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ABSTRACT

	Aims: To evaluate tree community fruit fall across selected tropical dry evergreen forest (TDEF) sites along the southern Coromandel Coast of Tamil Nadu.
Study design: Quantitative field-based investigation.
Place and Duration of Study: Forest sites located in Nagapattinam and Tiruvarur districts of Tamil Nadu; study duration of one year.
Methodology: Fruit fall was quantified in three tropical dry evergreen forest sites along the southern Coromandel Coast over a one-year period from January to December. Of the three sites, Jambavanodai (JI) and Thillaivilagam (TV) are situated in Thiruvarur district, while Pushpavanam (PM) lies in Nagapattinam district. In each site, a 100m × 100m (1 ha) permanent plot was established and subdivided into twenty-five 20m × 20m subplots. At the center of each subplot, a 50 cm × 50 cm sampling quadrat was demarcated using locally available pebbles, resulting in a total of 25 sampling units per site. Stone-block–lined, denuded quadrats were employed for the collection of fallen fruits. Fruit litter was collected fortnightly from each sampling quadrat throughout the study period. Collected material was sorted to species level and oven-dried at 80 °C for 48 hours to attain constant dry weight.
Results: Total tree community fruit fall across the study sites amounted to 1126.39 kg (dry weight), with a mean annual fruit fall of 375.46 ± 144.44 kg ha⁻¹ yr⁻¹. Fleshy fruits contributed a greater share of total fruit fall than dry fruits across all sites. Fruit fall occurred year-round, with a pronounced peak during September, coinciding with the monsoon period. Mean monthly temperature showed a significant positive relationship with fruit fall at all three sites. Similarly, mean monthly rainfall was positively correlated with fruit fall. 
Conclusion: The observed positive relationships between fruit fall and both rainfall and temperature are consistent with earlier studies. The findings contribute valuable quantitative information on tree fruit fall dynamics to the ecological database of Indian tropical dry evergreen forests.
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1. INTRODUCTION
Fruits are formed from a well-developed ovary or from one or more ovaries together, often incorporating adjacent floral organs and other associated plant parts. Thus, a fruit represents the product of the entire gynoecium along with any floral structures that persist into the fruiting stage. Fruit and seed production are fundamental to the persistence of plant populations within ecosystems, as they ensure reproduction and continuity across generations (Bas et al., 2005). Beyond their importance to plants, fruits play a critical role in sustaining animal communities. Fruits protect developing seeds from adverse climatic conditions and predation, while also serving as nutrient-rich resources containing sugars, vitamins, and essential minerals. Consequently, fruits constitute a major or supplementary component of the diet of many herbivorous and omnivorous animals.
The ecological significance of fruits is particularly evident in plant–animal mutualisms. Plants provide fruits as rewards to frugivores, and in return, frugivores facilitate seed dispersal, thereby enhancing the chances of seed establishment in suitable habitats away from the parent plant (Janzen, 1970, 1971, 1972; Howe, 1986; Garcia, 1998). In the absence of effective dispersal, seeds tend to accumulate beneath the mother plant, where conditions may be unfavorable for germination, growth, and survival due to density-dependent effects (Janzen, 1970; Hanya et al., 2006). The nutritive pulp surrounding seeds is a particularly important food source for frugivores, especially birds and mammals, and serves as the primary attractant for dispersal agents (Howe, 1986). Following consumption, seeds are released by dispersers, often at considerable distances from the parent tree. Additionally, the decay of fleshy fruits contributes organic acids and nutrients to the soil, thereby creating favorable microsites for seed germination (Pandey, 1995). As a result, the natural regeneration of many plant species is strongly dependent on animal-mediated seed dispersal processes (Jordano, 2000).
Quantifying forest fruit fall is among the most practical and efficient approaches for assessing fruit availability in forest ecosystems (Hanya & Aiba, 2010a). Estimates of fruit availability are also crucial for understanding the biomass, distribution, and community structure of fruit-eating animals (Hanya et al., 2006; Kissling et al., 2007). Moreover, fruit fall data are essential for identifying geographic variation in propagule output and for evaluating the regenerative capacity of forests following natural disturbances or anthropogenic impacts (Terborgh, 1990). Swamynathan and Parthasarathy (2005) emphasized that information on the quantity and seasonal patterns of fruit production, along with fruit–frugivore interactions, is fundamental to understanding frugivore community dynamics. Frugivores generally exhibit a preference for fleshy fruits over dry fruits, making data on fleshy fruit production particularly important for interpreting plant–frugivore interactions (Chapman et al., 1994). In contrast, dry fruits are often dispersed primarily by abiotic agents such as wind. Quantitative information on fruit production and fall is therefore of considerable value for conservation planning and ecosystem management (Lugo & Frangi, 1993; Swamynathan & Parthasarathy, 2005). Furthermore, long-term data on fruit fall patterns are critical for maintaining ecosystem integrity and ensuring the sustained functioning of forest ecosystems (Janzen, 1971; Hanya et al., 2011).
A review of available literature indicates that studies on forest fruit fall in India are relatively scarce compared to those conducted in other Asian regions and elsewhere in the world. Tropical dry evergreen forests (TDEFs) occupy approximately 229 km² across 11 districts of Tamil Nadu; however, systematic assessments of annual fruit fall in these forests are limited (Udayakumar & Parthasarathy, 2010). Notable exceptions include the work of Arul-Pragasan and Parthasarathy (2005), who examined fruit fall in two TDEF sites in Villupuram district, and Swamynathan and Parthasarathy (2005), who documented fruit fall in two sites in Cuddalore district. Given the paucity of information on fruit fall dynamics in TDEFs, the present study was undertaken to quantify tree community fruit fall in three TDEF sites—one in Nagapattinam district and two in Tiruvarur district—along the Coromandel Coast of Tamil Nadu. Tropical dry evergreen forests represent a unique, understudied, and endangered ecosystem within the Indian subcontinent. Accordingly, the objectives of this study were to: (a) estimate month-wise tree fruit fall in the three selected TDEF sites; (b) examine the relationships between fruit fall and climatic variables, specifically rainfall and temperature; and (c) quantify differences in mean annual fruit fall among the study sites.
2. material and methods

2.1. Study area and Field survey

A fruit fall estimation study was carried out in three tropical dry evergreen forest (TDEF) sites located along the southern Coromandel Coast over a one-year period from January to December. Of the three selected sites, Jambavanodai (JI) and Thillaivilagam (TV) are situated in Tiruvarur district, which receives an annual rainfall of approximately 1000–1200 mm and has a mean annual temperature of 28.8 °C. The third site, Pushpavanam (PM), lies in Nagapattinam district and is characterized by comparatively higher annual rainfall (1200–1400 mm) and a lower mean annual temperature of 27.6 °C (Figure 1). These sites were deliberately chosen to represent a gradient of tree densities within TDEFs. Jambavanodai exhibits the lowest tree density (397 trees ha⁻¹), Pushpavanam supports a moderate density (638 trees ha⁻¹), and Thillaivilagam harbors the highest tree density (1337 trees ha⁻¹) among the 16 TDEF sites surveyed in the region (Udayakumar and Evitex-Izayas, 2025; Udayakumar et al. 2025).
In each site, a permanent 100 m × 100 m square plot (10,000 m²; 1 ha) was established for systematic sampling. Each hectare plot was subdivided into twenty-five 20 m × 20 m subplots to ensure spatial coverage and replication. At the center of each subplot, a 50 cm × 50 cm sampling quadrat was demarcated using locally available pebbles, resulting in a total of 25 sampling quadrats per site. Fallen fruits were collected using stone-block–lined, denuded quadrats, a method widely adopted for litter and fruit fall studies in tropical forests (Oraon et al. 2018; Swamynathan & Parthasarathy, 2005). Fruit litter from each sampling quadrat was collected at fortnightly intervals throughout the study period. The collected material was sorted to species level and oven-dried in a hot air oven at 80 °C for 72 hours to obtain constant dry weight.
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Figure 1. Map of the study area wherein quantification of fruit fall recorded.

2.2. Data analyses

Karl Pearson’s product–moment correlation analysis was employed to examine the relationships between fruit fall and key environmental variables, namely temperature and rainfall. The significance of the resulting correlation coefficients (r) was evaluated using the Student’s t-test. In addition, the Student’s t-test was applied to assess whether significant differences in fruit production existed among the study sites.
Monthly fruit fall was computed as Tm = ΣFim, and its percentage contribution as Pm = (Tm/Ty) × 100. Mean monthly fruit fall was calculated as X̄ = (1/n)ΣXi, and temporal variability was expressed as CV = (SD/X̄) × 100. Differences among sites were tested using the Kruskal–Wallis statistic H = [12/N(N+1)]Σ(Rj²/nj) − 3(N+1), followed by Dunn’s post-hoc test Zij = (R̄i − R̄j)/√[(N(N+1)/12)(1/ni + 1/nj)].

3. results and discussion

3.1. Fruit fall

Overall, tree communities across the study area produced a total of 1126.39 kg of fruits on a dry-weight basis (Table 1; Figure 2). Mean annual fruit production per site was estimated at 375.46±144.44 kg ha-1 yr-1. Among the three sites, Thillaivilagam (TV) recorded the highest fruit output (526.67 kg ha-1 yr-1), followed by Jambavanodai (JI; 360.83 kg ha-1 yr-1) and Pushpavanam (PM; 238.90 kg ha-1 yr-1). Statistical analysis indicated no significant difference in fruit production between JI and PM (t22 = 0.86, P > .10), nor between JI and TV (t22 = -1.07, P > .10). In contrast, fruit fall differed significantly between TV and PM, with TV exhibiting substantially higher production (t22 = 3.36, P < .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.

	Scientific name
	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 (L.) Benth.
	Mimosaceae
	1 (195)
	-
	6 (1020)
	7 (1215)

	Allophylus serratus (Roxb.) Kurz
	Sapindaceae
	-
	-
	5 (325)
	5 (325)

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

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

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

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

	Breynia vitis-idaea (Burm.f.) C.E.C.Fisch.
	Euphorbiaceae
	-
	-
	6 (0)
	6 (0)

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

	Canthium coromandelicum (Burm.f.) Alston
	Rubiaceae
	1 (83)
	1 (0)
	6 (618)
	8 (701)

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

	Carmona retusa (Vahl) Masam.
	Boraginaceae
	-
	1 (0)
	-
	1 (0)

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

	Commiphora caudata (Wight & Arn.) Engl.
	Burseraceae
	-
	-
	1 (0)
	1 (0)

	Crateva magna (Lour.) DC.
	Capparidaceae
	4 (0)
	-
	-
	4 (0)

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

	Drypetes sepiaria (Wight & Arn.) Pax & K.Hoffm.
	Euphorbiaceae
	1 (0)
	51 (10,812)
	17 (2669)
	69 (13,481)

	Ehretia pubescens Royle ex Benth.
	Boraginaceae
	-
	9 (0)
	-
	9 (0)

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

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

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

	Flacourtia indica (Burm.f.) Merr.
	Flacourtiaceae
	-
	2 (0)
	5 (0)
	7 (0)

	Garcinia spicata (Wight & Arn.) Hook.f.
	Clusiaceae
	14 (7350)
	59 (30,975)
	350 (1,83,750)
	423 (2,22,075)

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

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

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

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

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

	Madhuca longifolia (L.) J.F.Macbr.
	Sapotaceae
	2 (1410)
	-
	-
	2 (1410)

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

	Maytenus emarginata (Willd.) Ding Hou
	Celastraceae
	4 (820)
	7 (1575)
	11 (2475)
	22 (4850)

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

	Morinda coreia Buch.-Ham.
	Rubiaceae
	-
	-
	5 (310)
	5 (310)

	Ochna serrulata (Hochst.) Walp.
	Ochnaceae
	7 (609)
	-
	-
	7 (609)

	Pamburus missionis (Wall. ex Wight) Swingle
	Rutaceae
	-
	4 (528)
	3 (366)
	7 (894)

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

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

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

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

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

	Securinega leucopyrus Brandis
	Euphorbiaceae
	-
	-
	5 (0)
	5 (0)

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

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

	Tarenna asiatica (L.) Kuntze ex K.Schum.
	Rubiaceae
	-
	13 (338)
	81 (19,440)
	94 (19,778)

	Thespesia populnea (L.) Sol. ex Corrêa
	Malvaceae
	5 (0)
	-
	-
	5 (0)

	Sub-total
	-
	397 (3,60,827)
	638 (2,38,898)
	1337 (5,26,669)
	2372 (11,26,394)
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Figure 2. Photographs of selected plant species recorded from the study area (A. Aglaia elaegnoidea ; B. Atalantia monophylla; C. Benkara malabarica; D. Borassus flabellifer; E. Calophyllum inophyllum; F. Garcinia spicata)
Monthly fruit fall varied markedly across the study period, ranging from 30.66 kg in March to a maximum of 164.48 kg in September, with an annual total fruit fall of 1126.77 kg. The percentage contribution of individual months indicated that September (14.60%) and August (14.48%) contributed the highest proportions to annual fruit fall, whereas March (2.72%) and February (3.18%) contributed the least. Overall, nearly 41% of the annual fruit fall was concentrated during the peak monsoon months (July–September), demonstrating strong seasonal aggregation.
The mean monthly fruit fall across all sites was 93.90 kg month⁻¹. Temporal variability, expressed as the coefficient of variation was approximately 50%, indicating high month-to-month fluctuation in fruit production. Site-wise summaries showed that total annual fruit fall was highest at TV (526.67 kg), followed by PM (360.83 kg) and JI (238.90 kg), corresponding to 46.78%, 32.02%, and 21.20% of the annual total, respectively.
Differences in median monthly fruit fall among sites, tested using the Kruskal–Wallis were statistically significant (H = 6.56, df = 2, p = 0.038). Subsequent Dunn’s post-hoc comparisons, with Bonferroni adjustment, revealed no pairwise differences that remained significant at α = 0.05, although a marginal contrast was observed between JI and TV (adjusted p ≈ 0.06), indicating a tendency toward higher fruit fall at the TV site. Overall, the results confirmed pronounced seasonal variability and moderate spatial heterogeneity in fruit fall among the study sites.
Fruit fall was recorded throughout the year at all three study sites (Table 2; Figure 3), indicating continuous reproductive activity. At Jambavanodai (JI), fruit fall exhibited a pronounced peak during August, reaching 109.10 kg ha-1 yr-1, whereas the lowest contribution was observed in December (4.00 kg ha-1 yr-1; Figure 4). In Pushpavanam (PM), maximum fruit fall occurred in May, corresponding to the hottest period of the year, while the minimum was recorded in September (9.95 kg kg ha-1 yr-1; Figure 5). A similar seasonal pattern was observed at Thillaivilagam (TV), where fruit fall peaked in May (79.57 kg ha-1 yr-1) and declined to its lowest level in March (8.84 kg ha-1 yr-1; Figure 6). The pronounced peak in fruit fall during August at JI was largely attributable to substantial fruit shedding by the Palmyra palm (Borassus flabellifer).

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

	Month
	JI
	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 3. Month-wise fruit fall recorded in the study area.
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Figure 4. Month-wise fruit fall (kg ha-1 yr-1) of trees in Jambavanodai.
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Figure 5. Month-wise fruit fall (kg ha-1 yr-1) of tree species in Pushpavanam.
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Figure 6. Month-wise fruit fall (kg ha-1 yr-1) of tree species in Thillaivilagam.
Overall fruit fall across the study area exhibited a clear seasonal pattern, with a pronounced peak during September, coinciding with the monsoon period (Figure 3). September alone accounted for the highest proportion of annual fruit fall (14.60%), followed closely by August (14.48%) and June (11.88%). In contrast, March contributed the lowest share of fruit fall (2.72%), followed by February (3.18%) and January (4.33%) (Table 2).
Across all sites, fleshy fruits constituted a substantially larger proportion of total fruit fall than dry fruits. Fleshy fruits accounted for 98.54% of total fruit fall at Jambavanodai (JI), 84.45% at Thillaivilagam (TV), and 83.29% at Pushpavanam (PM). Conversely, dry fruits formed a comparatively higher proportion of total fruit fall at PM (16.71%), followed by TV (15.55%), with JI contributing only a small fraction (1.46%).
Species contributions to total fruit fall varied among sites. Thillaivilagam (TV) recorded the highest species richness, with 27 tree species contributing to fruit fall, whereas 24 species were recorded at Jambavanodai (JI) and 22 species at Pushpavanam (PM). Similarly, the number of species contributing more than 5 kg fruits ha⁻¹ yr⁻¹ differed across sites. At JI, seven species exceeded this threshold (Table 3), while 11 species did so at PM (Table 4), and eight species at TV (Table 5).
The observed patterns of fruit fall revealed strong temporal and moderate spatial structuring of reproductive output within the study area. Monthly fruit fall showed pronounced seasonality, with minimal values during the late dry season and a sharp increase during the monsoon and post-monsoon months. The concentration of nearly 41 percent of annual fruit fall during July to September indicates that fruiting in these tropical dry evergreen forest sites was closely synchronized with peak rainfall. Such monsoon-linked phenological synchrony is widely reported in seasonally dry tropical forests and is generally attributed to improved soil moisture availability, enhanced nutrient uptake, and reduced physiological stress during the wet season, all of which favor fruit maturation and abscission.
High temporal variability, reflected by a coefficient of variation of approximately 50 percent, suggests that fruit production was not evenly distributed through the year but occurred in pulses. Pulsed fruiting is ecologically significant because it can enhance reproductive success by increasing pollination efficiency and reducing pre-dispersal seed predation through predator satiation. In the present study, extreme monthly peaks, particularly at the JI site, indicate the dominance of episodic fruiting strategies, whereas the more even fruit fall observed at PM and the consistently higher values at TV suggest the presence of species with regular annual fruiting patterns. This coexistence of contrasting reproductive strategies likely contributes to functional diversity and resilience within the forest ecosystem.

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 total site-level fruit fall varied markedly across the study area (Table 1). At Jambavanodai (JI), Borassus flabellifer was the dominant contributor, producing 243.20 kg ha⁻¹ yr⁻¹, followed by Syzygium cumini (24.80 kg ha⁻¹ yr⁻¹) and Atalantia monophylla (24.68 kg ha⁻¹ yr⁻¹). In Pushpavanam (PM), Memecylon umbellatum contributed the highest fruit biomass (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). In contrast, fruit fall at Thillaivilagam (TV) was dominated by 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). Collectively, these three species Borassus flabellifer, Garcinia spicata, and Memecylon umbellatum accounted for 67.94% of the total fruit fall recorded across the study area.
The mean annual fruit fall recorded in the present study (375.47 ± 144.44 kg ha⁻¹ yr⁻¹) is lower than the global mean reported for tropical forests (454 ± 258 kg ha⁻¹ yr⁻¹) (Hanya & Aiba, 2010a, 2010b). Nevertheless, the Thillaivilagam (TV) site exhibited a higher fruit production (526.67 kg ha⁻¹ yr⁻¹) than the global tropical forest average.
When compared with several tropical forests worldwide, such as those in Australia (7–37 kg ha⁻¹ yr⁻¹; French, 1991), Ducke Forest Reserve, 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) the present study sites exhibited relatively higher fruit production (Table 6). However, mean fruit fall values reported here are lower than those documented for several other tropical forests, including Kibale, Uganda (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 annual fruit fall recorded in the present study (375.47 ± 144.44 kg fruits ha⁻¹ yr⁻¹) differs from values reported earlier for other tropical dry evergreen forest (TDEF) sites along the southern Coromandel Coast. Swamynathan and Parthasarathy (2005) reported a substantially higher mean fruit fall of 757.5 kg ha⁻¹ yr⁻¹ from two TDEF sites, while Arul-Pragasan and Parthasarathy (2005) documented a mean fruit fall of 750 kg ha⁻¹ yr⁻¹ from two additional sites in the same region. However, these earlier studies quantified fruit fall from both tree and liana components, whereas the present investigation focused exclusively on tree community fruit fall. Lianas were excluded from the current analysis because their density was negligible at the study sites. In general, fruit production in forest ecosystems is known to exhibit considerable spatial and temporal variability (Aiba & Hanya, 2010b).
Among the three sites, Thillaivilagam (TV) produced the highest quantity of fruits, which can be attributed to its greater forest structural attributes, including higher basal area (26.48 m² ha⁻¹) and stem density (1337 trees ha⁻¹), compared to the other sites. Pushpavanam (PM) exhibited a higher stem density (638 trees ha⁻¹) than Jambavanodai (JI; 397 trees ha⁻¹); however, the larger stand basal area at JI (22.87 m² ha⁻¹) relative to PM (15.58 m² ha⁻¹) likely contributed to greater fruit production at JI. In addition, the mean girth at breast height (GBH) of trees was 50–60% higher at JI than at PM, indicating the presence of larger, potentially more productive individuals. Furthermore, Borassus flabellifer, a major fruit-producing species in TDEFs, was absent from PM, which may have further reduced overall fruit output at this site. When fully ripe, the fruits of the Palmyra palm (B. flabellifer) emit a strong, pleasant odor that attracts a variety of frugivores, including squirrels, bonnet macaques, parakeets, and numerous insects. The fruit is also edible for humans; indigenous communities traditionally remove the outer pulpy layer, boil it with a small quantity of palm sugar and water, and consume it, often for its perceived nutritional and muscle-strengthening benefits.
Spatial differences in fruit fall were evident from both total annual contributions and non-parametric statistical tests. Although the Kruskal–Wallis test indicated significant differences in median monthly fruit fall among sites, pairwise post-hoc comparisons did not retain significance after Bonferroni correction, pointing to subtle rather than sharp spatial segregation in fruiting output. The consistently higher fruit fall recorded at the TV site nevertheless indicates greater reproductive productivity, which may be driven by favorable site conditions such as higher soil fertility, better moisture retention, or differences in stand structure and species composition. The comparatively lower but highly variable fruit fall at JM suggests a site functioning as a seasonal resource pulse rather than a steady food source.

3.2. Fruit fall and climatic factors

A significant positive relationship was observed between mean monthly temperature and fruit fall at all three study sites. At Pushpavanam (PM), fruit fall showed a strong correlation with temperature (r = 0.68; t₁₀ = 4.33; P < .001), while moderate but significant relationships were recorded at Jambavanodai (JI; r = 0.40; t₁₀ = 3.76; P < .005) and Thillaivilagam (TV; r = 0.24; t₁₀ = 3.35; P < .005). Similarly, mean monthly rainfall was positively correlated with fruit fall across all sites, with significant relationships recorded at JI (r = 0.43; t₁₀ = 3.72; P < .005), PM (r = 0.28; t₁₀ = 3.29; P < .005), and TV (r = 0.45; t₁₀ = 3.55; P < .005).
The fall of fleshy fruits peaked close to the monsoon period (August–September), a pattern consistent with earlier observations from tropical dry evergreen forests along the Coromandel Coast (Swamynathan & Parthasarathy, 2005). In the present study, both rainfall and temperature were significantly associated with fruit fall, corroborating previous findings of positive correlations between these climatic variables in TDEFs of the region (Swamynathan & Parthasarathy, 2005). Comparable seasonal patterns have been reported from other tropical forests, where fleshy fruit production typically peaks during the wet season, including seasonal forests of Costa Rica and Brazil (Frankie et al., 1974) and forests of Colombia (Hilty, 1980).
In contrast, the fall of dry fruits in the present study peaked during the dry period (March–June). Similar trends have been documented in other tropical regions. Frankie et al. (1974) reported maximum dry fruit fall during the dry season in Costa Rican forests; Foster (1982) observed a dry-season peak in seasonal wet forests of Panama; Charles-Dominique et al. (1981) reported comparable patterns in Guyana; and Jackson (1981) documented dry-season peaks of dry fruit fall in Brazilian tropical forests.
Previous studies have also demonstrated strong links between climatic variables and fruit production. Chapman and Balcomb (1998) reported a close association between rainfall and fruit production, while a global review by Hanya and Aiba (2010a) identified temperature as a key predictor of fruit fall, often outperforming rainfall. According to Leith (1975), rainfall and temperature jointly regulate evapotranspiration, which in turn influences primary productivity and ultimately constrains fruit production and fruit fall in forest ecosystems.

3.3. Fruit types and dispersal syndrome

Of the 44 tree species recorded across the three study sites, 38 species produced fleshy fruits, while only six species formed dry fruits. This pattern contrasts with the findings of Swamynathan and Parthasarathy (2005), who recorded only 18 fleshy fruit–producing species from two tropical dry evergreen forest (TDEF) sites. In the present study, capsules and pods (dry fruits) accounted for only 1.46–16.71% of total forest fruit fall, values that are one- to threefold lower than those reported for tropical forests of Gabon (28%; Gautier-Hion et al., 1985) and for two TDEF sites along the Coromandel Coast (45%; Swamynathan & Parthasarathy, 2005). The dominance of fleshy fruit production in the study area is likely to attract a wide range of insects, birds, and reptiles, many of which partially or wholly depend on fruits as a food resource.
Dry fruit–producing species were relatively uncommon in the study area. Of the 2372 trees enumerated, only 195 individuals (8.22%) produced dry fruits, which explains the comparatively low contribution of dry fruits to total fruit fall. This finding differs from that of Swamynathan and Parthasarathy (2005), who reported that fleshy fruits contributed only 14.5–20.5% of total forest fruit fall in two TDEF sites along the Coromandel Coast, indicating a much higher relative contribution of dry fruits in those forests.
The results clearly indicate that tree species in the present study area produce a disproportionately large quantity of fleshy fruits. Consequently, a high proportion of species (85.45%) depend on animals for seed dispersal. This proportion exceeds values reported from other studies. Swamynathan and Parthasarathy (2005) documented animal-dispersal syndromes in approximately 70% of species in two TDEF sites in southern India, while Du et al. (2009) reported 70.4% animal-dispersed species in a subtropical evergreen forest in China. According to Howe and Smallwood (1982), vertebrate seed dispersal is generally higher in Neotropical wet (82.3–91.5%) and moist forests (82.5%) than in Paleotropical forests (37.5–60%). In contrast, the present study recorded a substantially higher proportion of animal-dispersed species (85.45%) than that typically reported for Paleotropical forests, and is therefore not fully consistent with the patterns described by Howe and Smallwood (1982). Furthermore, the wind-dispersed species constitute, on average, 31–36% of total species in Neotropical forests and 26.5% in Paleotropical forests (Howe & Smallwood, 1982) but only 14.55% of species in the present study relied on wind for seed dispersal. Tropical dry evergreen forests are known to harbor more than 100 tree species; therefore, a comprehensive analysis of dispersal modes across all constituent species would enable a more precise assessment of plant–disperser relationships in TDEF ecosystems.
From a frugivore-ecological perspective, the strong seasonal aggregation of fruit fall has important implications for animal communities dependent on fleshy fruits. The monsoon-associated fruiting peak likely represents a critical period of food abundance, supporting higher frugivore activity, breeding, and movement. Sites with stable fruit production, such as TV, may sustain resident frugivore populations across seasons, whereas sites with episodic peaks, such as JI, may act as temporary foraging hotspots that attract mobile frugivores during peak fruiting months. Such spatial and temporal complementarity in fruit availability can enhance landscape-level connectivity and seed dispersal effectiveness.
Overall, the results highlight that fruit fall dynamics in tropical dry evergreen forests are governed primarily by seasonal climatic drivers, with site-specific factors modulating the magnitude and variability of fruit production. The combination of strong phenological synchrony and moderate spatial heterogeneity underscores the importance of conserving multiple forest patches with differing fruiting strategies, as this heterogeneity is likely to stabilize frugivore populations and promote effective seed dispersal and forest regeneration over time.

4. Conclusion

Forest fruit fall in the study area was closely associated with both rainfall and temperature, indicating a strong climatic control over fruit production dynamics. At the community level, fruiting occurred throughout the year, thereby providing a continuous food supply that sustains frugivore populations across seasons. The most abundant and characteristic species, Memecylon umbellatum, exhibited bimodal fruiting, producing fruits during two distinct periods within a year. The principal fruit-producing species—Borassus flabellifer, Garcinia spicata, and Memecylon umbellatum—constituted the primary food resources for a wide range of animals in the study area. The conservation of these forests is therefore critical, as it ensures the persistence of both native plant diversity and dependent animal communities. Considerable areas of vacant land exist within and around the study sites; reforestation of these areas using native species could substantially enhance the spatial extent of tropical dry evergreen forests. Such restoration efforts would not only increase the geographic coverage of TDEFs but also support larger and more diverse assemblages of pollinators, including insects, as well as seed dispersers such as birds, reptiles, and mammals. Overall, the preservation and restoration of tropical dry evergreen forests are essential for safeguarding the rich assemblage of native flora and fauna within this unique and endangered ecosystem of the Indian subcontinent.
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