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Our understanding of the qualitative and quantitative 
aspects of seed dispersal by Asian elephants is at its 
infancy. We explored some of these aspects at Kaudulla 
National Park, Sri Lanka, focusing on the germination 
potential of dispersed seeds, and the influence of gut 
passage on germination and latency in the seeds of 
Bauhinia racemosa. Seeds of ten species were dis-
persed and their germination potential was generally 
poor. However, gut passage significantly reduced the 
latency period of B. racemosa. Long-term research on 
frugivory, passage times of seeds and ranging beha-
viour will help develop wildlife management plans. 
 
Keywords: Asian elephants, Bauhinia racemosa,  
latency, seed dispersal. 
 
SEED dispersal has a profound impact on plant spatial 
structure, dynamics and community composition. The 
spatial distribution of seeds relating to their source plant 
sets the initial template for future processes that lead to 
plant recruitment1,2. As a result, seed dispersal has re-
ceived significant attention of ecologists3. It has become 
the key to understanding several ecological phenomena 
such as community structure4,5, population dynamics6, evo-
lutionary trade-offs7, ecological restoration8, interaction 
networks9 and biological invasions10. Animal-mediated 
seed dispersal is the most prevalent dispersal mechanism 
among plant species, as many plants possess highly 
adapted fruits that depend on vertebrates for recruit-
ment11,12. 
 Endozoochoric seed dispersal, in which dispersal is  
effected by animals after passage through the gut, has 
been shown to reduce seed or seedling mortality due to 
higher predation rates, pathogen infection13 and sibling 
competition near the parent plant14, and aid colonization 
of disturbances or locating microhabitats suitable for  
establishment and growth15. For instance, seeds dispersed 
45 m away from the mother plant of baboon wood (Virola 
surinamensis) recorded a 44-fold advantage in seed sur-
vivorship when compared to seeds deposited beneath the 
crown16. Over evolutionary time, animal seed dispersal 
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patterns define the gene flow among populations and the 
rate at which species are exposed to new selection re-
gimes, aiding evolution in novel environments17. 
 The framework of seed disperser effectiveness (SDE) 
proposed by Schupp et al., for evaluating the contribution 
of individual dispersal agents to plant fitness, and to bet-
ter link studies of seed dispersal and plant demography, 
consists of two main components – the quantitative  
aspect and the qualitative aspect. Many studies on the  
visitation of fruiting plants focus on the quantitative  
aspect of seed dispersal18. Studies on the ranging beha-
viour and gut passage effects on germination focus on the 
qualitative aspects of seed dispersal19. Seldom have seed 
dispersal studies addressed both quantitative and qualita-
tive elements which are essential for a comprehensive  
assessment of SDE20. 
 Megafaunal seed dispersers are of significant interests 
to ecologists as they have the capacity to ingest fruits that 
are not consumed by other frugivores and also deliver 
more seeds per defecation event over longer distances21. 
Elephants, one of the few remaining extant megafauna22, 
possess a large gape which ensures that their diet is not 
constrained by fruit size23. Owing to their demanding 
energy requirements and hindgut digestion, elephants 
maintain an extremely diverse diet and also consume 
fruits24,25. Furthermore, they range over a vast area and 
also have lengthy gut passage times which enhance their 
potential to disperse ingested seeds well away from the 
parent plant26. Elephants also release large amounts of  
viable seeds27. Additionally, their dung provides favoura-
ble germination conditions in terms of moisture for ger-
mination and nutrient availability for seedling growth28,29. 
Together these factors reinforce the role of elephants as 
prodigious seed-dispersers23. 
 While several studies have analysed the seed dispersal 
potential of elephants majority of them have focused on 
African elephants (Loxodonta africana)12,30–33. Compara-
tively, only few studies have focused on frugivory and 
seed dispersal by Asian elephants23,34,35. These studies 
show that there is considerable variation in frugivory and 
seed dispersal potential between African and Asian ele-
phants, and also between populations of a given species. 
For instance, Asian elephants in southeastern Sri Lanka 
dispersed seeds of 69 plant species29, while elephants in 
the Khao Yai National Park, Thailand dispersed only nine 
species28. Hence, a few studies are insufficient to evaluate 
the seed dispersal potential of Asian elephants. 
 Furthermore, studies on elephant seed dispersal and 
feeding ecology in Sri Lanka indicate that Maila (Bauhinia 
racemosa) is a common dietary item of elephants34,36,37. 
The dry-zone forests in Sri Lanka are dominated by plants 
species of the family Euphorbiaceae38. B. racemosa (Faba-
ceae) appears to be the dominant tree species in habitats 
favoured by elephants39. Hence, it is possible that B. ra-
cemosa dispersal and establishment is facilitated by ele-
phants. An understanding of the impact of elephants on 

the vegetation structure and composition is important in 
formulating conservation management plans.  
 Hence, the objective of this study was to determine the 
seed dispersal potential of Asian elephants in the Kaudulla 
National Park, in the dry zone of Sri Lanka, by evaluating 
both quantitative and qualitative aspects of seed disper-
sal. We specifically studied the diversity of plant species, 
and the quantity of seeds and germination potential of 
seeds dispersed by elephants, including B. racemosa. Fur-
thermore, only few studies have been carried out on the 
feeding ecology36,37,40 in Sri Lanka and hence, this study 
also contributes to the understanding of feeding ecology 
of the Asian elephants in Sri Lanka. 
 The study was conducted in the Kaudulla National 
Park, located on the fringe of the ancient Kaudulla Tank 
(8.1611°N, 80.9050°E) that lies within the Polonnaruwa 
District of the North-Central Province in Sri Lanka (Fig-
ure 1). The Park covers a total area of 66.56 km2. Vegeta-
tion in the region can be subdivided structurally into 
tropical dry mixed evergreen forest, grassland and rive-
rine forest. Tree species such as palu (Manilkara hexan-
dra), sandun (Chloroxylon swietenia) and milla (Vitexa 
ltissima). Kukuruman (Randia dumetorum), and wara 
(Calotropis gigantea) are common in the shrub layer. The 
grasslands are dominated by grasses such as iluk (Impe-
rata cylindrica), and gini tana (Panicum maximum). The 
mean annual rainfall in the region ranges between 1500 
and 2000 mm, and is received mostly during December to 
February. The monthly temperature ranges between a 
mean daily maximum of 34.5°C and a mean daily mini-
mum of 20.6°C. 
 Several visits were made to the Kaudulla National Park 
from July to September 2015, during the fruiting season 
in the dry zone38. Jeep trails, which are more or less con-
centrated in the grasslands around the Kaudulla Reser-
voir, were traversed in a vehicle from around 7.00 to 
11.00 AM and 3.00 to 5.30 PM. When elephant herds 
were encountered, they were followed until they retreated 
back into the forest. The elephants within the Park are 
habituated to the presence of vehicles and could be  
approached to within a distance of 50 m, without showing 
any signs of agitation or flight during the study period. 
Three boli were collected from each dung pile soon after 
defecation. We considered boli scattered within a radius 
of 3 m of a pile to be part of a single pile. We managed to 
collect a total of 66 dung piles during the study period. 
The boli were dried and then shredded by hand using 
rubber gloves to determine the presence/absence of seeds. 
Recovered intact seeds were counted and identified using 
voucher samples extracted from ripe fruits collected at 
the base of fruiting trees. 
 All visually undamaged seeds of all plant species  
encountered in the dung were subjected to germination 
trials to assess their viability and germination potential. 
The number of seeds subjected to testing was dependent 
on their availability. The seeds were placed on a wet 
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Figure 1. Map showing the study area. Red grids indicate sampled area (source: Department of Wildlife Conservation, Sri Lanka). 
 

 
floristic foam held in plastic containers under partial 
shade in a plant house, and checked daily for germina-
tion41. They were watered whenever the floristic foam 
became dry to touch. 
 Germination trials using seeds of maila (B. racemosa) 
were carried out to determine differences in the germina-
tion success and latency period between ingested seeds 
collected from elephant dung and fresh seeds from ripe 
fruit collected under the fruiting trees. Bauhinia seeds 
were chosen as they were highly abundant in elephant 
dung and had a higher germination success in comparison 
to other species. In total, 60 ingested seeds and 40 fresh 
seeds were used during the course of two germination tri-
als. Some Bauhinia seeds were not included in the trial 
due to the presence of bored holes in the outer seed coat. 
Germination was monitored for a period of three weeks, 
as delineated by Samansiri and Weerakoon34. Germina-
tion success and latency period of fresh seeds and in-

gested seeds were recorded. Appearance of the sprout 
was considered as germination success and time taken for 
appearance of the sprout was considered as the latency 
period. 
 Pile-wise seed evenness, richness and diversity were 
evaluated using the Shannon–Weiner index and Simpson 
index. The impact of gut passage on germination success 
was tested using a chi-square test of independence, while 
differences in latency period between the experiments 
and controls were determined using t-tests. All statistical 
analysis was performed using SPSS 23.0 at a significance 
level α = 0.05. 
 Relatively small percentage of dung piles (37.9) con-
tained seeds. Seeds from ten plant species were recovered 
from the 66 elephant dung piles (Table 1). Six seeds were 
identified to species level and one to genus level. Two 
were identified to only the family level (species 2 and 4), 
while one remained unidentified (species 5) (Figure 2). 
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Table 1. Frequency, abundance and germination potential of seeds recorded in the dung of Asian elephants (Elephas maximus) at Kaudulla  
  National Park, Sri Lanka 

  Vernacular Number of Dung piles Total number Mean number of Germination  
Family  Scientific name name piles with seeds with seeds (%) of seeds seeds per bolus success (%) 
 

Cucurbitaceae Cucurbita sp. Wattaka  1 1.5 4 1.3 0 
Rhamnaceae Ziziphus oenoplia Heeneraminiya  2 3.0 33 5.5 3.3 
Fabaceae Bauhinia racemosa Maila  5 7.5 83 5.5 41.7 
 Mimosa pudica Nidikumba  1 1.5 2 0.7 0 
Moraceae Artocarpus heterophyllus Kos  2 3.0 15 2.5 66.7 
Poaceae Oryza sativa Wee  2 3.0 57 9.5 16.7 
Solanaceae Unidentified species 2  11 16.7 463 13.9 5 
 Solanum melongena Ela batu  1 1.5 3 0.7 50 
Scrophulariaceae Unidentified species 4   1 1.5 13 5.3 0 
Unknown Unidentified species 5   7 10.6 17 0.8 0 

 
 

 
 

Figure 2. a, Unidentified species 2; b, unidentified species 4; c, unidentified species 5. 
 
 
Seed species recovered from elephant dung were relatively 
small in size, ranging from 3 to 34 mm. The largest seeds 
were those of Artocarpus heterophyllus. Majority of the 
seeds were from herbaceous plant species and three of the 
identified plant species (Cucurbita sp., Oryza sativa, So-
lanum melongena) belonged to cultivated plant  
varieties. 
 The highest germination success was shown by Arto-
carpus heterophyllus (66.7%), while Cucurbita sp.,  
Mimosa pudica, species 4 and 5 did not germinate at all. 
Among the 60 B. racemosa seeds recovered from the 
dung, 25 (41.7%) germinated. The average time taken for 
germination was 11 days (range = 3–21). Of the 40 fresh 
B. racemosa seeds collected from mature fruit, 16 (40%) 
germinated with an average germination time of 17 days 
(range = 10–21). There was no statistically significant 
difference in the germination success between ingested 
and fresh seeds (x2 = 0.028, df = 1, P = 0.868). However, 
difference in the latency period between ingested and 
fresh seeds was statistically significant (t = 2.467, 
df = 24, n1 = 11, n2 = 15, P = 0.021). 
 In this study we recorded seeds from ten plant species 
distributed among relatively low number of dung boli 
(37.9%), suggesting low level of frugivory in comparison 
to African forest elephants. Our findings are in agreement 
with other reports on seed dispersal of Asian elephant 
populations (Table 2). There was also no evidence of any 

plant entirely dependent on Asian elephants for seed dis-
persal. The presence of seeds of cultivated species is most 
likely due to crop raiding by elephants. The abundance of 
certain seeds such as B. racemosa could be due to their 
abundance in elephant habitats39. 
 The variation of frugivory between African and Asian 
elephants could be attributed to differences in habitat 
quality and availability of food resources in the two  
regions the evolutionary history of the two species. Afri-
can elephants occupy tropical rain forests, tropical grass-
lands and savannahs with high diversity of plants which 
produce large seeds dependent on animal dispersal42. In 
comparison, Asian elephants mostly occupy savanna–
woodland habitats (i.e. seasonally dry forests)43, where a 
greater number of species fruit only during the rainy sea-
son40. In Sri Lanka, they inhabit dry evergreen and thorn-
scrub forests in the dry zone45 which are less diverse than 
wet zone forests46. In the dry forests of Sri Lanka, imma-
ture leaf availability is highest during the wet season 
(November–January), and fruit availability during the dry 
season (May–September)47. Moreover, seed dispersal by 
elephants in Sri Lanka most likely occurs the process of 
herbivory, when fruits may be ingested by chance along 
with foliage and twigs, rather than preference48. 
 Furthermore, elephants have inhabited Africa much 
longer than Asia49, giving African flora more time to 
evolve physical and chemical adaptations to facilitate 
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Table 2. Diversity of seeds found in elephant dung 

   Number of dung % Containing No. of 
Elephant taxon Country      Site piles sampled  seeds species Reference  
 

AFE Gabon Institute for Research in Tropical Ecology 104 99 32 12 
 Zaire Kahuzi-Beiga 203  14 30 
 Cameroon Banyang-Mbo 2387  50 32 
 Rep Coongo Ndoki 855 94 96 33 
ASE Zimbabwe Hwange 329 80 28 31 
AAE Thailand KhaoYai 701 21.1 7 28 
 Sri Lanka Northwestern 145 74 44 34 
 Sri Lanka Southeastern 479 93.5 69 29 
   721 61.85 26.6 
 India Silent Valley 384 28.9 21 35 

AFE, African forest elephant; ASE, African savannah elephant; AAE, Asian elephant. 
 

 
elephant-based seed dispersal. For example, plant species 
such as Balanites wilsoniana bear large fruits with excep-
tionally large and hard seeds with a toxic substance that 
cannot be dispersed by any dispersers other than ele-
phants12,50.  
 While A. heterophyllus recorded the highest germina-
tion success (66.7%) in the present study, certain other 
species did not show signs of germination. Our results are 
consistent with the mixed results of a previous study on 
ingestion by Asian elephants, which indicates mild posi-
tive, neutral or negative effects on seed germination23. 
Ingested B. racemosa seeds also showed a neutral re-
sponse regarding germination success when compared to 
that of the control seeds, whose seed coats were not sub-
jected to the digestive process. However, the latency  
period or the time taken for germination of B. racemosa 
seeds consumed by elephants was significantly lower 
than in control seeds. Similar observations were made 
during germination trials performed in a study on seed 
dispersal capability of African elephant, where no differ-
ence was observed in overall germination, although  
the germination time of ingested seeds was generally 
shorter32. 
 It is generally argued that increased germination  
success and reduced latency period is a benefit of seed 
ingestion51. Factors such as mechanical or chemical scari-
fication of seed coat, separation of seeds from the seed 
pulp and the effect of faecal material surrounding the 
seed could increase germination and reduce latency of  
ingested seeds52. Germination of B. racemosa water-
impermeable seed coat has been shown to improve 
through mechanical scarification, and sulphuric acid and 
wet-heat treatments53. Hence, it is likely that mechanical 
abrasion of the highly adapted molar teeth of elephants, 
partial digestion by the acids in their gastric juice and the 
heat action in their guts54 remove seed dormancy and re-
duce the latency period in B. racemosa. The timing of 
germination is a critical factor in the life cycle of plants, 
for it determines plant performance and success as early 
emerging seedlings can outcompete the later emerging 

ones55. The reduction in the latency period of B. racemosa 
seeds, their relatively high abundance in dung piles and 
their resistance to elephant browsing56 and fire39 could re-
sult in this species becoming dominant and invasive in 
habitats with elephants. 
 However, changes in landscape structure and manage-
ment practices have known to alter the ecological func-
tion of seed dispersers; turning their positive role of 
maintenance of biodiversity into a negative one of 
spreading of invasive plants57. Since elephants disperse a 
large quantity of B. racemosa seeds and also reduce  
latency, wildlife management practices such as mass 
translocation and confinement of animals to national 
parks, which increase elephant populations, may have 
long-term consequences for vegetation diversity in these 
parks. The fact that elephants are capable of dispersing 
certain plant species more effectively than others should 
be taken into consideration during park management, as 
the scale at which elephants move and disperse seeds 
makes the potential impact high29,58.  
 Our study shows that although elephant gut passage is 
not essential for germination, it plays an important role to 
ensure the success and perpetuation of certain species. 
Further, long-term research on frugivory, gut passage 
times of seeds and ranging behaviour is essential to  
determine the seed dispersal potential and patterns of 
Asian elephant populations in Sri Lanka, and to inform 
elephant management and conservation practices. 
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decision during the yellow phase of a 
signal intersection 
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Roorkee, Roorkee 247 667, India 
 
During the yellow phase starts of a traffic signal, the 
drivers are unable to take quick decisions whether to 
stop or cross the signal-controlled intersection. This 
dilemma zone (DZ) can cause a mix-up among drivers 
during the yellow phase and may lead to accidents. In 
the present study we use a DZ prediction model for 
analysis. In this study, approach speed, acceleration/ 
deceleration of different vehicle categories, distance to 
stop line, offset of yellow time, and presence or ab-
sence of countdown timer are considered as the main 
factors influencing the model. In order to address sev-
eral drawbacks associated with traditional regression-
based models, a kriging-based surrogate model has 
been developed to explore the drivers’ behaviour dur-
ing the yellow phase. 
 
Keywords: Dilemma zone, kriging model, traffic inter-
section, yellow phase drivers. 
 
IN India, the highest number of road casualties occur at 
signal intersections. According to a Ministry of Road 
Transport and Highways (MoRTH), Government of India 
report road accidents account for 37.8% of total acci-
dents1. Previous studies observed that the dilemma zone 
(DZ) is one of the most significant parameters affecting 
the safety at an intersection2,3. 
 A driver needs to take quick decision based on his  
experience while approaching the signalized intersections 
during the initial yellow phase. He needs to decide 
whether to cross the intersection or halt before the stop 
line. The virtual area immediately before the stop line is 
the DZ4, where drivers get confused whether to cross or 
stop at the intersection. In addition, drivers have a small 
response time to react. This results in red-light violations 
(RLVs) leading to safety problems at the intersections 
during the yellow phase. 
 To reduce problems associated with the DZ, develop-
ment of drivers’ decision prediction models has gained 
huge attention in the last few decades. The evolution of 
intelligent transportation systems (ITSs) has led to the  
effectiveness of these models. The system of sensors can 
be used in these models to accurately predict the drivers’  
decision at the intersections and prevent accidents like 
rear-end and angular collisions. 
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