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Abstract 
Sukumaran, A., Sasidharan, S., Khanduri, V.P., Suraj, Rawat, S., Prem Chand, V., 2025. Effect of tree 
size attributes on fruit production and animal-mediated seed dispersal web in Melia azedarach L. (China-
berry) in north-west Himalaya, India. Folia Oecologica, 52 (1): 91–104.

Insights into the relationships between tree species and their potential seed dispersers in a specific region 
are vital for determining spatial distribution and population dynamics that rely solely on natural regen-
eration. Several factors influence fruit production in trees, and the fluctuations in fruit output directly 
affects the population and diversity of frugivores in that area. We examined the trees of Melia azedarach to 
analyse the impact of tree size attributes (diameter, height and crown length) on fruit yield. Furthermore, 
we observed the seed dispersers to determine their role in fruit removal and dispersal. The average fruit 
production among sample trees varied from 1.8 × 103 to 1.18 × 105. Out of the 10 bird species recorded, the 
Hypsipetes leucocephalus (Himalayan Black Bulbul) and Pycnonotus leucogenys (Himalayan Bulbul) were 
the most frequent visitors and crucial for seed dispersal of M. azedarach. Psittacula krameri (Rose-ringed 
Parakeets) dropped a significant quantity of fruits below the parent tree, acting as a pre-dispersal seed 
predator. There were significant variations among species in total visits and estimated endocarp disbursed. 
Our findings indicate that the tree-size attributes like diameter, height, and crown length strongly affected 
fruit yield capacity in trees of Melia azedarach. Large trees are likely to be reproductively matured and are 
prioritising resources for reproduction rather than growth. Native animals, especially birds are facilitating 
seed dispersal in M. azedarach. The estimated period of the availability of ripe fruits reflects the status 
of seed predators and seed dispersal. The results ultimately revealed that the animal plant interactions of 
this study would be vital for ecosystem functioning, habitat rewilding and conservation of the ecosystem 
through balancing plant-animal mutualism. 
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Introduction

The dissemination of tree seeds is a natural process that 

occurs through biotic or abiotic mediators to a new site 
where they germinate and form new trees. This process is 
crucial for preserving the structure and diversity of the for
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est. Seed dispersal over half of plant species worldwide is 
occurred through endozoochory, defined as the consump-
tion of fruits (and their seeds) by animals (Willson et al., 
1989), and in the tropics, approximately 80% of plant spe-
cies rely on animal frugivory for seed dispersal (Osuri et 
al., 2016). Seed dispersal by animals usually increases the 
likelihood that the seeds will reach to a favourable germi-
nation site away from the parent plant (escape hypothe-
sis, Janzen, 1970). In addition, handling by animals (gut 
passage, de-pulping) can have positive effects on germi-
nation (Traveset et al., 2001). Seed dispersal by animals 
is crucial for plant population dynamics mostly because it 
reduces density-dependent mortality of the seeds and re-
cruits, and ensures a direct transfer of seeds between popu-
lations which enable plants to colonize in new sites (Howe 
and Smallwood, 1982; Levine and Murrell, 2003). It 
thus plays a pivotal role in shaping the ecology, evolution 
and dynamics of plant diversity globally (Traveset, 1998). 
However, frugivory is a central process in plant popula-
tions where natural regeneration is strongly dependent 
upon animal-mediated seed dispersal. 
	 Fruit production and its variation play an important 
role in tropical tree population dynamics, including seed 
dispersal, gene flow and recruitment (Wright et al., 1999; 
De Steven and Wright, 2002). Fruit production at the in-
dividual tree level can be influenced by multiple factors, 
including seed size, tree size, soil nutrients availability 
and crowding from neighbouring trees (Minor and Kobe, 
2019). Smaller trees are unable to reproduce until they 
have attained a large size and reproductive maturity. After 
reaching maturity, larger trees are likely to produce more 
fruits (Greene and Johnson, 1994; Snook et al., 2005). 
Fruit production characteristics influence the abundance 
of frugivores in particular habitat patches, their foraging 
movements and important aspects of the annual cycles. 
Fruit removal (and consequently seed dispersal) from 
plants is influenced by plant characteristics such as fruit 
quantity and fruit quality, and frugivore characteristics 
such as gape width and body size (Schaefer et al., 2003; 
Burns, 2013; Bello et al., 2017). The average period of 
availability of ripe fruits in a particular species fluctuates 
with the quantity and presence of frugivore animals that 
depend on fruits for food, either sporadically or obligatory. 
	 Chinaberry (Melia azedarach L.) is a fleshy-fruited 
tree from Asia (Mabberley, 1984) and is one of the most 
important multipurpose tree species in India. The wood 
derived from this tree is used in various applications such 
as toys, compact boxes, athletic equipments, packing box-
es, musical instruments, and museum cases (Khaiper et 
al., 2023). M. azedarach is traditionally used to treat ma-
laria, diabetes, skin diseases and chicken pox. In Northern 
India, fresh leaf extract is applied externally for burns and 
also used as mouth wash for gingivitis (Khan, 2002). It is 
a prominent tree species often used in Ayurvedic system of 
medicine in India and in Arab countries in Unani system 
of medicine (Sharma and Paul, 2013). Its leaves contain 
significant quantities of limonoids of the nimbolinin type, 
which have a variety of therapeutic effects, including anti-
microbial, antioxidant, and anticancer potential (Kanwal 

et al., 2011). Roots are effectively used as resolvent and 
deobstruent. Seed oil is the most active medicinal product 
of the plant and is used as an antiseptic for sores and ulcers 
that show no tendency to heal. It is also used for rheuma-
tism and skin diseases such as ringworm and scabies. Inter-
nally, the oil is useful in malaria fever and leprosy (Khan 
et al., 2011). Moreover, greater interest has been focused 
on this species because of its insecticidal (Schmidt et al., 
1997) and insect-repellent properties and the occurrence of 
several active limonoids (Huang et al., 1996). 
	 Melia azedarach starts sexual reproduction very ear-
ly when plants still have a small shrub habit (Batcher, 
2000). This tree bears hermaphrodite flowers that vary in 
colour from deep violet to whitish violet, arranged in a cy-
mose inflorescence. Floral buds begin to open in March 
and continue this process until May, reaching their peak at 
the end of March (Mohapatra et al., 2024). Chinaberry is 
an entomophilous species, which is frequently visited by 
bees (Apis) and Syrphid flies (Mohapatra et al., 2024). 
In wild populations, both self-pollination and cross-pol-
lination have been observed (Rojas-Sandoval, 2022). 
Additionally, flowers of several cultivars are known to 
be self-compatible (Waggy, 2009). Seed production is 
extremely abundant and mature fruits are released from 
trees up to 12 months after ripening, thus improving the 
dissemination performance by exploiting the most suit-
able climatic conditions for germination (Badalamenti et 
al., 2013). The seeds maintain viability for more than two 
years even under severe dehydration (Batcher, 2000). 
However, the primary challenge in establishing M. azeda-
rach lies in its low seed germination rates resulting from 
its extremely tough seed coats. Its seeds may take 1 to 3 
months to germinate (Dirr and Heuser, 1987). Azad et al. 
(2010) conducted an experiment on the effect of pre-sow-
ing treatment on Melia azedarach seeds and found that the 
germination percentage was highest in the H2SO4 treat-
ment (74%), followed by the hot water treatment (69%) 
and revealed that pre-sowing treatments significantly in-
creased germination compared to the control. 
	 M. azedarach invades disturbed areas and is com-
monly found along the roads and forest edges. It has the 
potential to grow in dense thickets and restrict the growth 
of native vegetation. However, the speed and effective-
ness of the invasive process achieved by M. azedarach is 
strongly influenced by the abundance and the variety of 
disseminators which feed on its fleshy drupes, i.e. small 
mammals for short distances, or birds and bats for longer 
distances (Batcher, 2000; Voigt et al., 2011). The very 
high fruit production capacity and effective seed dispersal 
tactics in Chinaberry appear to have significantly contrib-
uted to its spread beyond its native habitat. Seedlings usu-
ally struggle to survive under parent plants due to resource 
competition, auto-toxicity and the high risk of seed preda-
tion under the parent plant. Therefore, understanding of 
the process of seed dispersal is essential for forecasting the 
population pattern of Chinaberry trees. Keeping the above 
facts in view, the research was aimed to (i) quantify the 
effect of tree size (diameter, crown length, and height) on 
fruit set/production in Melia azedarach, (ii) identify the 
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potential seed dispersers and estimate the average con-
sumption and removal of fruits per visits by dispersers, 
and (iii) forecast the average period of availability of ripe 
fruits in Melia azedarach. The knowledge of the seed dis-
persers and factors responsible for the high degree of fruit 
production is crucial for predicting the population struc-
ture and its dynamics in the natural forest. Furthermore, 
to our knowledge, the quantity of fruit production and the 
role of frugivores as seed dispersers have not been exten-
sively studied for this species so far.

Materials and methods

Study site

The population of Melia azedarach L. sampled in this 
study was located at the campus of Forest Research Insti-
tute, Dehradun, Uttarakhand, India. It is situated between 
30º20’40’’N latitude, and 77º52’12’’E longitude at an al-
titude of 640.08 m asl (Chauhan et al., 2004). It is spread 
over 450 hectares in the outer Himalayas in its backdrop, 
known as the oldest institute for forestry research in the 
entire subcontinent. The area falls under the Shiwalik zone 
and is characterised by semi-evergreen forests (Champi-
on and Seth, 1968). It provides a habitat for the diverse 
flora and fauna. The field research was carried out during 
the fruit ripening time of M. azedarach from January 2024 
to March 2024. During the study period, the highest tem-
perature of 21.5 °C was noted in March, while the lowest 
temperature of 3.5 °C was recorded in January. The relative 
humidity fluctuated between 39% and 100%, and daily pre-
cipitation varied from 0 to 56.2 mm during study period. 

Sample tree selection

A total of 21 sample trees of M. azedarach that have 
reached reproductive maturity were surveyed and chosen 
in such a way that each diameter classes, i.e. 10–20 cm, 
20–30 cm, and above 30 cm, contain seven trees. The se-
lection of trees was done to cover the minimum and max-
imum diameters of the trees in a reproductive state with-
in the population (Khanduri et al., 2019). Various tree 
growth parameters such as total height (distance from the 
base level to the tip of the leading shoot), bole height (dis-
tance from the base level to the position of the first crown 
forming living or dead branch), and crown length (vertical 
distance from the tip of the leading shoot to the position of 
the first crown forming living or dead branch) were mea-
sured for all sampled trees using the Ravi Multimeter. A 
measuring tape was used to determine the girth at breast 
height (1.37 m) of sample trees. The diameter of sample 
trees was calculated by using the diameter-girth-relation 
as; D = GBH / π, where D represents the diameter at breast 
height, and GBH indicates the girth at breast height. 

Fruit and seed yield 

M. azedarach produces cymose, most often axillary inflo-

rescences arising from the junction of the stem, petiole and 
some woody portions of branches. This unique character-
istic made it more complicated to determine the number 
of inflorescences on sample trees. Therefore, we focused 
on identifying the reproductive locations (the portion of 
the branches or reproductive shoots from which inflores-
cence develops) within the sample trees. To determine 
the number of inflorescences within a sample tree, we 
manually counted the number of reproductive locations. 
Twenty reproductive locations and twenty inflorescences 
per tree were randomly chosen to determine the average 
inflorescence production and the average fruit set per in-
florescence. Fruits were manually extracted to find out the 
average seed set per fruit. The estimated fruit production 
in sample trees is computed by using the formula
	 TF = RL × I × F, where TF is the average fruit pro-
duction per tree, RL is the number of reproductive loca-
tions per tree, I is the average number of inflorescences per 
reproductive location, and F is the average fruit production 
per inflorescence. To estimate the total seed production per 
tree, the total estimated fruit set was multiplied by the av-
erage seed set per fruit. The fruit production capacity of 
the sample trees was evaluated among different diameter 
classes, crown lengths, and heights. This helps us to under-
stand how these size factors such as diameter, crown length, 
and height affected fruit yield of the trees. Twenty ripe fruits 
were measured with a digital vernier calliper to examine 
the average fruit size. Additionally, a hundred fruits were 
weighed on an electronic weighing machine to determine 
the average fruit weight and number of fruits per kilogram. 

Seed dispersers and feeding behaviour

Five sample trees bearing ripe fruits were selected to re-
cord the number of frugivorous visits, feeding behaviour, 
and average consumption and removal of fruits per visit. 
Observations on the sample trees was done from a safe 
distance to avoid disturbance to the visitor’s activities and 
cameras were used to capture the images and record their 
behaviour. The observations were conducted at two-hour 
intervals from morning 07:00 h to evening 18:00 h over 
three consecutive days. The visits of frugivorous bats to 
sample trees were observed on another three days from 
19:00 h to 22:00 h. The observations were recorded in re-
spect of the number of frugivores visited per tree, dura-
tion of the visits, range of visits, time of visits, and fruit 
handling behaviour, i.e. whether the animal swallowed the 
whole fruit, dropped or spit parts of the fruit, pecked at 
it, or carried it away in their beak. Animal visitors were 
closely monitored to assess the range of fruit removal per 
visit. Ten visits each were taken for frequent animal vis-
itors to calculate the average fruit removal rate per visit. 
The estimated fruit removals per animal per day were de-
termined by multiplying the daily total number of visits 
by each animal’s average fruit removal rate. The estimat-
ed period of availability of ripe fruits in sample trees was 
calculated by dividing the total fruit production per tree 
by the average estimated daily fruit removal. Animals that 
ingest the whole fruit (pulps and seeds) are considered le-
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gitimate seed dispersers. Animals that eat only the pulp or 
seeds are considered seed predators.

Statistical analysis
 
Mean and standard deviation of the mean were calculat-
ed for all the measurements. One-way MANOVA (Wilks’ 
lambda test) was conducted to examine the effect of tree 
size variation in reproductive locations and total fruit set 
among various diameter classes, crown length, and height. 
The reproductive locations and total fruit set were taken as 
response factors, whereas diameter classes, crown length, 
and height were treated as independent factors. Karl Pear-
son’s coefficient of correlation was computed to under-
stand the correlation strength between height, diameter, 
and crown length on fruit set in trees. One-way ANOVA 
was performed to assess the effect of size factors such as 
diameter classes, crown length, and height on the produc-
tion of the average number of inflorescences per reproduc-
tive location and average fruit set per inflorescence, where 
diameter classes, crown length, and height were taken as 
fixed effects. Two-way ANOVA was performed to explore 
the variation in the number of visits among visitors and the 
effectiveness of seed dispersal by visitors under different 
time intervals, where time and animal visitors were taken as 
independent factors. All statistical analyses were performed 
in R Studio software version 4.3.3 (R Core Team, 2024).

Results 

Fruit production and seed yield

M. azedarach produces numerous fruits that grow on the 
branches of the main inflorescence axis with sympodial 
branching. The fruits are subglobose, round, stalked drupes 
with a fleshy mesocarp enclosed over a single, fluted, light 
brown, stony endocarp containing seeds. Immature fruits 
are light green and turn yellow when fully ripe. The en-
docarp is multi-locular, includes 2–6 seeds (Fig. 1). Each 

fruit produces an average of 3.45 ± 0.99 seeds. The fruit 
size of fully ripened partially dried fruit comprises a length 
of 1.81 ± 0.81 cm, width of 1.14 ± 0.68 cm, and weight of 
0.841 ± 0.20 g. The estimated average number of fruits per 
kilogram was 1,265 ± 342. The average number of ripened 
fruits per inflorescence in sample trees ranges from 9.4 ± 
2.24 to 11.4 ± 3.66. The inflorescence production per re-
productive location varied from 9.95 ± 3.11 to 12 ± 2.
	 Fruit production was observed for 21 sample trees 
across various tree size factors such as diameter, height 
and crown length. The average fruit production varied 
from 1.8 × 103 to 1.18 × 105, while seed production ranged 
from 6.2 × 103 to 4.0 × 105 in sample trees (Table S1). Fur-
thermore, as the diameter classes advanced from 10–20 cm 
to 30 cm and above, the average fruit production increased 
from 3,704 ± 1,396 to 61,834 ± 35,561 and seed produc-
tion rose from 12,780 ± 4,817 to 213,328 ± 122,686 (Ta-
ble 1). Larger trees, with greater dimensions in diameter, 
crown length and height produced more reproductive lo-
cations, leading to increased fruit yield. We found that the 
fruit set was substantially higher in larger diameter classes. 
The result of MANOVA indicated a significant effect of di-
ameter classes on the fruit set and the number of reproduc-
tive locations in the sample trees (Wilks = 0.4274, F(2,18) = 
4.500, p < 0.005, Fig. 2). The ANOVA results revealed that 
there was no significant effect of diameter classes on the av-
erage number of inflorescences per reproductive locations 
(F(2,18) = 1.158, p = 0.336) and the average fruit set per in-
florescence in sample trees (F(2,18) = 0.438, p = 0.652). How-
ever, a significant, strong positive correlation was observed 
between the diameter and number of reproductive locations 
in sample trees (r (19) = 0.897, p < 0.001). The variability of 
reproduction and period of ripe fruit availability in sample 
trees across different diameter classes are illustrated in Table 
1.
	 Furthermore, the MANOVA results highlighted 
the significant effects of height (Wilks = 0.2535, F(1,19) = 
26.49, p < 0.001) and crown length (Wilks = 0.2048, F(1,19) 
= 34.94, p < 0.001) on the number of reproductive loca-
tions and fruit set. We noticed a rapid increase in height 
among sample trees in the smaller diameter class, while 
fruit production gradually rose. Conversely, height growth 
stabilised for medium and larger-sized classes, leading to 
an exponential increase in fruit set (Table 1). The height 
did not have a significant effect on average inflorescence 
production per reproductive location (F (11,9) = 1.837, p = 
0.185) and average fruit set per inflorescence (F(11,9) = 0.34, 
p = 0.952). Similarly, crown length did not have a signif-
icant impact on the average inflorescence production per 
reproductive location (F(14,6) = 0.308, p = 0.86) and average 
fruit set per inflorescence (F(14,6) = 0.795, p = 0.663). There 
was a significant, strong positive correlation between height 
and number of reproductive locations per tree (r(19) = 0.793, 
p < 0.001) as well as between crown length and number of 
reproductive locations per tree (r(19) = 0.875, p < 0.001). 

Seed dispersers and feeding behaviour

During the fruit ripening period of M. azedarach, ani-

Fig. 1. Fruit morphology and variability in seed production 
within the fruits of Melia azedarach. (a) fully ripened and yel-
lowish wrinkled partially dried fruit, (b) transverse section of 
the multi-locular fruits containing 2–6 seeds.
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Table 1. Variability in reproduction and period of ripe fruit availability among sample trees of Melia azedarach under different 
diameter classes. D – Average diameter (cm), H – Average height (m), CL – Average crown length (m), RL –Average number 
of reproductive locations per tree, I – Average number of inflorescences per reproductive locations, S –Average fruit set per 
inflorescence, TF – Average fruit set per tree, SF – Average seed/fruit set, TS – Average seed set per tree, AEFR – Average 
estimated fruit removal by animal visitors per day, EPRF – Estimated period of availability of ripe fruits on trees in days, N – 
Number of sample trees in each diameter class.

Attributes
	 Diameter classes (N = 7)

	 >30 cm	 21–30 cm	 10–20 cm

D	 42.1 ± 8.0	 25.4 ± 2.2	 15.8 ± 3.37
H	 11.8 ± 2.2	 8.68 ± 1.6	 7.5 ± 0.43
CL	 6.78 ± 2.2	 5.1 ± 1.5	 4.2 ± 0.85
RL	 557 ± 326	 156 ± 99.9	 31.4 ± 10.6
I	 11 ± 0.63	 11.3 ± 0.47	 11.4 ± 0.31
S	 10.2 ± 0.56	 10.5 ± 0.56	 10.2 ± 0.51
TF	 61,834 ± 35,561	 19,450 ± 13,468	 3,704 ± 1,396
SF	 3.45 ± 0.99	 3.45 ± 0.99	 3.45 ± 0.99
TS	 213,328 ± 122,686	 67,102 ± 46465	 12,780 ± 4,817
AEFR	 1,259.9 ± 107	 1,259.9 ± 107	 1,259.9 ± 107
EPRF	 49 ± 28.2	 15.4 ± 10.6	 2.94 ± 1.11

Fig. 2. Variation in the total number of fruit production and reproductive locations among sample trees across different diameter 
classes in Melia azedarach. TF– average fruit set per tree, RL – total number of reproductive locations per tree.

mals from seven different families, including Pycnon-
otidae, Bucerotidae, Sturnidae, Psittaculidae, Corvidae, 
Sciuridae, and Canidae were observed visiting the sample 
trees. A total of 1,749 visits were recorded from different 
species including two mammals and ten distinct bird spe-
cies (Table 2). Mammals such as the Indian palm squirrel 
(Funambulus palmarum) were observed making 5 visits 
to the branches of the sample trees but never seen con-
suming its fruits (Fig. 3a). Among the birds, Jungle Myna 
(Acridotheres fuscus) and House crow (Corvus splendens) 
have made 6 visits each (Fig. 3b). The Rose-ringed Para-
keet (Psittacula krameri) had the highest estimated fruit 
removal and endocarp dispersal, reaching 1,872 with an 
average of 15.6 ± 10.2 fruits per visit. Typically, they ar-
rived in groups ranging from 1 to 24 (Fig. 3c), spending an 
average of 10–20 minutes per visit on the branches (Fig. 
3d). They peck off the fruits and consume the fruit pulp 
by chewing with the beak, and then drop the fruit below 
the mother tree. Plum-headed Parakeet (Psittacula cyano-
cephala) made 3 visits (Fig. 3e). Oriental Pied Hornbill 

(Anthracoceros albirostris) was either visited in solitary 
or in groups of 1–3, spending 15–30 minutes per visit and 
ingesting fruits by swallowing (Fig. 3f–h). Oriental Pied 
Hornbill (A. albirostris) and Indian Grey Hornbill (Ocy-
ceros birostris) have made 10 and 16 visits, respectively 
with an average fruit removal of 3.9 ± 1.2 fruits per visit 
(Fig. 3i–j). Among the bulbuls observed, the Red-vented 
Bulbul (Pycnonotus cafer) has made 99 visits. During 
these visits, it removed an estimated total of 99 fruits and 
dispersed their endocarp with an average of one fruit swal-
lowed per visit (Fig. 3k). Red-billed Blue-Magpie (Uro-
cissa erythroryncha) have made 5 visits (Fig. 3l) and was 
among the several other bird species who have been found 
visiting the sample trees but did not contribute to fruit re-
moval in terms of pecked, swallowed, or chewed fruits.
	 Bird species contributed to most of the visits and fruit 
removal from the sample trees. The Himalayan Black Bul-
bul (Hypsipetes leucocephalus) was the most frequently 
visiting bird species, with 1,132 visits lasting on average 
from 0.5 to 1.5 minutes. The estimated fruit removal by 
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this bird was 1,358.4 corresponding to the total endocarp 
dispersed with an average of 1.2 ± 0.57 fruits per visit. It 
consumed fruits by swallowing without wasting the fruit 
(Fig. 3m–n). Himalayan Bulbul (Pycnonotus leucogenys) 
was the second most common visitor with a total of 345 
visits and 345 fruits eaten with an average removal of one 
fruit per visit by swallowing or occasionally eating the fruit 
pulp and dropping the seed (Fig. 3o). Dogs were found to 
be collecting fallen fruits near the tree and chewing them, 
considered to be seed predators rather than dispersers. We 
did not notice any fruit bats visiting the sample trees during 
the night. The details of the animal visitors and their media-
tion in seed dispersal are described in Table 2.
	 The two-way ANOVA showed that there was sig-
nificant difference in the number of visits across species 
(F(11,44) = 25.44, p < 0.001, Fig. 4). However, there was no 
substantial difference in number of visits at various time 
intervals (F(4,44) = 2.168, p = 0.088). The average daily 
fruit removal estimate was 1,259.9 ± 107 and the estimat-
ed period of ripe fruit availability in sample trees varied 

from 1.4 to 93.7 days. The result of the two-way ANOVA 
revealed a significant difference in the total estimated en-
docarp dispersal among species (F(11,44) = 15.53, p < 0.001, 
Fig. 5), while no substantial differences were observed 
across time intervals (F(4,44) = 1.79, p = 0.147).

Discussion 

Fruit production and seed yield

Melia azedarach typically starts its reproductive activity 
from the small size of the shrub growth habit (Batcher, 
2000), and the fruit set is unequal among conspecific in-
dividuals. Tree size has a substantial role in the reproduc-
tion of all the tree species. Smaller trees were unable to 
reproduce until they reached a species-specific size thresh-
old (Okimat et al., 2024; Minor and Kobe, 2017). Our 
findings indicate that tree size attributes like crown length, 
diameter and height are strong predictors of reproductive 

Table 2. Animal-mediated fruit removal and endocarp dispersal in Melia azedarach. TV – Total number of visits, R – Range, 
D – Duration of visits in minutes, FR/C/V – Fruit removal/consumption per visit, EFR – Estimated fruit removal, TEED –Total 
estimated endocarp dispersed, CN – Common name, SN – Scientific name.

Animal visitors	 Family	 TV	 R	 D	 FR/C/V	 EFR	 TEED

Himalayan BulbulCN

Pycnonotus leucogenysSN	 Pycnonotidae	 345	 1–10	 1–2	 1 ± 0	 345	 345

Himalayan Black BulbulCN

Hypsipetes leucocephalusSN	 Pycnonotidae	 1,132	 1–28	 0.5–1.5	 1.2 ± 0.57	 1,358.4	 1,358.4

Indian Grey HornbillCN

Ocyceros birostrisSN	 Bucerotidae	 16	 1–2	 15–45	 3.9 ± 1.2	 62.4	 62.4

Jungle MynaCN

Acridotheres fuscusSN	 Sturnidae	 6	 1–6	 1–5	 0	 0		  0

Plum-headed ParakeetCN

Psittacula cyanocephalaSN	 Psittaculidae	 3	 1–2	 10–20	 0	 0		  0

Rose-ringed ParakeetCN

Psittacula krameriSN	 Psittaculidae	 120	 1–24	 10–20	 15.6 ± 10.2	 1,872	 1,872

Red-billed Blue-MagpieCN

Urocissa erythrorynchaSN	 Corvidae	 5	 1–2	 2–5	 0	 0		  0

Oriental Pied HornbillCN

Anthracoceros albirostrisSN	 Bucerotidae	 10	 1–3	 15–30	 3.9 ± 1.2	 39		 39

Red-vented BulbulCN

Pycnonotus caferSN	 Pycnonotidae	 99	 1–4	 1–2	 1 ± 0	 99		 99

Indian palm squirrelCN

Funambulus palmarumSN	 Sciuridae	 5	 0–1	 10–15	 0	 0		  0

House crowCN

Corvus splendensSN	 Corvidae	 6	 1–3	 1–5	 0	 0		  0

Dogs	 Canidae	 2	 0–1	 –	 2	 0		  4

Fruit Bats	 Pteropodidae	 0	 0	 0	 0	 0		  0
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Fig. 3. Seed dispersers and their feeding behaviour in Melia azedarach, (a) Indian palm squirrel spotted over the trunk, (b) 
Jungle Myna perching over the branches, (c) a flock of Rose-ringed Parakeet (n = 24) are eating the fruit pulp, (d) Rose-ringed 
Parakeet sitting over the branches, (e) Plum-headed Parakeet sitting over the reproductive locations, (f) Oriental Pied Hornbill 
sitting over the branches, (g–h) Oriental Pied Hornbill collecting and swallowing fruits, (i–j) Indian Grey Hornbill collecting 
and swallowing fruits, (k) Red-vented Bulbul swallowing the fruits, (l) Red-billed Blue-Magpie sitting over the branches, 
(m–n) Himalayan Black Bulbul swallowing the fruit, (o) Himalayan Bulbul collecting and eating the fruit.

Fig. 4. List of animals visited at different time intervals in Melia azedarach during the three days of observations. TV – total 
visits, D – dogs, HB – Himalayan Bulbul, HBB – Himalayan Black Bulbul, HC – House crow, IGH – Indian Grey Hornbill, 
Ips – Indian palm squirrel, JM – Jungle Myna, OPH – Oriental Pied Hornbill, PhP – Plum-headed Parakeet, RBM – Red-billed 
Blue-Magpie, RrP – Rose-ringed Parakeet, RVB – Red-vented Bulbul.

maturity and fruit-yielding capacity in the population of 
M. azedarach. The increase in fruit yield is attributed to 
trees with larger diameters, stabilized height, and crown 
growth. These trees are more likely to be reproductively 
mature, allocating additional resources to reproduction 
rather than growth. The importance of resources for tree 
reproduction has already been stressed (Ichie and Nak-

agawa, 2013). Large trees not only provide but also store 
and access more resources (Bazzaz et al., 1987; Owens, 
1995). Indeed, there is a somewhat direct linkage between 
plant size and resource availability (Bazzaz et al., 1987), 
with larger trees having better access to above- and be-
low-ground resources (Carbone et al., 2013; Han et 
al., 2008). Moreover, larger plants generally have more 
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annual photosynthetic resources to allocate to reproduc-
tion (Greene and Johnson, 1994; Wenk and Falster, 
2015; Wenk et al., 2018), a greater ability to acquire and 
store nutrients and carbohydrates (Carbone et al., 2013; 
Greene and Johnson, 1994; Han et al., 2008), resulting 
in enhanced fruit yield.
	 We discovered that the size of the trees did not affect 
the number of inflorescences produced per reproductive 
location and the number of fruit sets per inflorescence in 
the sample trees. Flowers in M. azedarach support both 
self-pollination or cross-pollination in the wild (Mabber-
ley, 1984), hence the possibility of variation in fruit set due 
to insufficient pollination can be ignored. This indicates 
that the inflorescence production and flowers per inflo-
rescence within the reproductive location of a tree remain 
consistent regardless of its size. Furthermore, our result 
shows that the fruit set was substantially higher in larger 
diameter classes. Trees with larger diameters presumably 
allocate more resources to reproduction rather than growth 
in more mature trees (Chapman et al., 1992; Somanathan 
and Borges, 2000; Snook et al., 2005). Several studies 
have found a strong predictive relationship between tree 
trunk size and fruit production (Chapman et al., 1992; Jen-
nings and Baima, 2005; Snook et al., 2005; Kainer et al., 
2007; Nabe-Nielsen et al., 2009; Solís et al., 2009; Jones 
and Comita, 2008; Klimas et al., 2012). 
	 The observed gradual rise in fruit production and rap-
id height growth among trees of smaller sizes indicate a 
trade-off between height growth and reproductive output 
during the initial reproductive stages. This facilitates trees 
to overcome biotic interference and increase their fitness. 
On the other hand, a notable impact of height on fruit set in 
large-sized trees suggests that taller trees may exhibit sta-
bilized height or reduced rate of height growth, resulting 
that the larger trees being able to devote more resources to 
reproduction. The differential investment in growth and re-
production has already been reported (Suzuki et al., 2019; 
Kohyama et al., 2003; Westoby, 1998; Reekie and Ba-

Fig. 5. Seed dispersal pattern by the animal visitors at various time intervals in Melia azedarach throughout the three-day obser-
vation periods. TEED – total estimated endocarp dispersed, D – dogs, HB – Himalayan Bulbul, HBB – Himalayan Black Bul-
bul, HC – House crow, IGH – Indian Grey Hornbill, Ips – Indian palm squirrel, JM – Jungle Myna, OPH – Oriental Pied Horn-
bill, PhP – Plum-headed Parakeet, RBM – Red-billed Blue-Magpie, RrP – Rose-ringed Parakeet, RVB – Red-vented Bulbul.

zzaz, 2005; Obeso, 2002; Minor and Knobe, 2019). Fur-
thermore, M. azedarach trees with larger height and crown 
length are likely to exhibit a larger crown volume or area. 
These trees often produce multiple short branches with 
several reproductive locations, which enhances fruit pro-
duction. Large trees typically have large crowns resulting 
in higher fruit production (Snook et al., 2005). Variations 
in fruit yield across tree crowns have been documented 
in several studies (Pradhan et al., 2024; Johnson et al., 
2005; Bartczak et al., 2010).  

Seed dispersers and feeding behaviour

Our research reveals that the seed dispersal in Melia aze-
darach is primarily facilitated by the animals, especially 
birds. Out of the ten bird species and two species of mam-
mals that visited the sample trees, six bird species and one 
species of mammal were noticed to consumed or dropped 
the fruit, aiding in the dissemination of the seeds of M. 
azedarach. However, the Rose-ringed Parakeet and dogs 
were not identified as efficient seed dispersers. Several 
studies have documented the variety of dispersers from 
various regions that consume the fleshy fruits of M. azeda-
rach including that (i) seven species of birds and one spe-
cies of bats were recorded as the potential seed dispersers 
(Voigt et al., 2011), (ii) In North America, seeds are dis-
persed by birds, cattle, gravity, and water, (iii) In Florida, 
it is dispersed by song birds (Rojas-Sandoval, 2022), (iv) 
In Israel, during winter, the bat species Rousettus aegyp-
tiacus can have 30–50% of the diet comprised of M. aze-
darach seeds (Korine et al., 1999), (v) In Australia, only 
four frugivorous birds such as the Silvereye (Zosterops 
lateralis), Pied Currawong (Strepera graculina), Figbird 
(Sphecotheres vieilloti), Lewin’s Honeyeater (Meliphaga 
lewinii) were identified (Green, 1993), and (vi) Addition-
ally, in China, deer species like muntjak are responsible 
for dispersing the seeds (Chen et al., 2001). Our findings 
show that bird species from the family Pycnonotidae, par-
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ticularly Hypsipetes leucocephalus, were frequent visitors 
consuming the whole fruit by swallowing it and spending 
minimal time during each visit. On the other hand, birds 
like the Ocyceros birostris and Anthracoceros albirostris 
from the family Bucerotidae had brief visits but spent lon-
ger periods during each visit. When bird visits are short, 
they are more likely to carry seeds away from the parent 
plant. In this case, it results in a less clumped distribution 
of seeds, thus reducing the density-dependent mortality 
(Howe and Smallwood, 1982). 
	 Our research indicates that bird species like the Hyp-
sipetes leucocephalus, Pycnonotus leucogenys, and Pyc-
nonotus cafer from the Pycnonotidae family, as well as the 
Ocyceros birostris and Anthracoceros albirostris from the 
Bucerotidae family were identified as the legitimate seed 
dispersers of M. azedarach. Pycnonotus cafer and Pycnon-
otus leucogenys were also observed as legitimate pollina-
tors from north west Himalaya (Khanduri, 2022) and P. 
cafer from north east Himalaya (Khanduri, 2023), India. 
We observed that the above mentioned four bird species 
consumed the whole ripe fruit of M. azedarach without 
damaging or dropping the seeds beneath the parental plant, 
increasing the likelihood of dispersal to an optimal micro-
site. We infer that, seeds consumed by these birds act as 
pre-treated seeds ready for germination. The consumption 
of fruits by birds speeds up the removal of the fruit pulp 
(Barnea et al., 1991), decreases fungal and bacterial in-
fections of seeds (Moore, 2001), and digestive acids in the 
bird gut affect seed dormancy through physical and chemi-
cal damage to the seed coat (Dlamini et al., 2018), leading 
to effective germination of seed. Moreover, the seeds that 
are dispersed to a new and suitable habitat, with less com-
petition, herbivory, disturbances and/or more available of 
resources, can germinate successfully (Terborgh et al., 
2008). However, according to various studies, the location 
and the distance where seeds are deposited will rely on the 
foraging site preferences of the dispersers (Jordano and 
Schupp, 2000; Wenny, 2001; Wenny and Levey, 1998). 
Bulbuls tend to favour open habitats (Keith et al., 1992), 
while Hornbill typically prefer dense old-growth unlogged 
forests in hilly regions (Datta, 1998). Thus, the seed dis-
persal of M. azedarach is anticipated to span across a vari-
ety of environments, ranging from open habitats to dense 
mature forests in this region.  
	 We observed that Psittacula krameri as one of the 
common visitors of M. azedarach, generally visit in groups 
and remove a substantial number of fruits. They use their 
beaks and legs to chew the fruits and then regurgitate or 
drop them near the parent tree. These parakeets exhibit 
a higher fruit removal rate per visit and tend to stay lon-
ger, often leaving the fruit beneath the parent plant. This 
behaviour increases the risk of seed predation or intense 
competition under the parent plant. Survival of seeds and 
seedlings is often lower near the parent plant (Augspurg-
er and Kelly, 1984), high densities expose the seeds and 
seedlings to attacks by insects and rodents (Pizo, 1997). 
Even if the seeds escape predation on the ground and ger-
minate, there will be heavy competition among seedlings 
to survive below the fruiting tree and the chances of the 

successful establishment are thus remote (Howe, 1980). 
Many studies have documented this destructive feeding 
behaviour of Psittacula krameri (Sandhu and Dhindsa, 
1982; Malhi and Brar, 1987; Saini et al., 1994). Our re-
search suggests that Psittacula krameri is a pre-dispersal 
seed predator or seed dropper of M. azedarach. More-
over, dogs are more likely to be seed predators rather than 
secondary dispersers, as they seldom eat fruits and could 
potentially harm the seeds while consuming them. The 
destructive consumption of seeds directly kills a part of 
the plant’s progeny (Hulme and Benkman, 2002) and may 
heavily reduce the number of seeds reaching to a suitable 
microsite to germinate (Andersen, 1989).
	 We have observed only a limited number of animal 
seed dispersers consuming and dispersing the seeds of 
M. azedarach. The fruit traits such as toxicity, size, and 
nutrient composition can deter many frugivores from eat-
ing it (Schaefer et al., 2003; Botha and Penrith, 2009; 
Wheelwright, 1985; Voigt et al., 2011), resulting in de-
creased diversity in seed dispersers. Furthermore, we spec-
ulate that the period of availability of ripe fruits in sample 
trees differed based on their fruit production capacity, ex-
tent of seed predation, number and choice of potential seed 
dispersers, frequency of visits and feeding behaviour. Our 
results also suggest that the tree species with very high 
fruit production but very limited periods of availability of 
ripe fruits are more likely to the intense pressure from seed 
droppers or seed predators rather than visits from seed dis-
persers. Our results are consistent with other studies that 
found a significant effect of seed loss by avian seed pred-
ators (Jordano, 1983; Yoshikawa and Kikuzawa, 2009). 
Studies have also reported the detrimental effect of seed 
predators on plant population growth. In the undisturbed 
vegetation, seed losses by post-dispersal predators (ants 
and rodents) ranged from 1–20% of seeds removed per day 
(Mittelbach and Gross, 1984) and pre-dispersal insect 
seed predators frequently kill >90% of developing seeds 
(Crawley, 1992). 
	 Our research shows that the diversity of animal seed 
dispersers for Melia azedarach is limited. We observed 
that trees attract their dispersers by providing food sources 
like fleshy fruits. Additionally, the abundant slender, leaf-
less branchlets in its canopy create perfect spots for rest-
ing and shelter of avian fauna. The interactions between 
this tree species and its animal seed dispersers influences 
the rate at which these fleshy fruits are consumed and the 
subsequent seed dispersal pattern. These dynamics play a 
crucial role in the tree’s regeneration, distribution and the 
restoration of its habitat. The distribution of seeds away 
from the parent plant can decrease the high mortality rates 
due to autotoxicity, competition, and the risk of seed pre-
dation. These biotic interactions, specifically animal-me-
diated seed dispersal, are essential for conserving ecosys-
tems, as they support ecosystem functionality. They also 
contributed to improving ecosystem functions (Peres et 
al., 2016), strengthen trophic relationships, complement 
other approaches like habitat rewilding (Genes and Dir-
zo, 2022), and facilitate corridor restoration in fragmented 
landscapes (Schooler et al., 2020). Moreover, the inter-
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actions between this fleshy fruited tree and animal dis-
persers offer advantages for both the tree and its animal 
partners, as the animals receive nourishment from the fruit 
pulp, while the tree gains the benefit of having its seeds 
spread away from the vicinity of the parent tree. In return 
for fruit pulp, animals deposit seeds in favourable micro-
habitats, improve seed germination, and help plants to 
colonize new locations (García-Rodríguez et al., 2022). 
Thus, the seed dispersal mutualism is an important eco-
system process that contributes to animal nutrition and the 
plant’s regeneration cycle (Howe and Smallwood, 1982), 
balancing plant - animal mutualism, ecosystem function-
ing and habitat restoration.

Conclusion

Findings from our study reveal that Melia azedarach trees 
bear abundant fruits and the fluctuation in fruit yields is 
directly associated with tree size factors such as height, 
diameter and crown length. Trees that are large in terms of 
height, diameter and crown length indicate their reproduc-
tive maturity and allocate more resources to reproduction, 
resulting in increased fruit and seed yield. Native animals, 
typically birds, disperse the seeds of M. azedarach and 
their diversity depends on the fruit traits and preferenc-
es of the diverse seed dispersers. Our findings confirm 
that Hypsipetes leucocephalus, Pycnonotus leucogenys, 
Pycnonotus cafer, Ocyceros birostris and Anthracocer-
os albirostris play significant roles as seed dispersers in 
the animal-mediated seed dispersal of M. azedarach. The 
current investigation reveals that the Psittacula krameri 
drops a significant number of fruits beneath the parent 
plant and acts as a driver of seed predation, hence it can be 
viewed as a pre-dispersal seed predator of M. azedarach. 
The average period of ripe fruit availability is correlated 
with the interplay between seed dispersers and predators 
within the tree. Thus, the prolonged period of availabil-
ity of ripe fruits in large to moderate fruit-yielding trees 
reflects minimal visits from seed predators or fruit drop-
pers, facilitating effective seed dispersal by potential dis-
persers. Conversely, the shorter period of availability of 
ripe fruits indicates the high threat from seed predators or 
droppers, leading to decrease in successful seed dispersal 
potential. Our research findings will aid future research-
ers in understanding the interdependent relationship be-
tween tree species and the crucial role of their potential 
seed dispersers in population dynamics, thus impacting 
forest ecology. 
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Supplementary material 

Table S1. Variability in fruit and seed production on sample trees of Melia azedarach. H – Height, D – Diameter, DC – Diame-
ter classes, CL – Crown length, RL – Total number of reproductive locations per tree, I – Average number of inflorescences per 
reproductive locations, S – Average fruit set per inflorescence, TF – Average fruit set per tree, SF – Average seed/fruit set, TS 
– Average seed set per tree, AEFR – Average estimated fruit removal by animal visitors per day, and EPRF – Estimated period
of  availability of ripe fruits on trees in days.

	    D	 H	 CL	 RL	 I	 S	 TF	 SF	 TS	 AEFR	 EPRF

1	 >30 cm 54	 13	 10.5	 1,111	 10.9	 9.75	 118,072	 3.45	 407,347	 1,259.9 ± 107	 93.7
2	 >30 cm 49	 15.5	   9.5	    998	 11.1	 10.45	 115,763	 3.45	 399,382	 1,259.9 ± 107	 91.9
3	 >30 cm 48	 14	   6.5	    405	 12.4	 10.15	   50,973	 3.45	 175,858	 1,259.9 ± 107	 40.5
4	 >30 cm 46	 11	   7	    651	 10.85	   9.4	   66,395	 3.45	 229,064	 1,259.9 ± 107	 52.7
5	 >30 cm 36	   8	   4	    376	 11.1	   9.9	   41,319	 3.45	 142,549	 1259.9 ± 107	 32.8
6	 >30 cm 31	 11	   4	    144	 10.75	 11.4	   17,647	 3.45	   60,883	 1,259.9 ± 107	 14.0
7	 >30 cm 31	 10	   6	    217	   9.95	 10.5	   22,671	 3.45	   78,215	 1,259.9 ± 107	 18.0
8	 21–30 cm	 29	   7.8	   5.3	    241	 11.5	 11.2	   31,041	 3.45	 107,091	 1,259.9 ± 107	 24.6
9	 21–30 cm	 28	 12	   8	    341	 12	 11	   45,012	 3.45	 155,291	 1,259.9 ± 107	 35.7
10	 21–30 cm	 26	 10	   4.5	      94	 11.1	 10.2	   10,643	 3.45	   36,717	 1,259.9 ± 107	   8.4
11	 21–30 cm	 25	   8.5	   6.7	    238	 11	 11.2	   29,322	 3.45	 101,160	 1,259.9 ± 107	 23.3
12	 21–30 cm	 25	   8.5	   3.5	      55	 11.9	   9.6	     6,283	 3.45	   21,677	 1,259.9 ± 107	   5.0
13	 21–30 cm	 23	   6	   3.5	      72	 10.5	 10.2	     7,711	 3.45	   26,604	 1,259.9 ± 107	   6.1
14	 21–30 cm	 22	   8	   4	      53	 11.7	   9.9	     6,139	 3.45	   21,180	 1,259.9 ± 107	   4.9
15	 10–20 cm	 20	   8	   5.5	      40	 11.8	 10.9	     5,145	 3.45	   17,750	 1,259.9 ± 107	   4.1
16	 10–20 cm	 19	   7	   4.2	      50	 11.2	 11	     6,160	 3.45	   21,252	 1,259.9 ± 107	   4.9
17	 10–20 cm	 19	 7.5	   3.2	      40	 11.6	   9.8	     4,547	 3.45	   15,688	 1259.9 ± 107	   3.6
18	 10–20 cm	 17	   8	   4	      26	 11.7	   9.4	     2,859	 3.45	     9,865	 1,259.9 ± 107	   2.3
19	 10–20 cm	 14	   7	   3	      28	 11.65	   9.8	     3,197	 3.45	   11,029	 1,259.9 ± 107	   2.5
20	 10–20 cm	 12	   8	   5.5	      20	 10.8	 10.25	     2,214	 3.45	     7,638	 1,259.9 ± 107	   1.8
21	 10–20 cm	 10	   7	   4	      16	 11.2	 10.1	     1,810	 3.45	     6,244	 1,259.9 ± 107	   1.4


