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Regeneration Status of Trees in Tropical Dry Evergreen Forest of Southern Coromandel Coast, Peninsular India

ABSTRACT

	Aims: Quantitative field study was conducted to assess forest regeneration status in ten tropical dry evergreen forest sites at southern Coromandel Coast.
Study design:  Quantitative field survey.
Place and Duration of Study: Tamil Nadu, One year
Methodology: Forest regeneration study was conducted in ten tropical dry evergreen forest sites located on the southern Coromandel Coast. A twenty 10 m × 10 m (100 m2; 0.01 ha) square plots were randomly laid in all forest sites. All encountered plants were identified to species level in the field. Individuals up to the height <20 cm were considered as seedling whereas, the height class 20.1-40 cm, 40.1-100 cm and 100.1-<10 girth at breast height (gbh) cm were considered as saplings. Height class classification followed Induchoodan (1993). Regeneration status of species was identified with density of seedlings, saplings and adult plants. Five regeneration categories were recognised as in Shankar (2001): 1. Good regeneration: Seedlings > saplings> adults; 2. Fair regeneration: Seedlings > saplings ≥ adults; 3. Poor regeneration: (i) Species survives only as saplings but not as seedlings; (ii) Seedlings < saplings < adults; 4. No regeneration: Species absent both in seedlings and saplings but present as adults; and, 5. New regeneration: Species present only in seedlings or saplings but not as adult trees 
[bookmark: _GoBack]Results: A total of 51640 seedlings were recorded from ten study sites. Seedling density varied 1970 to 9050 ha-1. On an average each site had 5163 ± 2507 seedlings ha-1. A sum of 38130 saplings was encountered. Sapling density ha-1 ranged from 1560 to 7670 plants ha-1 while, the mean sapling density recorded as 3813 ± 1954 plants ha-1. Species richness of young plants ha-1 varied from 25 to 33 in study area. The mean species richness of study area was 28.5 ± 3.20 species ha-1. On an average, each mature individual had 11.84 ± 2.94 young plants in study area. Young-mature plant ratios differed from 7.27 to 14.78. The proportion of species showed good, fair, poor and no regeneration varied considerably among study sites. Present investigation recorded a net loss of 3.11 to 43.78% seedlings during seedling-sapling transition stage, and a further loss of 66.44 to 84.4% saplings in developmental phase from saplings to trees. Survival rate of seedlings ranged from 5.61 to 12.10%.
Conclusion: The mean young plant density, diversity, and species richness obtained in the resent study are comparable with world’s tropical forests.
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1. INTRODUCTION

The developmental stages namely, seedlings, saplings and mature plants, all are important to maintain the viable plant communities in forests. The mortality of young plants (seedlings and saplings) affects mature plant density of forests in long-term. Likewise, the death of mature plants strongly influences the density of young plants. If young plants face constant disturbances then the forest could lose its regeneration. Lack of regeneration makes species as ‘living dead’ (Janzen, 1986). In addition, without regeneration the forest cannot maintain its species diversity and survival. Therefore, the information pertaining to forest regeneration is important. The forest regeneration is essential to maintain long-term ecological functions of forests (Donoso and Nyland, 2005). Additionally, the knowledge on forest regeneration dynamics is important to enhance forest productivity, to preserve species composition and diversity (Oliver and Larson, 1990; Murali et al. 1996). Besides, regeneration is an important factor that ensures successive generations of plants (Barnes et al. 1998). Researchers have reported number of factors that influence seedling and sapling establishments in forest ecosystems (Crow and Metzer, 1987; Nyland, 2002). For example, the structure and composition of matured trees (Nyland, 2002) and availability of forest gaps created by tree fall (Veblen, 2000) are largely affect seedling recruitment and regeneration in forest ecosystems.
The population structure of plants (seedlings, saplings and mature plants) exhibits regeneration status of species and forests (Khan et al. 1987). Growth of younger individuals in the presence of matured plants is essential to the survival of any natural plant community (Taylor and Zisheng, 1988). A species must occur in substantial number as seedling and sapling to ensure its continuous survival in the community. The natural (storm, hurricanes, fire, disease etc.) as well as anthropogenic (forest clearing, biomass removal, fire, seed predation etc.) mediated calamities severely affect natural regeneration of forests (Sundriyal et al. 1994; Murali and Setty, 2001) and ecosystem processes. Besides, the information on regeneration of forest communities is vital to understand the phyto-diversity conservation potential of forests (Alamgir and Al-Amin, 2007). Moreover, a species secure its existence through regeneration, accordingly, regeneration is important to long-term survival.
A thorough literature survey on available resources shows that forest regeneration studies are very limited for TDEFs. The current study conducted to know the regeneration status of ten tropical dry evergreen forest sites located on southern Coromandel Coast of peninsular India. Objectives of the present study are (a) estimation of density and species richness of seedlings and saplings in ten tropical dry evergreen forest sites; (b) measuring young plant diversity through diversity indices; and, (c) assessment of regeneration status of individual species’ and forest tree community.

2. material and methods
2.1 Field survey
Forest regeneration study was conducted in ten tropical dry evergreen forest sites located on the southern Coromandel Coast (Figure 1). A twenty 10 m × 10 m (100 m2; 0.01 ha) square plots were randomly laid in all forest sites. All encountered plants were identified to species level in the field. Individuals up to the height <20 cm were considered as seedling whereas, the height class 20.1-40 cm, 40.1-100 cm and 100.1-<10 gbh cm were considered as saplings. Height class classification followed Induchoodan (1993). Regeneration status of species was identified with density of seedlings, saplings and adult plants. Five regeneration categories were recognised as follows (Shankar, 2001): 1. Good regeneration: Seedlings > saplings> adults; 2. Fair regeneration: Seedlings > saplings ≥ adults; 3. Poor regeneration: (i) Species survives only as saplings but not as seedlings; (ii) Seedlings < saplings < adults; 4. No regeneration: Species absent both in seedlings and saplings but present as adults; and, 5. New regeneration: Species present only in seedlings or saplings but not as adult trees 
Number of species present in per unit area is defined as species richness. All species recorded in one ha summed to estimate species richness ha-1. The number of individuals present in a defined area called as density. All the recorded plants were totalled to calculate forest young plant density ha-1.
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Figure 1. Map of study area wherein tree regeneration study conducted.

2.2. Diversity indices

Shannon diversity (H), Shannon Equitability index (EH) and Simpson’s Dominance indices were computed as follows (as in Magurran, 1988).
[image: Picture1]
Where: H = the Shannon diversity index; Pi = fraction of the entire population made up of species i; S = number of species encountered; ∑ = sum from species 1 to species S. Shannon’s equitability (EH) computed by dividing H by Hmax (where Hmax = lnS). Shannon’s evenness (EH) = H / Hmax = H / ln S. Whilst, Simpson’s dominance index (D) was computed with following formula. D = ∑ ni(ni-1)/N(N-1) where D is measure of dominance; ni = the number of individuals in the ith species; N = the total number of individuals of all the species in the sample.

2.3. Population structure
All the recorded young plants were classed in to four height classes as per their height (cm): 1) < 20 cm; 2) 20.1-40 cm; 3) 40.1-100 cm; and, 4) > 100 cm-< 10 cm gbh. The sum of young plants in each of the four height classes and their contribution to the site total density were computed. Population structure was determined for all study sites by calculating the contribution of four height classes to the site young plant density.

3. results and discussion

3.1. Density of seedlings (< 20 cm)

A total of 51630 seedlings were recorded from ten study sites. Seedling density varied 1970 to 9050 ha-1. Among study sites, JI recorded the lowest seedling density (1970 plants ha-1) while TN had the maximum seedling density (9050 plants ha-1). On an average, each site had 5163 ± 2507 seedlings ha-1 (Table 1).

Table 1. Details of quantitative assessment of seedlings and saplings recorded in study area. (top value of each category is in bold face).
	Site
	Species 
richness ha-1
	Seedling
density
ha-1
	Sapling density
ha-1
	Shannon 
index (H)
	Shannon equitability 
Index (H’)
	Simpson 
index (D)

	AU
	31
	4930
	4420
	2.64
	0.77
	0.14

	AM
	29
	3230
	1840
	2.96
	0.88
	0.07

	JI
	28
	1970
	1560
	2.88
	0.86
	0.08

	PK
	25
	4650
	3230
	2.55
	0.79
	0.13

	PI
	25
	7990
	6120
	2.60
	0.80
	0.14

	PM
	25
	2890
	2800
	2.55
	0.79
	0.13

	TM
	33
	4770
	4020
	2.86
	0.82
	0.09

	TN
	30
	9050
	4410
	2.46
	0.72
	0.16

	TS
	26
	3600
	2060
	2.54
	0.78
	0.13

	TV
	33
	8550
	7670
	2.49
	0.71
	0.14

	Mean±S.D.
	28.5 ± 3.20
	5163 ± 2507 
	3813 ± 
1954
	2.65 ± 0.18
	0.79 ± 
0.05
	0.12 ± 0.03



3.2. Density of saplings (> 20 cm-< 10 cm gbh) 

A sum of 38130 saplings was encountered from study area. Sapling density ha-1 ranged from 1560 to 7670 plants ha-1. Of ten study sites, site JI had minimum number of saplings (1560 plants ha-1), whereas the site TV harboured the maximum (7670 plants ha-1). The mean sapling density was 3813 ± 1954 plants ha-1 (Table 1).
In total, the site TV recorded maximum number of young plants (16220 plants ha-1) followed by PI (14110 plants ha-1), TN (13460 plants ha-1), while the site JI had least number of young plants (3530 plants ha-1) followed by AM (5070 plants ha-1) and TS (5660 plants ha-1) (Table 2).

Table 2. The ratios of young-mature plants in study area
	Site
	Species 
richness of young plant ha-1
	Species 
richness of mature plant ha-1
	Density
of young plant ha-1
	Density
of mature
plant ha-1
	Young-Mature plant ratio (Y/M)

	AU
	31
	31
	9350
	791
	11.90

	AM
	29
	30
	5070
	400
	12.68

	JI
	28
	28
	3530
	397
	8.89

	PK
	25
	25
	7880
	1084
	7.27

	PI
	25
	25
	14110
	955
	14.78

	PM
	25
	26
	5690
	638
	8.92

	TM
	33
	33
	8790
	523
	16.81

	TN
	30
	30
	13460
	957
	14.07

	TS
	26
	26
	5660
	517
	10.95

	TV
	33
	34
	16220
	1337
	12.13

	Mean±S.D.
	28.5 ± 3.20
	28.8 ± 3.3 
	8976 ± 4308
	759.9  ± 317.5
	11.84 ± 2.94





The contribution of individual species’ to site young plant density varied considerably. In AM, Garcinia spicata had high young plant density (770 plants ha-1) followed by Pongamia pinnata (630 plants ha-1) and Syzygium cumini (540 plants ha-1). Maytenus emarginata represented with least number of individuals (20 plants ha-1) followed by Borassus flabellifer and Manilkara hexandra (each 30 plants ha-1).
In AU, the characteristic species Memecylon umbellatum contributed the maximum (3070 plants ha-1) to site young plant density followed by Diospyros montana (690 plants ha-1) and Syzygium cumini (680 plants ha-1). Species such as Ficus benghalensis, Chionanthes zeylanica, Flacourtia indica and Borassus flabellifer contributed 0, 10, 10 and 20 plants ha-1 to site young plant density, respectively.
Of 3530 plants ha-1, Syzygium cumini constituted the highest (660 plants ha-1) followed by Atalantia monophylla (420 plants ha-1) and Glycosmis mauritiana (290 plants ha-1) whereas species such as Crateva magna, Ficus benghalensis and Ficus hispida contributed 20 plants ha-1 each to site young plant density in JI.
Memecylon umbellatum (3300 plants ha-1), Diospyros ebenum (2130 plants ha-1) and Diospyros ferrea (1940 plants ha-1) had maximum share, while species such as Ficus benghalensis (20 plants ha-1), Borassus flabellifer (40 plants ha-1) and Flacourtia indica (80 plants ha-1) had minimum share in site young plant density at PI.
The characteristic, abundant species Memecylon umballatum represented with large number of young plants (2380 plants ha-1) followed by Canthium dicoccum (880 plants ha-1) and Diospyros ferrea (680 plants ha-1). Canthium coromandelicum, Borassus flabellifer and Catunaregam spinosa and Breynia vitis-idaea respectively had 10, 20, and 30 young plants ha-1 in PK.
Memecylon umbellatum (1790 plants ha-1), Garcinia spicata (490 plants ha-1) and Atalantia monophylla (470 plants ha-1) had high number of young plants, while Ficus benghalensis (0 plants ha-1), Canthium coromandelicum and Flacourtia indica (each 20 plants ha-1) had low number of individuals in PM.
Of 8790 young plants recorded Garcinia spicata (2120 plants ha-1), Atalantia monophylla (890 plants ha-1), Syzygium cumini (740 plants ha-1), Diospyros ferrea (640 plants ha-1) and Benkara malabarica (510 plants ha-1) contributed more than 500 young individuals to site density in TM. While Diospyros ebenum (10 plants ha-1), Securenega leucopyrus (20 plants ha-1), and Catunaregam spinosa (20 plants ha-1) recorded least densities.
The abundant and characteristic species Memecylon umbellatum had greater number of young plants (4670 plants ha-1) followed by Glycosmis mauritiana (2090 plants ha-1) and Syzygium cumini (1100 plants ha-1), whereas Lepisanthes tetraphylla (20 plants ha-1), Ficus benghalensis (30 plants ha-1) and Pavetta indica (50 plants ha-1) contributed lesser densities to  young plant community in TN.
In TS, Memecylon umbellatum (1390 plants ha-1), Garcinia spicata (1320 plants ha-1) and Glycosmis mauritiana (530 plants ha-1) formed half of a young plant community, on the other hand Premna latifolia (10 plants ha-1), Canthium dicoccum (30 plants ha-1) and Lepisanthes tetraphylla (30 plants ha-1) together constituted < 2% of young plant community.
Memecylon umbellatum (4670 plants ha-1), Garcinia spicata (2550 plants ha-1) and Tarenna asitaica (1690 plants ha-1) had large number of young plants, whilst Euphorbia antiquorum, Ficus benghalensis and Borassus flabellifer together had just 20 individuals in site TV.
The mean young plant density obtained in study sites (mean = 8976 plants ha-1) is comparable with Deb and Sundriyal (2011), they recorded 8619 young plants ha-1 (mean) in Indian tropical forests; Hossain (1994) found 8928 young plants ha-1 in a dry forest at Bangladesh. Young plant density of this study is very low compared to Tripathi et al. (2008), who recorded 51,200-96,900 young plants ha-1 in tropical evergreen forests of Meghalaya, India; Deb and Sundriyal (2008) recorded 17,648 and 16,110 young plants ha-1 in two tropical evergreen forests of Arunachal Pradesh; Induchoodan (1993) found 12,000-64,000 young plants ha-1 in tropical wet evergreen forests of Kerala, south India; Teketay (1997) documented 16,290 and 32,650 young plants ha-1 in two dry Afromontane forests in Ethiopia; Aravena et al. (2002) recorded 38,000 to 76,000 young plants ha-1 in a temperate evergreen forest, Chile; Donoso (1989) found 3,18,000 young plants ha-1 in coastal forests of Chile; Donoso (1989) recorded 1.697 million young plants (including herb species) in Andes; and, Donoso and Nyland (2005) documented an average of 15,298 young plants ha-1 in seven evergreen forests of Chile. 
However, the mean young plant density recorded in this study is higher than in temperate evergreen forest of Chile (837 young plants ha-1; Armesto and Fuentas, 1988); tropical evergreen forest of Eastern Ghats, Tamil Nadu (range = 252-624; mean = 484.25 ha-1; Chittibabu, 2002); tropical semi-evergreen forest of Shervarayan hills, Tamil Nadu (range = 143-250; mean = 183.5 ha-1; Kadavul, 1999); and tropical semi-evergreen forest of Arunachal Pradesh (692 ha-1; Deb and Sundriyal, 2008).  
	A large number of factors affect young plant density in forests. Frugivores have direct relationship with seed germination, seedling density and survival (Lieberman and Lieberman, 1986). Dispersal modes such as scatter-dispersal and clump-dispersal largely influence young plant density (Howe, 1989). Seed predators, pathogens and herbivores are also play crucial roles in young plat density. In addition, density and size of frugivores that depends fruits for their food affects young plant density (Janson, 1983; Gautier-Hion et al. 1985). Largely, forest-gaps enhance seeding density and survival (Janzen, 1970; Connell, 1971). Removal of fruit-bearing trees, hunting frugivores that depends fruits for their nutrition are also affect seedling density in forests (Howe, 1989).

3.3. Loss of individuals to developmental stages

Total number of individuals (seedlings + saplings + mature plants) recorded in sites varied considerably across sites (range = 3927 to 17557 individuals ha-1). On an average, each study site had 52.94 ± 5.42% (range = 45.67-62.77%) of seedlings, 38.87% (mean = 30.59-43.69%) of saplings and 8.19% (range = 5.61-10.11%) of mature trees. Present investigation recorded a net loss of 3.11 to 43.78% seedlings during seedling-sapling transition stage, and loss of 66.44 to 84.4% saplings in developmental phase from saplings to trees. Survival rate of seedlings ranged from 5.61 to 12.10% (Table 3). These findings are in contrast with Deb and Sundriyal (2008). They recorded plant communities with 73, 25 and 2% of seedlings, saplings and mature trees in evergreen forests at Arunachal Pradesh, India. Further, they recorded a net loss of 10-50% seedlings and 21-30% of saplings during transition stages. Several factors including soil moisture (Mueller-Dombois et al. 1980; Teketay, 1997), light intensity (Lieberman et al. 1990; Whitmore et al. 1990), and soil nutrient availability (Ceccon et al. 2003) have been found to play crucial roles in seedling development and survival. Our study sites experiencing 4-6 dry months in a year, hence soil moisture could play a vital role in seedling survival. In addition, present study sites have poor nutrient soils, thus soil nutrient may also play major roles in seedling survival. However, no studies have been conducted on effects of these factors on seedling survival in TDEFs. Studies with long term monitoring are needed to pinpoint the effects of biotic and abiotic environment on seed germination and seedling survival. Biotic factors such as concentration of pathogens, herbivores, and frugivores are also play crucial roles in seedling survival in forests. So for no studies have been conducted to elucidate impacts of biotic factors on seed deposition, germination and survival in TDEFs, hence studies on these vital parameters are needed to elucidate the relationship between seed and biotic factors, and seed and abiotic factors. 

Table 3. Density and net loss of individuals during transition from seedling-sapling and sapling-mature phases in study area.
	Site code
	Seedling 
density (%)
	Net loss (%)
	Sapling 
density (%)
	Net loss (%)
	Mature 
trees (%)

	AU
	4930 (48.60)
	10.35
	4420 (43.60)
	82.10
	791 (7.80)

	AM
	3230 (59.06)
	43.04
	1840 (33.64)
	79.26
	400 (7.30)

	JI
	1970 (50.17)
	20.81
	1560 (39.72)
	74.55
	397 (10.11)

	PK
	4650 (51.87) 
	30.54
	3230 (36.03)
	66.44
	1084 (12.10)

	PI
	7990 (53.04)
	20.40
	6120 (40.62)
	84.40
	955 (6.34)

	PM
	2890 (45.67)
	3.11
	2800 (44.25)
	77.21
	638 (10.08)

	TM
	4770 (51.22)
	15.72
	4020 (43.17)
	87.00
	523 (5.61)

	TN
	9050 (62.77) 
	51.27
	4410 (30.59)
	78.30
	957 (6.64)

	TS
	3600 (58.28)
	43.78
	2060 (33.35)
	74.90
	517 (8.37)

	TV
	8550 (48.70)
	10.29
	7670 (43.69)
	82.57
	1337 (7.61)

	Mean
	5163 (52.94)
	24.93
	3813 (38.87)
	78.67
	759.9 (8.20)

	S.D.
	2507 (5.42)
	16.44
	1954 (5.07)
	5.89
	317.5 (2.00)




3.4. Species richness

Species richness of young plants ha-1 varied from 25 to 33 in study area. The mean species richness of study area was 28.5 ± 3.20 species ha-1. The site TV and TM had maximum number of species (each 33 species ha-1) followed by AU (31 species ha-1) and TN (30 species ha-1), whereas the sites PI, PK and PM hold least number of species (each 25 species ha-1) (Table 1).
Species richness of young plants (mean = 28.5 species ha-1; range 25-33 species ha-1) inventoried in this study is low compared to tropical forests of Bangladesh (39, 52 species; Hossain, 1994); dry Afromontane forests of Ethiopia (40-41 species ha-1; Teketay, 1997); evergreen forests of northeast India (range 36-72 species ha-1; Deb and Sundriyal, 2011); tropical evergreen forests of Arunachal Pradesh (44-87 species ha-1; Deb and Sundriyal, 2008);  and, evergreen forests of Eastern Ghats, south India (30-36; Chittibabu, 2002). However, species richness of young plants obtained in this study is high compared to old-growth evergreen forests of Chile and tropical semi-evergreen forest of Arunachal Pradesh. Donoso and Nyland (2005) recorded 10-16 young plant species ha-1 in seven evergreen forests in Chile. Deb and Sundriyal (2008) found 20 young plant species ha-1 in a semi-evergreen forest of Arunachal Pradesh. On the other hand, species richness of young plant ha-1 recorded in this study is comparable with semi-evergreen forests of Shervarayan hills, south India (24-27 species ha-1; Kadavul, 1999). 
More than 90% of matured tree species had representation in seedling as well as sapling in study sites. This result suggests that study area shows good regeneration. However, Ficus benghalensis not occurred as either seedling or sapling in AU, PM and TV, Euphorbia antiquorum did not represent as young plants in TV. These findings suggest that this two species could lose their place in these forests very soon because they did not represent in any of four recognised height class in this study. It is well known that a species must occur in substantial number as seedling and sapling to ensure its continuous survival in the community (Khan et al. 1987; Taylor and Zisheng, 1988).

3.5. Diversity

Among ten sites, AM recorded the highest Shannon index (H) value (H = 2.96) while, TN showed the least value (H = 2.46). The mean Shannon diversity index (H) was 2.65 ± 0.18 (Table 1). As to Shannon equitability index (H’), the site AM had the maximum value (H’ = 0.88) and TV had the least value (H’ = 0.71). On an average, each site had 0.79 ± 0.05 of Shannon equitability index (Table 1). With regard to Simpson dominance index (D), the site TN had high (D = 0.16) followed by AU, PI and TV (D = 0.14 each), while AM (D = 0.07), JI (D = 0.08) and TM (D = 0.09) recorded low values (Table 1).
The mean Shannon diversity index (H) recorded for young plant communities in the study area (2.65 ± 0.18) is more or less equal compared to tropical evergreen (mean = 2.61; Chittibabu, 2002) and tropical semi-evergreen forests (mean = 2.54; Kadavul, 1999) of Eastern Ghats, Tamil Nadu. Likewise, the calculated average Simpson dominance index (D = 0.12 ± 0.03) is equal to tropical forests (tropical evergreen forest, mean = 0.12, Chittibabu, 2002; tropical semi-evergreen, mean = 0.13, Kadavul, 1999).
All the recorded species contributed differently to the total site density and abundance, hence found the differences in diversity indices across sites. Most of the species in the site AM contributed equally to the total site density than in other sites thus secured a higher Shannon equitability index (0.88).
It has been recognised that the lower the Simpson dominance index (D) value, the higher the community is diverse. Therefore, the site AM is relatively more diverse than other sites in study area. In site AM, large number of species contributed equally to total density than species did in remaining sites. If one or few species are dominant in ecosystem then it is regarded as less diverse. While, if several species have relatively similar abundance then it is recognised as high diverse ecosystem. It has been widely accepted that the forests of high species diversity are relatively healthier than forests of poor species diversity (McPherson and Rowntree, 1989; Thaiutsa et al. 2008). In this study, forest sites showed relatively unhealthy diversity, top five species constituted about 53.06 % of tree density in site AM, 59.68% in site AU, 51.27% in JI, 61.93% in PK, 64.07% in PI, 62.57% in PM, 55.75% in TM, 69.39% in TN, 65.19% in TS, and 71.21% in the site TV.

3.6. Young-Mature plant ratios

On an average, each mature individual had 11.84 ± 2.94 young plants in study area. Young-mature plant ratios differed from 7.27 to 14.78. The site PK had least value of Y/M ratios (7.27) while PI holds highest Y/M ratios (14.78) (Table 2).
Disturbances (manmade, browsing animals, pathogens etc.) play critical roles in seed deposition, germination, growth, survival and density. Of various disturbances, anthropogenic activities such as fruit, seed and seedling collection, forest clearance are widely reported as important factors that largely affect young plant density of forests. It is documented that each year the local people remove the ground flora during festival to sit and sleep on the forest floor at JI, PK, and PM; this severe disturbance reduced ratios of young-mature plants in these sites. Site PK recorded least ratios of young-mature plant as 7.27 followed by JI (8.89) and PM (8.92) (Table 2). Local people collect seeds for edible and medicinal purposes, gardeners collect seed and seedlings for sales. Seedling collection and browsing of domestic animals are evident and operative in AU and TS, these activities could contribute to reduction of young plant density in these sites. Earlier, cattle browsing has been reported as an important factor that reduced density of seedlings and saplings in semi-evergreen forests of Eastern Ghats, south India (Kadavul, 1999). Several researchers including Augspurger, (1984), Augspurger and Kelly (1984); Johns and Skorupa (1987), Barker and Kirkpatrick (1994), Gerhardt (1984), Chapman and Chapman (1997) found external disturbances such as heavy logging and animal browsing as influencing factors in regeneration and density of species in forests. Disturbances are very low or absent in sites AU, AM, PI, TM, TN and TV hence these sites recorded high ratios of young-mature plants.

3.7. Relationship between mature and young plant

The density of adult plants (≥ 10 cm gbh) had a positive relationship with the density of young plants (< 10 cm gbh). The relationship between young and mature plant density showed a positive and strong correlation in study sites. Value of correlation coefficient of determination was r2 = 0.71 (p<.0001) (Figure 2).
Invariably in all the sites density of mature plants positively correlates with density of younger plant community. Hence, densities of mature trees determine density of young plant communities in these forests. A large number of biotic and abiotic factors determine seed deposition, germination, seedling development and survival. Till date no studies have been conducted to reveal factors that influence population structure and survivability of young plants in TDEFs. 



Figure 2. Relationship between young and adult plant density in study area.
3.8. Population structure of predominant species

Four of six pre-dominant species showed expanding population structure. Drypetes sepiaria recorded an expanding population structure in PI and PK, while in PM the species’ showed a disturbed population structure. Similarly, Garcinia spicata recorded undisturbed population structure in PM, TS, and TV, whilst showed a disturbed population structure in TM (Figure 3).
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Figure 3. Young plant density of predominant species in study area.


If a species have satisfactory number of plants in all three developing categories namely, seedlings, saplings and young trees then it shows expanding regeneration structure, whereas insufficient number of plants in any of the above said three categories signifies the poor regeneration.
Throughout the world researchers found many biotic and abiotic factors as influencing factors in the developmental dynamics of plant population and community. For example the interaction between density of frugivores (biotic) and abundance of fruits, level and occurrence of disturbances decide the population size of juveniles and mature trees in the forest community (Armesto and Pickett, 1985; Khan et al. 1987; Mishra et al. 2004).
Invariably, density of seedlings (< 20 cm) was greater than saplings (> 20 to < 10 cm gbh) in all the sites. The transition from seedlings to saplings is crucial for species. Plants which successfully emerge as saplings can have better chance to survive in forest community than seedlings.
When considered all four height classes together, seven sites AM, AU, PI, PK, TN, TN and TV showed good regeneration, while three sites JI, PM and TS exhibited a disturbed regeneration structure (Figure 4). In site JI second height class < 20 cm had less number of individuals (450) than in third (490) and fourth categories (620). Site PM had large number of plants in third category (41-100 cm; 1070 plants) than in second and fourth height classes. While, in TS the fourth category (> 100 - <10 cm gbh) had huge number of plants compared to second (640) and third height (590) classes. The disturbed population structure clearly indicating that disturbances (natural or manmade) are active in these sites. Of ten study sites, seven sites had a reverse J shaped population structure curve. Undisturbed population structure signifying that there are no disturbances are operative in these sites. 
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Figure 4. Height class-wise distribution of young plants in study area

3.9. Regeneration status

The proportion of species showed good, fair, poor and no regeneration varied considerably among study sites. Of four regeneration classes, two classes good and poor had species in all ten sites, while no species showed fair regeneration in study area. Single species’ in PM and two species in TV showed no regeneration (Table 4).

Table 4. Regeneration status of species in study area.
	
Site
	Regeneration status

	
	Good 
	Fair
	Poor
	No regeneration

	AM
	9
	0
	20
	0

	AU
	10
	0
	21
	0

	JI
	14
	0
	14
	0

	PI
	10
	0
	15
	0

	PK
	14
	0
	11
	0

	PM
	9
	0
	16
	1

	TM
	9
	0
	24
	0

	TN
	8
	0
	22
	0

	TS
	9
	0
	17
	0

	TV
	13
	0
	18
	2



It has been recognised that the information on regeneration status of a forest is an important tool in understanding of present and its future plant population, and as well as existing disturbance level (Kennard et al. 2002). In addition, it has been showed that quantification of density of young plants is important to identify the principal species, its persistence and capability of maintaining its dominance in subsequent generations (Martijena and Bullock, 1994). Moreover, composition of future vegetation could be predicted on the basis of the existing regeneration stand composition (Swaine and Hall, 1988; Jayasingam and Vivekanantharaja, 1994).
In AM, a total of 15 species shows disturbed population structure. According to young plant density, Garcinia spicata dominated the forest’s understory followed by Pongamia pinnata and Syzygium cumini. This pattern shows that these three species may dominate the forest canopy in near future. All these species have less than 30 individuals in over-story. The dominant adult species Pterospermum canescens and Glycosmis mauritiana will lose their dominance in the future because these species have lesser number of juveniles than many other regenerating species. In addition, local people selectively cut branches of Pterospermum canescens to use as fuel wood. It is noted that local people collect leaves of Glycosmis mauritiana for medicinal purposes, in this way people limit the regeneration of G. mauritiana. Due to greater levels of extraction, preferred species possibly become rarer in forest sites (Hare et al. 1997). Earlier, the scarcity of young plants of few of the primary woody species has also been reported from tropical forests of Ghana (Swaine and Hall, 1988).
Similar to the site AM, in site AU also 15 species show somewhat disturbed population structure. When considered population structure of all species and height classes together this site shows expanding population structure. Young plant density of the dominant, characteristic species Memecylon umbellatum ensuring its dominance in the forest. This species represented in all the four height classes with good number of individuals. Canthium dicoccum would lose its dominance in the future because Diospyros montana and Syzygium cumini have more number of young plants than C. dicoccum. Species which are absent in any of four height categories could miss their place in forest in the future. 
Overall, the site JI shows a disturbed population structure. Of 28 young plant species 16 shows expanding population structure.  With good number of growing individuals Atalantia monophylla make sure its dominance. While, having less number of young plants two predominant species namely, Borassus flabellifer and Glycosmis mauritiana could lose their dominance in future. With large number of individuals Syzygium cumini dominating the forest floor hence this species could become a predominant one in future.
Among 25 young plant species, only four showing disturbed population structure in PI. By having greater number of individuals in growing population four predominant species Diospyros ebenum, D. ferrea, Drypetes sepiaria and Memecylon umbellatum ensure their dominance in forest. Aglaia elaegnoidea and Canthium dicoccum may become pre-dominants or co-dominants in future.  
Nearly, one third of species are showing disturbed population structure in PK. The unique, characteristic predominant species Memecylon umbellatum secures its predominance with 2380 individuals of young plants in understory. A Rutaceae member Atalantia monophylla could become a predominant species in future because it has large number of young plants than few predominant species.
Approximately, two thirds of species displays disturbed population structure in PM. Interestingly a predominant species Drypetes sepiaria has disturbed population structure. When considered density of all four height classes together the site shows a non-expanding population structure. The characteristic species of TDEF Memecylon umbellatum exhibits expanding population structure with 1790 individuals in forest floor. Among four predominant species Drypetes sepiaria could miss its predominance in future. Atalantia monophylla may compete with pre-dominants to become one of the pre-dominants in future.
In site TM, nine species showing disturbed population structure. With good number of individuals in all the four height classes’ predominant species (three species) conserve their predominance. Edible fruit yielding Syzygium cumini could become a predominant species along with other two species namely, Benkara malabarica and Azadirachta indica.
Of 30 species recorded nine species do not have representatives in either first or second or third height classes in site TN. This finding signifies that these species could lose their places in future. All the three predominant species hold their future predominance with ample number of young plants. However, three species Canthium dicoccum, Diospyros ebenum and Syzygium cumini may compete with pre-dominants to dominate forest’s future canopy.
A half of the species are not having representatives in first or second or third height classes in site TS. By having plentiful number of young plants the two predominant species Garcinia spicata and Memecylon umbellatum may continue their predominance. Atalantia monophylla and Pterospermum canescens could lose their predominant status in the future; these two have less number of younger individuals than Glycosmis mauritiana. Due to good representation of individuals in all the four height categories G. mauritiana could become a predominant one in the future.
Fourteen species did not have representatives in either first or second or third height classes in site TV. With 4670 young plants the unique, characteristic species Memecylon umbellatum conserves its predominance. All the four predominant species have good number of individuals in all the four height classes. With just 28 matured individuals in the canopy Syzygium cumini has 1530 younger individuals in forest’s growing young plant community, with this enormous amount of seedlings and saplings this species could become a predominant one in the future.        
Previously, Swaine and Hall, (1988) and Henle et al. (2004) found that the composition of growing younger plant community would specify the composition of upcoming vegetation, however over a period of time the changing environment could invalidate the effect. Further, they stated that in the lack of natural calamities such as flood, cyclone, forest fire etc. the young plants will progressively form the future forest canopy. 
In all our study plots, composition of species in over-stories is similar to that of young plant layers. This result is not in-line with that of Uhl and Murphy (1981), Jones et al. (1994), Richards (1996) and Deb and Sundriyal (2008). They found that species composition of juveniles in the forest floor differed from their respective over-stories. Total forest area of current study sites ranged from 1.1 to 2.7 ha, smaller forest areas and fragmentation could limit seed deposition of other species which are not recorded in study plots. Earlier, Teketay (1997) found fragmentation and lack of long distance seed dispersal as crucial factors that block establishment of other species.

4. Conclusion

Density, diversity and species richness of young plants recorded in the study area is comparable with world’s dry as well as evergreen forests. Due to anthropogenic disturbances three of ten sites showed a disturbed population structure in study area. With sufficient number of young plants Memecylon umbellatum conserves its predominance in seven sites. Due to disturbed population structure, some of the current predominant species may miss their predominance in future. On the other hand, a small proportion of species may compete with existing predominant species to become as dominants with large number of representations in young plant communities. Till date, studies have not been conducted in TDEFs to reveal relationships among density of young plants and biotic, abiotic factors. Thus, considerable amount of research is needed to address factors that influence seed set and maturation, seed dispersion and deposition, seed germination, seedling development and survival. A long term monitoring study is needed to assess strategies of seedling survival in TDEFs.
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