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ABSTRACT

	Aims: Assessment of tree community fruit fall in selected tropical dry evergreen forest (TDEF) sites flourishing in southern Coromandel Coast of Tamil Nadu.
Study design:  Quantitative field study.
Place and Duration of Study: Nagapattinam and Tiruvarur districts in Tamil Nadu, One year.
Methodology: A fruit fall estimation study was conducted in three tropical dry evergreen forest sites along the southern Coromandel Coast for a period of one year from January to December. Among three sites, Jambavanodai (JI) and Thillaivilagam (TV) belonged to Thiruvarur district while the site Pushpavanam (PM) belonged to Nagapattinam district a part of southern Coromandel Coast in Tamil Nadu. A 100m × 100m square plot (1-ha) was marked in each of the three sites. One hectare plot was divided in to a twenty-five 20m × 20m sub plots. At the center of each sub-plot a 50 cm × 50 cm square sample plot was marked with locally available pebbles (total 25 sub plots). Stone-block lined denuded type of quadrats was used to collect fallen fruits. Fallen fruits were collected from sample plot fortnightly for the period of one year. Collected samples were separated in to species level. Samples were kept in hot air-oven at 80 °C for 48 h to bring them to constant weight.
Results: Tree community fruit fall of the study area was estimated at1126.39 kg fruits (dry weight; mean 375.46 ± 144.44 kg fruits ha-1 yr-1). In total, fleshy fruits contributed a larger proportion to site fruit fall compared to dry fruits. The fruit fall occurred throughout the year in all the sites while the event peaked during September (close to the monsoon). A significant, positive relationship prevailed between mean monthly temperature and fruit fall in all the three sites. Similar to temperature, mean monthly rainfall also had a positive relationship with fruit fall.
Conclusion: The relationships found between rainfall and fruit fall, and temperature and fruit fall are concurred with earlier findings. This study provides considerable quantity of information on forest tree fruit fall to ecological database of Indian TDEF.



Keywords: dry fruit; fleshy fruit; lowland forests; rainfall; temperature

1. INTRODUCTION

The well-developed ovary or ovaries together, often with adjacent floral organs and other plant parts form fruits. The fruit is the product of the entire gynoecium and any floral parts associated with the gynoecium in the fruiting stage. Production of fruits and seeds are essential for plants to continue their presence in ecosystems (Bas et al. 2005). Fruit production is important not only for the plant but also for animals. The fruit helps the plant in numerous ways. In general, the fruit protects seeds from unfavorable climatic circumstances, and animals. Fruits are rich in sugar, vitamins and other vital minerals. Largely herbivores and omnivores rely on fruits for their complete or part of nutrition. Plants provide fruits to frugivores, in turn frugivores aid in the dispersal of seeds thereby the plants acquire an opportunity to establish life elsewhere in a favorable environment (Janzen 1970, 1971, 1972; Howe 1986; Garcia 1998). If the seeds are not dispersed, then they would fall under mother plant and not to be carried out to a habitat conducive to germination, growth, and development (Janzen 1970; Hanya et al. 2006). The nutritive tissue surrounding the seeds (fruit pulp) is a vital foodstuff for frugivores, especially birds and mammals (Howe 1986). Fruit tissues attract dispersers, after consuming fruit tissues dispersers release the seeds. Through decay process, fleshy fruits add organic acids to the soil thereby provide a favorable environment for seed germination (Pandey 1995). It is evident that natural regeneration of many species is strongly depends on animal seed dispersals (Jordano 2000).
Quantification of forest fruit fall is one of the easiest practical methods available to examine fruit availability in forest ecosystems (Hanya and Aiba 2010a). Likewise, forest fruit availability is an important factor in recognizing biomass and community composition of fruit eating animals (Hanya et al. 2006; Kissling et al. 2007). In addition, forest fruit fall data is essential for recognizing geographic difference in propagule output of trees in forests and for quantifying regenerative ability of these forests after natural and manmade catastrophes (Terborgh 1990). Swamynathan and Parthasarathy (2005) recognized that information on quantity and seasonal variation of fruit productions and fruit-frugivore interactions as essential factors to understand the frugivore community. Generally, frugivores favor fleshy fruits over dry fruits, thus information on fleshy fruit production is essential to understand interaction between frugivores and fruits (Chapman et al. 1994). Whereas in the case of dry fruits the wind helps in the dispersion. According to Lugo and Frangi (1993) quantitative information will be of great importance in the construction of conservation and ecosystem management (Lugo and Frangi 1993; Swamynathan and Parthasarathy 2005). In addition, data on fruit fall patterns are also crucial to maintain integrity and long-term survival of forest ecosystems (Janzen 1971, Hanya et al. 2011).
A survey on available literature showed that studies on forest fruit fall has been very limited in India compared to many other Asian countries and rest of the world. Tropical dry evergreen forest (TDEF) occupies 229 km2 in 11 districts in Tamil Nadu, however, very few researchers have studied the annual forest fruit fall (Udayakumar and Parthasarathy 2010). Arul-Pragasan and Parthasarathy (2005) studied fruit fall in two TDEF sites in Villupuram district. Swamynathan and Parthasarathy (2005) recorded fruit fall in two TDEF sites in Cuddalore district. As information on fruit fall of TDEF is limited, the present study was undertaken to quantify the tree community fruit fall in three TDEF sites (one site in Nagapattinam district, two sites in Tiruvarur district) along the Coromandel Coast in Tamil Nadu. TDEF is one of the under-studied, unique and endangered ecosystems in the Indian sub-continent. The study has the following objectives: a) estimation month-wise fruit fall of trees in three TDEF sites; b) prediction of the relationship between rainfall and fruit fall, and, temperature and fruit fall; and c) quantification of the difference between mean annual fruit fall among study sites.

2. material and methods

2.1. Study area and Field survey

A fruit fall estimation study was conducted in three tropical dry evergreen forest sites along the southern Coromandel Coast for a period of one year from January to December. Among three sites, Jambavanodai (JI) and Thillaivilagam (TV) belonged to Tiruvarur district (rainfall range 1000-1200 mm yr-1; mean annual temperature = 28.8 °C), while the site Pushpavanam (PM) belonged to Nagapattinam district (rainfall range 1200-1400 mm yr-1; mean annual temperature = 27.6 °C) in southern Coromandel Coast. The three sample sites have been selected to represent three different tree densities viz., low, medium and high. The site JI had least tree density (397 trees ha-1), PM harbors moderate density (638 trees ha-1), while TV supports highest tree density (1337 trees ha-1) among 16 sites surveyed (Udayakumar 2011). A 100m × 100m square plot (10000 m2; 1-ha) was marked in each of the three sites. One hectare plot was divided in to a twenty-five 20m × 20m sub-plots. At the center of each sub-plot a 50cm × 50cm square sample plot was marked with locally available pebbles (total 25 sub-plots). Stone-block lined denuded type of quadrats was used to collect fallen fruits (Rai and Srivastava 1992; Visalakshi 1993, Swamynathan and Parthasarathy 2005). Fallen fruits were collected from sample plot fortnightly for the period of one year. Collected samples were separated in to species level. Samples were kept in hot air-oven at 80 °C for 72 h to bring them to constant weight.

2.2. Data analyses

Karl Pearson’s simple correlation test was used to find out the relationship between fruit fall and environmental factors (temperature and rainfall), while Student t test was employed to verify the correlation coefficient (r) values. The t test was also used to check out whether there is any significant difference exists in fruit production between sites.

3. results and discussion

3.1. Fruit fall

Overall, the trees in study area produced 1126.39 kg of fruits (dry weight) (Table 1). On average, each site produced 375.46 ± 144.44 kg fruits ha-1 yr-1. The site TV produced maximum amount of fruits (526.67 kg ha-1 yr-1) followed by JM (360.83 kg ha-1 yr-1) and PM (238.9 kg ha-1 yr-1). There was no significant difference found between fruit production of JM and PM (t22 = 0.86, P > 0.10), as well as JI and TV (t22 = -1.07, P > 0.10). However, a significant difference was observed between site fruit fall of TV and PM (t22 = 3.36, P < 0.005).

Table 1. Density (trees ha-1) and fruit fall (g ha-1 yr-1) of tree species recorded in three TDEF sites located on the southern Coromandel Coast, peninsular India.

	Binomial
	Family
	JI 
Stem density ha-1
(Fruit fall g ha-1 yr-1)
	PM
Stem density ha-1 
(Fruit fall g ha-1 yr-1)
	TV
Stem density ha-1 
(Fruit fall g ha-1 yr-1)
	Grand total
Stem density (3 ha)
(Fruit fall, g)

	Albizia lebbeck
	Mimosaceae
	1 (195)
	-
	6 (1020)
	7 (1215)

	Allophylus serratus
	Sapindaceae
	-
	-
	5 (325)
	5 (325)

	Atalantia monophylla
	Rutaceae
	62 (24,675)
	23 (10,051)
	7 (2765)
	92 (37,491)

	Azadirachta indica
	Meliaceae
	2 (420)
	1 (240)
	1 (225)
	4 (885)

	Benkara malabarica
	Rubiaceae
	2 (320)
	11 (1760)
	10 (1600)
	23 (3680)

	Borassus flabellifer
	Arecaceae
	64 (2,43,200)
	-
	20 (59,000)
	84 (3,12,200)

	Breynia vitis-idaea
	Euphorbiaceae
	-
	-
	6 (0)
	6 (0)

	Calophyllum inophyllum
	Clusiaceae
	1 (75)
	-
	2 (190)
	3 (265)

	Canthium coromandelicum
	Rubiaceae
	1 (83)
	1 (0)
	6 (618)
	8 (701)

	Canthium dicoccum
	Rubiaceae
	26 (3250)
	62 (10,540)
	7 (875)
	95 (14,665)

	Carmona retusa
	Boraginaceae
	-
	1 (0)
	-
	1 (0)

	Cassia fistula
	Caesalpiniaceae
	-
	15 (4275)
	8 (2280)
	23 (6555)

	Commiphora caudata
	Burseraceae
	-
	-
	1 (0)
	1 (0)

	Crateva magna
	Capparidaceae
	4 (0)
	-
	-
	4 (0)

	Diospyros ferrea
	Ebenaceae
	-
	31 (6448)
	14 (1918)
	45 (8366)

	Drypetes sepiaria
	Euphorbiaceae
	1 (0)
	51 (10,812)
	17 (2669)
	69 (13,481)

	Ehretia pubescens
	Boraginaceae
	-
	9 (0)
	-
	9 (0)

	Euphorbia antiquorum
	Euphorbiaceae
	-
	-
	6 (0)
	6 (0)

	Ficus benghalensis
	Moraceae
	8 (7200)
	1 (900)
	-
	9 (8100)

	Ficus hispida
	Moraceae
	12 (2940)
	1 (190)
	7 (1330)
	20 (4460)

	Flacourtia indica
	Flacourtiaceae
	-
	2 (0)
	5 (0)
	7 (0)

	Garcinia spicata
	Clusiaceae
	14 (7350)
	59 (30,975)
	350 (1,83,750)
	423 (2,22,075)

	Glycosmis mauritiana
	Rutaceae
	66 (9372)
	23 (5658)
	115 (23,805)
	194 (38,835)

	Gmelina asiatica
	Verbenaceae
	3 (513)
	5 (1015)
	-
	8 (1528)

	Ixora pavetta
	Rubiaceae
	3 (365)
	24 (4056)
	8 (1056)
	35 (5477)

	Lannea coromandelica
	Anacardiaceae
	2 (6600)
	9 (31,050)
	8 (26,400)
	19 (64,050)

	Lepisanthes tetraphylla
	Sapindaceae
	24 (18,960)
	12 (13,200)
	10 (8500)
	46 (40,660)

	Madhuca longifolia
	Sapotaceae
	2 (1410)
	-
	-
	2 (1410)

	Manilkara hexandra
	Sapotaceae
	1 (376)
	28 (10,528)
	-
	29 (10,904)

	Maytenus emarginata
	Celastraceae
	4 (820)
	7 (1575)
	11 (2475)
	22 (4850)

	Memecylon umbellatum
	Melastomataceae
	9 (2007)
	234 (67,392)
	561 (1,61,568)
	804 (2,30,967)

	Morinda coreia
	Rubiaceae
	-
	-
	5 (310)
	5 (310)

	Ochna serrata
	Ochnaceae
	7 (609)
	-
	-
	7 (609)

	Pamburus missionis
	Rutaceae
	-
	4 (528)
	3 (366)
	7 (894)

	Pavetta indica
	Rubiaceae
	-
	-
	6 (0)
	6 (0)

	Phyllanthus reticulatus
	Euphorbiaceae
	3 (0)
	-
	5 (0)
	8 (0)

	Pongamia pinnata
	Papilionaceae
	7 (945)
	-
	10 (1350)
	17 (2295)

	Pterospermum canescens
	Sterculiaceae
	-
	10 (23,550)
	-
	10 (23,550)

	Sapium insigne
	Euphorbiaceae
	-
	-
	1 (0)
	1 (0)

	Securenega leucopyrus
	Euphorbiaceae
	-
	-
	5 (0)
	5 (0)

	Streblus asper
	Moraceae
	31 (4340)
	-
	2 (350)
	33 (4690)

	Syzygium cumini
	Myrtaceae
	32 (24,800)
	1 (775)
	28 (21,700)
	61 (47,275)

	Tarenna asiatica
	Rubiaceae
	-
	13 (338)
	81 (19,440)
	94 (19,778)

	Thespesia populnea
	Malvaceae
	5 (0)
	-
	-
	5 (0)

	Sub-total
	-
	397 (3,60,827)
	638 (2,38,898)
	1337 (5,26,669)
	2372 (11,26,394)



The fruit fall occurred throughout the year in all sites (Table 2; Figure 1). The fruit fall was peaked during August (109.1 kg ha-1 yr-1) in JI, while the month of December recorded lowest fruit fall (4 kg ha-1 yr-1, Figure 2). The site PM recorded a maximum amount of fruit fall during May (hottest month of the year), while it was minimum in September (9.95 kg ha-1 yr-1) (Figure 3). Similar to PM, the site TV also recorded a highest fruit fall during May (79.57 kg ha-1 yr-1), and least in March (8.84 kg ha-1 yr-1) (Figure 4). A major proportion of Palmyra palm (Borassus flabellifer) fruit fall occurs in August that resulting a peak during August in JI.

Table 2. Month-wise fruit fall recorded in the study area.
	
	Site fruit fall (kg)
	
	

	Month
	JM
	PM
	TV
	Total fruit fall (kg)
	Percent of total fruit fall

	Jan
	2.9
	12.13
	33.77
	48.80
	4.33

	Feb
	4.1
	11.53
	20.23
	35.86
	3.18

	Mar
	6.8
	15.02
	8.84
	30.66
	2.72

	Apr
	17.9
	33.4
	14.44
	65.74
	5.83

	May
	19.1
	42.74
	79.57
	141.41
	12.55

	Jun
	14.7
	37.91
	71.13
	123.74
	10.98

	Jul
	79.5
	14.5
	39.87
	133.87
	11.88

	Aug
	109.1
	14.9
	39.17
	163.17
	14.48

	Sep
	95.5
	9.95
	59.03
	164.48
	14.60

	Oct
	4.2
	15.31
	55.95
	75.46
	6.70

	Nov
	4.2
	16.57
	55.23
	76.00
	6.74

	Dec
	4
	14
	49
	67.58
	5.99

	Total
	238.90
	360.83
	526.67
	1126.77
	100
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Figure 1. Month-wise fruit fall recorded in the study area.
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Figure 2. Month-wise fruit fall (kg ha-1 yr-1) of trees in Jambavanodai.
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Figure 3. Month-wise fruit fall (kg ha-1 yr-1) of tree species in Pushpavanam.
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Figure 4. Month-wise fruit fall (kg ha-1 yr-1) of tree species in Thillaivilagam.


	In total, fruit fall was peaked during September (close to monsoon) in study area (Figure 1). The month of September recorded a peak fruit fall (14.60%) followed by August (14.48%) and June (11.88%). While the month March had least quantity of fruit fall (2.72%) followed by February (3.18%) and January (4.33%; Table 2).
In study area the fleshy fruits contributed a larger proportion to site fruit fall compared to dry fruits. Fleshy fruits accounted for 84.45% in TV, 98.54% in JM, and, 83.29% in PM. Among the sites, dry fruits constituted a higher proportion of site fruit fall in PM (16.71%), followed by TV (15.55%) and JM (1.46%).
The number of species contributed to forest fruit fall varied across sites. A high of 27 species contributed to fruit fall in site TV, whereas 24, 22 species contributed to fruit fall at JI and PM, respectively. Likewise, number of species contributed > 5 kg fruits ha-1 yr-1 to site fruit fall varied across sites. Seven species produced > 5 kg fruits ha-1 yr-1 in JI (Table 3), 11 species in PM (Table 4), while it was eight in TV (Table 5).

Table 3. Month-wise fruit fall of selected species (fruit fall > 5 kg ha-1 yr-1) in site Jambavanodai.
	Fruit fall (kg)

	Species
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec
	Total

	Atalantia monophylla
	1.55
	2.17
	1.24
	6.51
	4.83
	-
	-
	-
	1.55
	2.17
	2.48
	2.17
	24.68

	Borassus flabellifer
	-
	-
	-
	-
	-
	-
	64.0
	96.0
	83.2
	-
	-
	-
	243.2

	Ficus benghalensis
	-
	-
	-
	-
	-
	-
	2.0
	2.8
	2.4
	-
	-
	-
	7.2

	Garcinia spicata
	0.77
	0.7
	-
	-
	-
	-
	-
	-
	1.4
	1.75
	1.4
	1.33
	7.35

	Glycosmis mauritiana
	-
	-
	0.99
	1.78
	3.63
	1.65
	1.32
	-
	-
	-
	-
	-
	9.37

	Lepisanthes tetraphylla
	-
	-
	2.4
	6.0
	6.96
	3.6
	-
	-
	-
	-
	-
	-
	18.96

	Syzygium cumini
	-
	-
	-
	-
	-
	4.8
	8.0
	6.4
	5.6
	-
	-
	-
	24.8



Table 4. Month-wise fruit fall of selected species (fruit fall > 5 kg ha-1 yr-1) in site Pushpavanam.
	Fruit fall (kg)

	Species
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec
	Total

	Atalantia monophylla
	0.62
	0.92
	0.58
	1.96
	2.65
	-
	-
	-
	0.60
	0.90
	0.97
	0.85
	10.05

	Canthium dicoccum
	1.55
	2.17
	2.80
	4.00
	-
	-
	-
	-
	-
	-
	-
	-
	10.54

	Diospyros ferrea
	0.47
	0.87
	1.18
	1.40
	2.33
	-
	-
	-
	-
	-
	-
	0.22
	6.45

	Drypetes sepiaria
	-
	-
	0.77
	2.81
	4.44
	1.79
	1.02
	-
	-
	-
	-
	-
	10.81

	Garcinia spicata
	3.25
	2.95
	-
	-
	-
	-
	-
	-
	5.90
	7.38
	5.9
	5.61
	30.98

	Glycosmis mauritiana
	-
	-
	0.39
	0.67
	2.07
	1.73
	0.81
	-
	-
	-
	-
	-
	5.66

	Lannea coromandelica
	-
	-
	-
	-
	-
	10.35
	9.90
	10.80
	-
	-
	-
	-
	31.05

	Lepisanthes tetraphylla
	-
	-
	1.20
	4.20
	4.80
	3.00
	-
	-
	-
	-
	-
	-
	13.20

	Manilkara hexandra
	-
	2.80
	3.75
	3.98
	-
	-
	-
	-
	-
	-
	-
	-
	10.53

	Memecylon umbellatum
	5.85
	-
	-
	-
	22.23
	19.89
	-
	-
	-
	4.68
	8.19
	6.55
	67.40

	Pterospermum canescens
	1.00
	1.50
	2.50
	12.0
	-
	-
	-
	1.50
	1.70
	1.20
	1.15
	1.00
	23.55



Table 5. Month-wise fruit fall of selected species (fruit fall > 5 kg ha-1 yr-1) in site Thillaivilagam.
	Fruit fall (kg)

	Species
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec
	Total

	Borassus flabellifer
	-
	-
	-
	-
	-
	-
	19.00
	22.00
	18.00
	-
	-
	-
	59.00

	Garcinia spicata
	19.25
	17.50
	-
	-
	-
	-
	-
	-
	35.00
	43.75
	35.00
	33.25
	183.75

	Glycosmis mauritiana
	-
	-
	1.73
	3.11
	9.20
	7.48
	2.30
	-
	-
	-
	-
	-
	23.81

	Lannea coromandelica
	-
	-
	-
	-
	-
	8.00
	8.80
	9.60
	-
	-
	-
	-
	26.40

	Lepisanthes tetraphylla
	-
	-
	1.00
	2.50
	3.50
	1.50
	-
	-
	-
	-
	-
	-
	8.50

	Memecylon umbellatum
	14.03
	-
	-
	-
	53.30
	47.69
	-
	-
	-
	11.22
	19.64
	15.71
	161.57

	Syzygium cumini
	-
	-
	-
	-
	-
	4.20
	7.00
	5.60
	4.90
	-
	-
	-
	21.70

	Tarenna asiatica
	-
	2.03
	4.05
	5.67
	7.67
	-
	-
	-
	-
	-
	-
	-
	19.44



	The contribution of individual species to site fruit fall varied greatly in the study area (Table 1). In JM, Borassus flabellifer produced high quantity of fruits 243.2 kg ha-1 yr-1 followed by Syzygium cumini (24.8 kg ha-1 yr-1) and Atalantia monophylla (24.68 kg ha-1 yr-1). In PM, Memecylon umbellatum contributed a large quantity (67.40 kg ha-1 yr-1) followed by Lannea coromandelica (31.05 kg ha-1 yr-1) and Garcinia spicata (30.98 kg ha-1 yr-1). Whereas, Garcinia spicata (183.75 kg ha-1 yr-1) Memecylon umbellatum (161.57 kg ha-1 yr-1) and Borassus flabellifer (59.00 kg ha-1 yr-1) contributed in TV. In total, three species, namely, Borassus flabellifer, Garcinaia spicata and Memecylon umbellatum together constituted 67.94% of fruit fall in the study area.
The mean amount of annual fruit fall (375.47 ± 144.44 kg ha-1 yr-1) recorded in this study is lower than what has been reported earlier for world’s tropical forests (454 ± 258 kg ha-1 yr-1) (Hanya and Aiba 2010a, b). However, the site TV produced more amounts of fruits (526.67 kg ha-1 yr-1) than mean fruit fall of world’s tropical forests. 
Compared to forests of Australia (7-37 kg ha-1 yr-1) (French 1991); Ducke, Brazil (291 kg ha-1 yr-1) (Rodrigues et al. 2001); Kade, Ghana (236 kg ha-1 yr-1) (John 1973); and Ile-Ife, Nigeria (32 kg ha-1 yr-1) (Muoghalu et al. 1993) (Table 6) present study area produced large amount of fruits. 
	The mean fruit fall value (kg ha-1 yr-1) estimated in this study is also low compared to tropical forests of Kibale (746 kg ha-1 yr-1; Chapman et al. 1994); Brazil (580 kg ha-1 yr-1; Barlow et al. 2007); Malaysia (381 kg ha-1 yr-1; Kira, 1978); Ivory Coast (662, 693 kg ha-1 yr-1; Bernhard, 1970); Panama (570 kg ha-1 yr-1; Smythe, 1970); and, Peru (640, 788 kg ha-1 yr-1; Terborgh, 1983) (Table 6). 

Table 6. Fruit fall (dry weight kg ha-1 yr-1) recorded by researchers across various forests.
	Place
	Country
	Fruit fall
	Reference (s)

	Tamil Nadu
	India
	239, 361, 527
	Present study

	Tamil Nadu
	India
	602, 913
	Swamynathan and Parthasarathy (2005)

	Tamil Nadu
	India
	600, 900
	Arul Pragasan and Parthasarathy (2005)

	-
	Australia
	7-37
	French (1991)

	Jari Landholding
	Brazil
	580
	Barlow et al. (2007)

	Kibale
	Uganda
	746
	Chapman et al. (1994)

	Pasoh
	Malaysia
	381
	Kira (1978)

	Ducke [Primary]
	Brazil
	291
	Rodrigues et al. (2001)

	Ducke [Secondary]
	Brazil
	439
	Rodrigues et al. (2001)

	Kade
	Ghana
	236
	John (1973)

	Ile-Ife
	Nigeria
	32
	Muoghalu et al. (1993)

	Banco
	Ivory Coast
	693
	Bernhard (1970)

	Yapo
	Ivory Coast
	662
	Bernhard (1970)

	Kakachi
	India
	1990
	Ganesh and Davidar (1999)

	Barro Colorado Islan
	Panama
	570
	Smythe (1970)

	Cocha Coshu
	Peru
	339, 640, 788
	Terborgh (1983)

	Luquillo
	Puerto Rico
	263, 332, 560, 820
	Lugo and Frangi (1993)

	Los Tuxtlas
	Mexico
	380, 200, 170
	Sanchez and Alvarez-Sanchez, (1995)

	Mana Pools
	Zimbabwe
	300
	Dunham (1989)

	Xishuangbanna
	China
	1166
	Zheng et al. (2006)

	Japi Mountains
	Brazil
	134, 498
	Morellato (1992)

	Canary Islands
	Spain
	125, 147
	Arevalo et al. (2007)

	New England
	Australia
	300
	Lowman (1988)

	Dorrigo
	Australia
	700, 1400
	Lowman (1988)

	Minamata
	Japan
	593
	Tagawa (1973)

	Dwellingup
	Australia
	360
	Bray and Gorham (1964)

	Wakayama
	Japan
	162
	Furuno (1986)

	Uji
	Japan
	473
	Saito (1993)	

	Royal NP
	Australia
	1300
	Lowman (1988)

	Naeba
	Japan
	10, 11, 70, 80
	Satoo et al. (1977)

	Hapai Reserve
	New Zealand
	868
	Enright (1999)

	Wisconsin
	USA
	62
	Bray and Gorham (1964)

	Olympic NP
	USA
	392
	Edmonds and Murray (2002)

	Czechoslovakia
	Czechoslovakia
	396
	Bray and Gorham (1964)

	Slowinski NP
	Poland
	432
	Astel et al. (2009)



The mean fruit fall value (375.47 ± 144.44 kg fruits ha-1 yr-1) found in this study varied from earlier reports on other TDEF sites in southern Coromandel Coast. Swamynathan and Parthasarathy (2005) recorded the mean fruit fall as 757.5 kg ha-1 yr-1 in two TDEF sites. Arul-Pragasan and Parthasarathy (2005) reported a mean of 750 kg ha-1 yr-1 fruit fall from two TDEF sites in southern Coromandel Coast. However, these researchers recorded fruit fall of both trees and lianas, but current study concentrated only on tree community fruit fall. Density of lianas is insignificant in these fortest sites hence omitted. In general, fruit productions of forests vary both spatially and temporally (Aiba and Hanya 2010b).
	With greater forest volume (basal area = 26.48 m2 ha-1) and stand density (1337 trees ha-1) the site TV produced more amount of fruits than other two sites. The site PM showed higher stem density (638 stems ha-1) than PM (397 trees ha-1). However, larger stand basal area of site JI (22.87 m2 ha-1) contributed to a high fruit production than PM (basal area = 15.58 m2 ha-1). The mean gbh of trees is 50-60% higher in site JI compared to PM. Further, Borassus flabellifer, one of the large quantity fruit producers of TDEFs is also absent in site PM. When completely ripen the fruits of Palmyra palm (B. flabellifer) emits a pleasant smell. This fine odor attracts squirrels, bonnet macaques, parakeets and many insects. The fruit is also edible for humans, indigenous people cut outer pulpy region of fruits with sharp knives, boil the pulp along with little amount of palm sugar and water, and eat to improve the muscles.

3.2. Fruit fall and climatic factors

A significant, positive relationship prevailed between mean monthly temperature and fruit fall in all the three sites (PM, r = 0.68, t10 = 4.33, P < 0.001; JI, r = 0.40, t10 = 3.76, P < 0.005; TV, r = 0.24, t10 = 3.35, P < 0.005). Similar to temperature, mean monthly rainfall also had a positive relationship with fruit fall in all the sites (JI, r = 0.43, t10 = 3.72, P < 0.005; PM, r = 0.28, t10 = 3.29, P < 0.005; TV, r = 0.45, t10 = 3.55, P < 0.005).
Fall of fleshy fruits peaked close to the monsoon period (August-September). Earlier, Swamynathan and Parthasarathy (2005) also observed this pattern in two TDEF sites. In our sites both rainfall and temperature had relationship with fruit fall. Previously, Swamynathan and Parthasarathy (2005) found a positive correlation between rainfall and temperature in a TDEF site at Coromandel Coast. As to other tropical forests, seasonal forests of Costa Rica, Brazil (Frankie et al. 1974); Colombia (Hilty 1980) produced fleshy fruits during wet period. In this study, fall of dry fruits peaked during dry period (March-June). Frankie et al. (1974) reported a peak dry fruit fall during dry season in Costa Rican forests, Panama; Foster (1982) found a peak fruit fall (dry fruit) during dry period in seasonal wet forests of Panama; Charles-Dominique et al. (1981) recorded a peak dry fruit fall on dry period in Guyana; and Jackson (1981) found such a peak in Brazilian tropical forests. 
Chapman and Balcomb (1998) recorded a relationship between rainfall and fruit production. In a review Hanya and Aiba (2010a) found a positive relationship between temperature and fruit fall. Further, these authors recognized temperature as one of the better predictors of fruit fall. According to Leith (1975) rainfall and temperature determine evapo-transpiration; evapo-transpiration controls primary production, thereby limits forest fruit fall.

3.3. Fruit types and dispersal syndrome

Of 44 species recorded (in three sites), 38 produced fleshy fruits, remaining six formed dry fruits. This observation is not in-line with that of Swamynathan and Parthasarathy (2005). In their study they recorded only 18 fleshy fruit forming species in two TDEF sites. In the present study capsules and pods constituted 1.46-16.71% of forest fruit fall. This value is one to three folds lower than what has been reported for tropical forests of Gabon (28%; Gautier-Hion et al. 1985) and two TDEF sites (45%; Swamynathan and Parthasarathy 2005). The profound production of fleshy fruits attracts variety of insects, birds, and reptiles. These animals partly or completely rely on fruits for their food.
Dry fruit producers are relatively less prevalent in the study area. Of 2372 trees only 195 (8.22%) produced dry fruits. Hence, this study recorded a lower quantity of dry fruits. This observation is not in-line with that of Swamynathan and Parthasarathy (2005), they recorded fleshy fruit contribution to forest fruit fall as 14.5 to 20.5% in two TDEF sites along the Coromandel Coast.
It is evident that tree species present in the study area produced large quantity of fleshy fruits. Large number of species (85.45%) depending animals for their seed dispersal in the study area. This observation is not in agreement with Swamynathan and Parthasarathy (2005) and Du et al. (2009). Swamynathan and Parthasarathy (2005) found 70% of species with animal dispersal syndromes in two TDEF sites at Coromandel Coast, southern India. Du et al. (2009) recorded 70.4% of species with animal dispersible fruits in a subtropical evergreen forest, China. According to Howe and Smallwood (1982), vertebrate seed dispersal is high in Neotropical wet (82.3-91.5%) and moist forests (82.5%) than in Paleotropical forests (37.5-60%). Results of this study are not in-line with that of Howe and Smallwood (1982) as most proportion (85.45%) of species had animal dispersible fruits in the present study area. On average, 31-36% of total species in Neotropical environment and 26.5% of species in Palaeotropical forests are wind-dispersed (Howe and Smallwood 1982). In this study only 14.55% species relied on wind for seed dispersal. TDEFs could harbor lives of more than 100 tree species. If dispersal modes of all existing species collected and analyzed then it is possible to give the degree of relationship between plant species and seed dispersers in TDEFs.

4. Conclusion

Forest fruit fall had relationship with rain fall as well as temperature. At community level, fruit production occurred round the year in study area thereby sustaining life of frugivores throughout the year. The most abundant, characteristic species Memecylon umbellatum produced fruits at two distinct periods (bimodal) in a year. The top most fruit producers viz., Borassus flabellifer, Garcinaia spicata and Memecylon umbellatum are the chief source of food for animals in study area. Protection of these forests not only conserves native plant diversity but also safeguard animals. Vacant lands are available in all the study sites, if these lands reforested with native species, then geographical extension of TDEFs could be enhanced. Reforestation not only enhances geographical coverage of TDEFs but also support life of a greater number of pollinators (insects), and dispersers (birds, reptiles and mammals). Preservation of these forests is vital to protect range of native plant and animal species in an endangered forest ecosystem of the Indian sub-continent.
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