slash burn agriculture at
the national and local level took off in this region owing
to the high prevalence of such practices (Upadhyay, 1995).
The selected study area is suitable for the study due to the
availability of key informants (landowners and local
people), particularly to acquire information on the history
of these regrowth forests. Moreover, the vegetation in the
hillside might somewhat represent the vegetation of the
region due to its similar elevation range in the region.

Preliminary Survey

Elderly villagers and landowners of the abandoned
farmlands were interviewed and checked their old land
ownership certificate if available to acquire information
on the history of land use and years since abandonment.
Most of the abandoned farmlands were areas well-suited
for cultivation, while most of the undisturbed areas were
steep and rocky. In total, seven patches of regrowth
forests on the abandoned farmlands were identified
along the slope of a west-facing hillside of Yongla
Mountain (Table 1) which could be grouped in four
ranges of elevation (i.e., 1120-1265m, 1315-1400m,
1673-1700m, and 1970-2055m). The duration of
abandonment varied approximately from 20 years to 60
years, according to the landowners' information and their
records (Table 1). Among the seven abandoned
farmlands, five were used slash-burn/shifting cultivation,
and two were used dryland cultivation (Table 1). Area of
the abandoned farmlands that varied across 0.8-3.5ha
(Table 1) was measured by walking along the
demarcated boundaries with GPS with the landowners'
guidance. In the past, major agricultural activities in the
region were intensive and rotational farming of staple
foods (e.g., maize, potato, chili) in the dryland and slash
burn respectively in an average of 1 ha each by a
household (Upadhyay, 1995). For comparison, five
patches of undisturbed forests/old-growth forests of no
land-use history were identified adjacent to abandoned
farmlands. They were located within the elevation
ranges mentioned above (Table 1). Patches of
representative old-growth forest were chosen only in
areas of similar topography to adjacent abandoned
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farmlands. All the areas of dissimilar habitats and slope
were avoided to minimize the uncertainty of various
environmental factors.

Vegetation Sampling

The field data were collected from April to October
2018. A stratified random sampling method was used in
the identified areas. Based on the size of the abandoned
farmlands and patches of old-growth forests, the 5-15
(15x15m) plots were randomly sampled excluding
groove or eroded areas (Table 1). A total of 107 quadrats
was laid: 64 plots in regrowth forests of seven abandoned
farmlands and 43 plots in the five adjacent old-growth
forests (Table 1). The stems of diameter at breast
height/DBH of 5 cm and higher were categorized as trees
(Oosterhoorn and Kappelle, 2000; Do et al., 2010), and
counted, identified and assessed their DBH values
(lianas not included) in each 15x15m quadrat. The
smaller woody plants/large saplings (>4cm DBH and
<Im height) counted in the nested (5 x5m) subquadrats.
Further, the presence and absence of ground cover
occurring predominantly (> 50% coverage) or entirely
(Harrelson and Matlack, 2006), were recorded and
identified in the same (5x5m) subquadrats. All plants of
these categories occurring in the sampling quadrats were
collected for validation of identification and Herbarium
deposition. Flora of Bhutan (Grierson and Long, 1983,
1984, 1987, 1991, 1999, 2001; Noltie, 1994, 2000),
Flora of China ('eFloras, 2008) and the plant collections
at National Herbarium, Thimphu, Bhutan had been
referred to for identification. The voucher specimens
were deposited in the National Herbarium, Thimphu,
Bhutan.

Data analysis

The species richness of the trees (=5 cm DBH) of the
two forest types are calculated and drawn the species
accumulation by using function “specaccum?”,
randomizing for plot order (Gotelli and Colwell 2001).
Plot ordination of all 107 plots with the trees abundance
data is performed by detrended correspondence analysis
(DCA) by using function “decorana” in package vegan
(Oksanen et al., 2019) to determine the assemblage of
plots or pattern of tree community composition of both
the forest types along the elevation gradient. The
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Fig. 2. Species accumulation curves for the seven abandoned farmlands/regrowth forests (AB1-AB7) and five old-growth forests (OF 1-OF5).

percentage of similarity of tree species composition
between two forest types is determined by Bray Curtis
similarity percentage by using function “vegdist”. For
the comparison of dominant tree species, the importance
value index (IVI, the sum of relative dominance, relative
density, and relative frequency) is calculated for both the
forest types. Similarly, relative abundance for the larger
sapling/smaller woody stems (>4cm DBH and <Im
height) and relative frequency for predominant/entire
ground covers are determined to compare their values
between the two forest types. For the structural analysis,
plants were categorized into larger sapling/smaller
woody stems (>4cm DBH and <1m height), small trees
(5-9 cm DBH) and large trees (>10cm DBH). The
density was calculated for all three categories of plants
while the basal area was calculated only for the large
trees (>10cm DBH) as they are well-established trees.
ANOVA and post hoc Tukey test was performed using
package multcomp (Hothorn et al., 2008) to determine
the statistical difference in the densities and the basal
area between the regrowth and old-growth forests. All
analysis was performed in R (R Core Team, 2019).

RESULT

Species composition of trees (=5 cm DBH) in regrowth
forest and old-growth forests

A total of 160 species of trees are recorded in 107
plots of regrowth and old-growth forests. About 53% (84)
species are common to the two forest types, (17%) 28
and (30%) 49 species are unique to regrowth forests and
old-growth forests and respectively (Table S1).
Unshared species between regrowth and old-growth
forests are mostly of low importance value index (Table
S1). The species accumulation curve of old-growth
forests is relatively stepper than those of regrowth forests,
except AB7 (36-39 yrs.) (Fig. 2). This indicates the
regrowth forests have relatively lower species richness
than their adjacent old-growth forests except for AB7
(36-39 yrs.). AB2 and AB6 show the least curved,
indicating lowest species richness.

The plots ordination by DCA shows that the plots of
regrowth forest show affinity towards their adjacent old-
growth forest as well as assembled similar to that of the
old-growth forests according to their elevation gradient
from higher to lower along the DCA Axis 1(Fig. 3).
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Fig. 3. Detrended correspondence analysis ordination for plots sampled in seven abandoned lands/regrowth forests (AB1-AB7) and
five old-growth forests (OF1-OF5). The length of the axis was 6.48 SD long. First ordination 'eigenvalue' was 0.775, and second

ordination 'eigenvalue' was 0.444

However, despite the elevation difference, plots in AB3
(abandoned dryland) and ABI1 (abandoned dryland)
assemble closer than their neighboring AB4 (abandoned
slash burn) and AB2 (abandoned slash burn) respectively.

Species composition of AB1 (23-26yrs), AB2 (25—
28yrs.) and AB3 (20-23 yrs.) are 10% similar to their
adjacent old-growth forests (OF1, OF2) by Bray Curtis
similarity percentage (Fig 4). AB4 (4042 yrs.) and AB5
(30-33 yrs.) are 42% and 51% similar respectively to
their adjacent old-growth forest (OF3). AB6 and AB7
showed 50% similar to their adjacent old-growth forests
(OF4 and OFS5). Few non-indigenous species, e.g.,
Citrus maxima (Burm.) Merr. (Rutaceae), C reticulata
Blanco (Rutaceae), Justicia adhatoda L. (Acanthaceac)
are recorded in younger regrowth forests (AB1 and AB2)
(Table S1). AB3 (abandoned dryland) and ABI
(abandoned dryland) are 42% similar to each other,
despite the elevation difference (Fig 4).

The two forest types have few dominant species in
common, e.g., Lithocarpus elegans (Blume) Hatus. Ex
Soepadmo (Fagaceae) in AB7 and OF3, and [. orientalis
Hemsl. (Salicaceae) in AB1, OF1 and OF2 (Fig 5.).
Elaeocarpus lanceifoliu Roxb. (Elacocarpaceae) and
Magnolia hodgsonii (Hook.f. & Thomson) H.Keng
(Magnoliaceae) are dominant in old-growth forests (OF4
and OF1 respectively) but absent in regrowth forests.
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Dominance of Beilschmeidia gammieana King ex Hool.f
(Lauraceae) occurs in old-growth forests (OF5 and OF4),
but only low IVI of it occurs in regrowth forests.
Conversely, the high dominance of Betula alnoides
Buch.-Ham. ex D.Don is common among regrowth
forests derived from abandoned slash burns (ABS5, AB6,
and AB?7) at higher elevation but rarely occurred in old-
growth forests (Fig. 5.). Likewise, dominance of
Lithocarpus fenestratus (Roxb.) Rehder is common in
abandoned slash burns (AB2 and AB4) at a lower
elevation, particularly the AB2 shows the highest
dominance. Considerable IVI of Schima wallichii
Choisy spreads in many regrowth forests, but high
dominance of it occurred in abandoned drylands (AB1
and AB2) (Fig 5). Higher IVI of Castanopsis hystrix
Hook.f. & Thomson ex A. DC. spreads widely in
abandoned slash burns (AB2, AB4, and ABS5) (Fig. 5.).
Although Maesa indica (Roxb.) A.DC. (Primulaceae)
and M. chisa Buch.-Ham. ex D. Don are shrubby/small
trees; they show considerable IVI in both forest types.
The variation in the proportion of IVI of dominant
species is higher in the age bracket of 20-28 years old
regrowth forests (AB1, AB2, AB3) and dominated by
one or two species unlike in older regrowth forests and
old-growth forests (Fig. 5).
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Fig. 4. Bray Curtis similarity percentage between abandoned farmlands/regrowth forests (AB1-AB7) and five old-growth forests (OF 1-OF5).

Species composition of large saplings/shrubs (>4cm
DBH and <Im height) and predominant ground covers
in regrowth forest and old-growth forests

63% (45) of the total species (72) are shared species
in the two forest types while 15% (11) and 22% (16) are
unique to regrowth forests and old-growth forests
respectively (Table S2). Generally, the species richness
of this category of plants in regrowth forests is relatively
lower than the old-growth forests (Table S2), while
species richness in the rest of regrowth forests is similar
to old-growth forests. Among the top relative abundance
of large saplings/shrubs, 49% are shared species in both
forest types (Fig. 6). The majority of them are of large
saplings of prominent trees, e.g., B. gammieana, B.
assamica Meisn. (Lauraceae), Ostodes paniculata Blume
(Euphorbiaceae), S. wallichii, I. Orientalis, L. fenestratus,
Eurya acuminata DC. (Pentaphylaceae), E. cerasifolia
(D.Don) Kobuski (Pentaphylaceae) while few are large
saplings of smaller trees, e.g., Camellia kissi Wall.
(Theaceae), Maesa indica (Primulaceae), Mysirine
semiserrata Wall. (Primulaceae) and shrubs, i.e.,
Flemingia macrophylla (Wild.) Merr. (Leguminosae).

Frequency and species richness of predominant
ground covers are distinctly higher in the old-growth
forest than regrowth forests (Table S3). About 35% (7)
of the total species is present in both forest types while
55% (11) and 10% (2) species are unique to the old-
growth forest and regrowth forests, respectively. Ferns,
Piper spp. (Piperaceae), Molineria capitulata (Lour.)
Herb. (Hypoxidaceae) and Ardisia sp. (Primulaceae),
and Drepanostachyum sp. (Poaceae) are common in
several sites including both the forest types. Few species,
e.g., Ampelocalamus sp. (Poaceae) and Calanthe sp.
(Orchidaceae) occur at distinctly high frequency only in
the old-growth forests (i.e., OF3 and OF4 respectively).
No predominant ground cover is found in AB2 where L.
fenestratus has highly dominated.

Density and basal area of woody plants in regrowth
forest and old-growth forests

The density of trees (=10 cm DBH) in AB2 exceeds
its adjacent old-growth forest significantly while the
density of the trees in other regrowth forests shows no
significant difference to their adjacent old-growth forests
(Fig. 7A). The density of small trees (5-9cm DBH) in
ABS is significantly higher than the old-growth forests
and all other regrowth forests while the rest of the
regrowth forests show no significant difference to their
adjacent old-growth forests (Fig. 7B). The density of
large saplings/shrubs (=4cm DBH and <lm height) in
regrowth forests show no significant difference to their
adjacent old-growth forests except AB4 shows
significantly lower than its adjacent old-growth forest
(Fig. 7C). Basal area of large trees (=10 cm DBH) in
AB7 and ABS is significantly higher than all other
regrowth forests and many of the old-growth forests
respectively (Fig. 7D). However, the basal area in AB6
is significantly lower than its adjacent old-growth forest.
The remaining regrowth forests show no significant
difference to its adjacent old-growth forests.

DISCUSSION

Species composition of old-growth forests and
regrowth forests and their land-use history

The species richness among the regrowth forests
differs greatly unlike among the old-growth forests.
Generally, the species richness of trees is relatively
lower in regrowth forests than old-growth forests.
Nevertheless, one of the regrowth forests (AB7, 36-39
yrs.) has higher species richness than the old-growth
forests, which reveals the high potential of recovery of
tree species in abandoned farmland. The highest species
richness around this stage of the regeneration of forest is
reported in other similar studies of abandoned farmlands
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(Ruiz et al., 2005; Plieninger et al, 2014) and
abandoned pasture (Pascarella et al., 2000), but the
species richness of the regrowth forests rarely exceeds
the old-growth forests. The species richness would
probably decrease in the later stage as shown lower value
in AB6 (55-60 yrs.), which is located at the same
elevation range. In the tropical forests, species richness
in regrowth forest remains lower than old-growth forests

even at the age of 50 years (Teegalapalli and Datta 2016).

Regrowth forests maintain the variation of species
composition of trees along the elevation gradient similar
to old-growth forests which indicate the influence of
elevation on the regenerations. The species composition
of trees in regrowth forests also retain a certain similarity
to adjacent old-growth forests and a considerable
percentage of species is shared species in the various
proportion of IVI in general. The result could be also
speculated as to the influence of adjacent old-growth
forests on the species composition of regenerations on
abandoned farmlands as suggested in other studies
(Endress et al., 2001; Martin et al., 2004; Rolim et al.,
2017). The species composition of regrowth forests of
30-60 years old is more similar to old-growth forests
than regrowth forests of 20-28 years old. Moreover,
older regrowth forests have lower variation in the
proportion of IVI of dominant species than younger ones.
These results might assert a gradual convergence of
species composition towards the surrounding old-growth
forests. The presence of few non-indigenous species in
the few younger regrowth forests might correspond to
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the study of Pascarella et al. (2000) where non-
indigenous species are diverse in the younger recoveries
and gradually decline in the older recoveries.

Probably, L. Elegan, C. Hystrix, 1. orientalis and S.
wallichii recover faster than other prominent trees in the
regrowth forests because they are dominant as old-
growth forests. The species such as S. wallichii, 1.
orientalis and L. fenestratus might have been the pioneer
species in abandoned farmlands at lower elevation since
they are dominant and homogenous. Likewise, other
studies support that the secondary forest of the post-
agricultural succession is dominated by S. wallichii in
montane forests (Fukushima et al., 2008; Do et al., 2010)
and I orientalis in sub-tropical forests (Yang et al.,
2018). Species such as I. orientalis, B alnodies and S.
wallichi might be favored by their easy mode of dispersal
by wind owing to their light seeds. Probably, the Acorn
species are favored by hoarding animals in seed dispersal
because the continuous forest of regrowth and old-
growth forest in the region is suitable for them to live.
The common dominance of species in the two forest
types does not make the same structure of forests.
Medium-sized trees i.e., I. orientalis comprise the major
homogenous canopies in regrowth forest while they
comprise only the understories or few the sub-canopies
in old-growth forests. The dominance of B. alnoides and
its emergent structure in regrowth forests at a higher
elevation creates distinct patches different from the old-
growth forest. The species is the pioneer and fast-
growing species in the montane forests (Ohsawa, 1991)
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and has persisted as dominant species around 60 years of
abandonment. A relative of this genus, e.g., Betula
pendula is one of the pioneer species in woodland
regeneration in broad-leaved forests and can persist in
the forest up to around 70 years (Falinski, 1998). Besides
B. alnoides, the high dominance of Fagaceae species is
more in regrowth forest of slash burns history than the
abandoned drylands. The correspondence of dominant
trees and high similarity of species composition between
the same land-use type might be the influence of land-
use history. Likewise, the dominance of L. fenestratus
singly in AB2 (abandoned slash burn) corresponds to the
study of Fukushima et al. (2008) where the dominance
of single species is observed in the history of intensive
farming system in abandoned slash burn in montane
forests. Intensive farming could have destroyed the seed
bank and resulted in less species richness and dominance
of one or two species. I. orientalis, E. accuminata, E.
cerasifolia, M indica and M. chisa appear among top
dominant species even though they are generally of
shrubby/small trees to medium-size trees. Thus, they
constitute dominant species among the sub-canopy and
understory layers. These species are also observed in an
early stage of succession as pioneer species in lower
montane forests (Ohsawa, 1991) and tropical forest
(Teegalapalli and Datta, 2016).

The regrowth forest and old-growth forest have a
high percentage of shared species of large
saplings/shrubs which make them similar species
composition of understories. The appearance of B.
gammieana and B. assamica at considerable abundance
among the saplings in regrowth forests reveals the
recovery of some old-growth species in a much later
stage. Similar to this study, Toriola et al. (1998)
observed that the occurrence of primary forest species in
the young regeneration in the 19 years old secondary
forest.

The frequency and species richness of predominant
groundcovers in regrowth forests are lower than old-
growth forests. The study of Barthlott ef al. (2000) and
Martin ef al. (2004) reported that epiphytic orchids and
ferns are also more diverse in an old-growth forest than
the secondary forest, which is not included in this study.
Recovery of old-growth groundcover species in
abandoned farmlands is probably difficult. Nevertheless,
relatively higher frequency and species richness of
ground covers in older regrowth forests than younger
ones show the gradual potential of recovery. Moreover,
the regrowth forests have unique ground cover species
that contribute to the diverse species composition of the
forests.

Density and basal area of woody stems in old-growth
and regrowth forests and their land-use history

The density of trees in regrowth forests is
comparable to old-growth forests. The density of large

trees (=10cm DBH) of the regrowth forest has reached
to the level of old-growth forests in more than 20 years
of abandonment in the lower montane area. Similar to
this study, the density of trees in abandoned shifting
cultivation shows similar value to the old-growth forest
at the age of around 25 years in Tropical (Gehring ef al.,
2005) and Mountain broad-leaved forest (Do et al.,
2010). Nevertheless, the complexity of the structure of
the forests between the two forest types is still different.
Generally, the homogenous canopy trees contribute the
average density in the regrowth forest; while the sub-
canopies and understories mainly contribute to the
average density in old-growth forests. One of the
regrowth forests i.e., AB5 (30-33 years old) has a greater
density of small trees (6-9cm DBH) than the old-growth
forests. It is comparable to the intermediate state where
density reached a peak and decreased in an older state in
the studies of Pascarella et al. (2000) and Rivera et al.
(2000). The density of sapling/shrubs is similar in both
forest types, and the mixture of saplings and shrubs have
contributed to the density. The mixture of saplings and
shrubs occur in the early succession as well, the presence
of shrub and its density do not impede the growth of
sapling (Duncan and Chapman, 2003).

The overall average basal area of the tree (>10cm
DBH) of regrowth forests has approached to the old-
growth forest at the age of forest greater than 20-23
years in the lower montane area. Unlike other similar
studies, few regrowth forests i.e., AB5 (30-33yrs) and
AB7 (37-39 years) have a distinctly higher basal area
than old-growth forests which is a unique and fast
recovery of wood. The basal area of trees (>10cm DBH)
in abandoned slash burn is considerably lower than old-
growth forests when the density of trees reached to the
level of old-growth forests in the sub-tropical lower
montane forest (Martin et al., 2004) and tropical forests
(Teegalapalli and Datta, 2016). The dominance of B.
alnoides has profoundly contributed to the basal area of
these regrowth forests because being it as fast-growing
pioneer and it has greater DBH and density than other
trees. However, their basal area might decline in a later
stage because the basal area was lower in older stage
ABG6 (55-60 years) where the dominance of B. alnoides
is the same. Although the species such as L. fenestratus
and [ orientalis grow in high density, they do not
contribute much to the basal area due to their habit of the
medium-sized tree.

CONCLUSION

A considerable percentage of primary woody species
has recovered in the regrowth forests and exhibited
higher similarity of species composition towards old-
growth forests by the older regrowth forests than the
younger regrowth forests. Species composition of
regrowth forests retains the variation along the
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elevations similar to old-growth forests. Likewise,
similar land-use history i.e., age and land-use type
correspond to similar species composition among
regrowth forests. Recovery of density and basal area of
trees of regrowth forest in the area is fast and robust.
Regrowth forest has many unique species and
dominance of species that contribute to the diverse
species composition and structural complexity.
Recovery of species composition and structural
heterogeneity to the state of old-growth forests would be
difficult to speculate at least within 60 years of
abandonment in the area. Nevertheless, regrowth forest
is important because it is naturally recovered forest, the
natural history of it is valuable as the primary forests,
and it enhances the floral biodiversity.

ACKNOWLEDGMENTS

This work is supported by the Higher Education Research
Promotion and Thailand’s Education Hub for Southern Region
of ASEAN Countries Project of the Higher Education
Commission; the Graduate School, Prince of Songkla
University, Hat Yai, Songkhla; and Centre of Excellence on
Biodiversity, Office of Higher Education Commission (BDC-
PG3-160016), Ministry of Higher Education, Science,
Research and Innovation, Thailand. The permit to conduct this
research in the area was granted by Ugyen Wangchuk Institute
for Conservation and Environmental Research (UWICE),
Bumthang, Bhutan. We are grateful to landowners of the
abandoned lands and villagers of Pangthangdaza, Mawa, Khar
and Mongling for providing the information on the abandoned
farmlands and the assistance in the fieldwork.

LITERATURE CITED

Aide, T.M., J.K. Zimmerman, J.B. Pascarella, L. Rivera
and M. Marcano-Vega. 2000. Forest Regeneration in a
chronosequence of Tropical Abandoned Pastures:
Implications for Restoration Ecology. Restor. Ecol.
8(4):328-338.

Baniya, C.B., T. Solhey and O.R. Vetaas. 2009. Temporal
Changes in Species Diversity and Composition in

Abandoned Fields in a Trans-Himalayan Landscape, Nepal.

Plant Ecol. 201(2): 383-399.

Bhat, D.M., K.S. Murali and N.H. Ravindranath. 2001.
Formation and Recovery of Secondary Forests in India: A
Particular Reference to Western Ghats in South India. J.
Trop. For. Sci. 13(4):601-620.

Bruggeman, D., P. Meyfroidt and E.F. Lambin. 2016. Forest
Cover Change in Bhutan: Revisiting the Transition. Appl.
Geogr. 67: 49-65.

Covey, K., C.J.W. Carroll, M.C. Duguid, K. Dorji, T. Dorji,
S. Tashi, T. Wangdi, M. Ashton. 2015. Developmental
dynamics following selective logging of an evergreen oak
forest in the Eastern Himalaya, Bhutan: Structure,
composition, and spatial pattern. For. Ecol. Manage.
336:163-173.

Colén, S.M. and A.E. Lugo. 2006. Recovery of a Subtropical
Dry Forest after Abandonment of Different Land Uses.
Biotropica 38(3): 354-364.

346

Vol. 65, No. 3

Department of Forest and Park Services. 2016. National
Forest Inventory Report: Stocktaking Nation’s Forest
Resources vol 1. Department of Forest and Park Services,
Thimphu, Bhutan.

Do, V.T., A. Osawa, N.T. Thang. 2010. Recovery process of
a mountain forest after shifting cultivation in Northwest
Vietnam. For. Ecol. Manag. 259(8): 1650-1659.

Duncan, R.S. and C.A. Chapman. 2003. Tree-Shrub
Interactions during Early Secondary Forest Succession in
Uganda. Restor. Ecol. 11(2):198-207.

Endress, B.A. and J.D Chinea. 2001. Landscape Patterns of
Tropical Forest Recovery in the Republic of Palau.
Biotropica 33(4): 555-565.

Falinski, J.B. 1998. Dynamics of Salix caprea L. populations
during forest regeneration after strong herbivore pressure.
J. Veg. Sci. 9(1): 57-64.

Fukushima, M., M. Kanzaki, M. Hara, T. Ohkubo, P.
Preechapanya and C. Choocharoen. 2008. Secondary
forest succession after the cessation of swidden cultivation
in the montane forest area in Northern Thailand. For. Ecol.
Manage. 255(5-6): 1994-2006.

Gehring, C., M. Denich and P.L.G. Vlek. 2005. Resilience
of Secondary Forest Regrowth after Slash-and-Burn
Agriculture in Central Amazonia. J. Trop. For. Sci. 21(5):
519-527.

Gilani, H., H.L. Shrestha, M.S.R. Murthy, P. Phuntso, S.
Pradhan, B. Bajracharya and B. Shrestha. 2015.
Decadal land cover change dynamics in Bhutan. Journal of
Environmental Management 148(15): 91-100.

Gotelli, N.J. and R.K. Colwell. 2001. Quantifying
biodiversity: Procedures and pitfalls in measurement and
comparison of species richness. Ecol. Lett. 4(4):379-391.

Grierson, A.J.C. and D.G. Long. 1983. Flora of Bhutan:
Including a Records of Plants from Sikkim, Vol 1(1). Royal
Botanic Garden, Edinburgh.

Grierson, A.J.C. and D.G. Long. 1984. Flora of Bhutan:
Including a Records of Plants from Sikkim vol 1(2). Royal
Botanic Garden, Edinburgh.

Grierson, A.J.C. and D.G. Long. 1987. Flora of Bhutan:
Including a Records of Plants from Sikkim vol 1(3). Royal
Botanic Garden Edinburgh.

Grierson, A.J.C. and D.G. Long. 1991. Flora of Bhutan:
Including a Records of Plants from Sikkim vol 2(1). Royal
Botanic Garden, Edinburgh.

Grierson, A.J.C. and D.G. Long. 1999. Flora of Bhutan:
Including a Records of Plants from Sikkim vol 2(2). Royal
Botanic Garden, Edinburgh.

Grierson, A.J.C. and D.G. Long. 2001. Flora of Bhutan:
Including a Records of Plants from Sikkim vol 2(3). Royal
Botanic, Edinburgh.

Harrelson, S.M. and G.R. Matlack. 2006. Influence of Stand
Age and Physical Environment on the Herb Composition
of Second-Growth Forest, Strouds Run, Ohio. J. Biogeogr.
33(6): 1139-1149

Hothorn, T., F. Bretz and P. Westfal. 2008. Simultaneous
inference in general parametric models. Biometrical J.
50(3): 346-363.

Liu, X., Y. Lu, Z. Yang and Y. Zhou. 2014. Regeneration and
Development of Native Plant Species in Restored
Mountain Forests, Hainan Island, China. Mt. Res. Dev.
34(4):396-404.

McNamara, S., P.D. Erskine, D. Lamb, L. Chanthalangsy,
S. Boyle. 2012. Primary tree species diversity in secondary
fallow forests of Laos. For. Ecol. Manag. 281: 93-99.



o
i
2020 Gayley & Sridith: Regrowth forests in Eastern Bhutan Himalaya %

Martin, P.H., R.E. Sherman and T.J. Fahey. 2004. Forty
Years of Tropical Forest Recovery from Agriculture:
Structure and Floristics of Secondary and Old-Growth
Riparian Forests in the Dominican Republic. Biotropica
36(3): 297-317.

Noltie, H.J. 1994. Flora of Bhutan: Including a Records of
Plants from Sikkim and Darjeeling vol 3(1). Royal Botanic,
Edinburgh.

Noltie, H.J. 2000. Flora of Bhutan: Including a Records of
Plants from Sikkim and Darjeeling vol 3(2). Royal Botanic,
Edinburgh.

Ohsawa, M. 1991. Montane Evergreen Broad-leaved Forests
of the Bhutan Himalaya. Life Zone Ecology of the Bhutan.

Omomoh, B., V. Adekunle, A. Lawal and O. Akinbi. 2019.
Tree species and regeneration potential of soil seed bank in
Akure forest reserve, Ondo state, Nigeria. Taiwania
64(4):409-416.

Oksanen, J, F.G. Blanchet, M. Friendly, R. Kindt, P.
Legendre, D. McGlinn, P.R. Minchin, R.B. O'Hara,
G.L. Simpson, P. Solymos, M. Henry, H. Stevens, E.
Szoecs, H. Wagner. 2019. VEGAN: Community Ecology
Package. R package version 2.5.

Oosterhoorn, M and M. Kappelle. 2000. Vegetation
structure and composition along an interior-edge-exterior
gradient in a Costa Rican Montane cloud forest. For. Ecol.
Manag. 126(3): 291-307.

Pascarella, J.B., T.M Aide, M.I. Serrano, J.K. Zimmerman.
2000. Land-Use History and Forest Regeneration in the
Cayey Mountains, Puerto Rico. Ecosystems 3(3): 217-228.

Plieninger, T., H. Chang, M. Gaertner, L. and Huntsinger.
2014. The Impact of Land Abandonment on Species
Richness and Abundance in the Mediterranean Basin: A
Meta-Analysis. Plos One 9(5): €98355.

R Core Team. 2019. A language and environment for
statistical computing. R Foundation for Statistical
Computing. https:/www.R-project.org (accessed April 1,
2019), Vienna, Austria.

Rivera, L.W., J.K. Zimmerman and T.M. Aide. 2000. Forest
Recovery in Abandoned Agricultural Lands in a Karst
Region of the Dominican Republic. Plant Ecol. 148(2):
115-125.

Rolim, S.G., F.E. Machado, V.D. Pillar, V. Vandvik. 2017.
Divergence in a Neotropical forest during 33 years of
succession following clear-cutting. J. Veg. Sci. 28(3): 495—
503.

Romero-Diaz A.R., J.D. Ruiz-Sinoga, F. Robledano-
Aymerich, E.C. Brevik and A. Cerda. 2016. Ecosystem
responses to land abandonment in Western Mediterranean
Mountains. Catena 149: 824-835.

Ruiz, J., M.C. Fandiiio and R.L. Chazdon. 2005. Vegetation
Structure, Composition, and Species Richness across a 56-
year Chronosequence of Dry Tropical Forest on
Providencia Island, Colombia. Biotropica 37(4): 520-530.

Sampaio, A.B., K.D. Holl and A. Scariot. 2007. Regeneration
of Seasonal Deciduous Forest Tree Species in Long-Used
Pastures in Central Brazil. Biotropica 39(5): 655-659.

Siebert, S.F. and J.M. Belsky. 2014. Historic livelihoods and
land use as ecological disturbances and their role in
enhancing biodiversity: An example from Bhutan. Biol.
Conserv. 177: 82-89.

Teegalapalli, K. and A Datta. 2016. Field to a forest: Patterns
of forest recovery following shifting cultivation in the
Eastern Himalaya. For. Ecol. Manag. 364: 173-182.

Tenzin, J. and H. Hasenauer. 2016. Tree species composition
and diversity in relation to anthropogenic disturbances in
broad-leaved forests of Bhutan. International Journal of
Biodiversity  Science, Ecosystem  Services and
Management 12: 274-290.

Toriola, D., P. Chareyre and A. Butter. 1998. Distribution of
Primary Forest Plant Species in 19-Years Old Secondary
Forest in French Guiana. J. Trop. Ecol. 14(3): 323-340.

Upadhyay, K.P. 1995. Shifting Cultivation in Bhutan: A
Gradual Approach to Modifying Land Use Pattern: A Case
Study from Pemagatshel District, Bhutan Community
Forestry Case StudySeries 11. FAO, Rome.

Yang, Y., T. He, Y. Yu, Z. Li and D. Li. 2018. Community-
wide consistency in plant N acquisition during post-
agricultural succession in a karst area, southwest China.
New Forests 49(2): 197-214.

Zhang, K., H. Dang, S. Tan, Z. Wang and Q. Zhang. 2010.
Vegetation community and soil characteristics of
abandoned agricultural land and pine plantation in the
Qinling Mountains, China. For. Ecol. Manag. 259(10):
2036-2047.

Supplementary materials are available from Journal Website.

347



