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A B S T R A C T   

Elephants ingest a large quantity of plant material across the landscape and concentrate it at specific locations 
through dung and urine excretion, greatly enhancing local nutrient availability for various organisms. During our 
two-year study in India’s Western Ghats, we documented 26 butterfly species from five families puddling on 
elephant dung. This observation suggests that elephant dung may offer mineral supplementation, which could 
contribute to the fitness and reproductive physiology of butterflies in elephant habitats.   

1. Introduction 

Nutrient availability and its acquisition are crucial for organisms’ 
survival, reproduction, and for shaping their distribution and density 
(Milewski, 2000; Geister et al., 2008). Puddling (See Fig. 1) is one such 
typical behaviour seen in adult Lepidoptera (butterflies and moths), 
where they procure water and essential dissolved nutrients such as so
dium, albumin, amino acids, and secondary plant metabolites from 
moist ground, decaying plant matter, animal corpses, and animal 
excrement (Beck et al., 1999; Inoue et al., 2015, 2019). Puddling 
behaviour is a supplementary feeding strategy that enhances survival, 
reproductive fitness, and temperature regulation (Sculley and Boggs, 
1996; Beck et al., 1999). Additionally, it is an alternative foraging 
strategy for butterflies in situations when they are unable to compete for 
resources like nectar (Boggs and Jackson, 1991). Studies reported that, 
male butterflies transfer spermatophores to females during mating, 
containing various minerals such as sodium, calcium phosphate, or 
amino acids (multiple types of nuptial gifts), which are crucial for suc
cessful breeding(Sculley and Boggs, 1996; Molleman et al., 2009). But
terflies commonly utilize herbivore excrement as a puddling site since 
most mammals only digest a fraction of the nutrients they consume 
(Williams and Haynes, 1990; Stanbrook, 2018). Research has shown 
that butterflies typically exhibit a preference for fresh excrement for 
puddling (Fernando et al., 2017; Bodri, 2018). However, there is limited 
knowledge regarding the utilization of non-plant sources to fulfil the 

nutrient requirements of butterflies. 
The globally endangered Asian elephant (Elephas maximus) is the 

largest land animal in Asian ecosystems, contributing significantly to 
ecosystem functions by facilitating seed dispersal, modifications of 
structure and composition of vegetation community through selective 
feeding, and transfer of nutrients (Campos-Arceiz and Blake, 2011; 
Williams et al., 2020; de Silva et al., 2023). Elephants are often recog
nized as umbrella species, influencing not only the vegetation structure 
but also the richness and abundance of several other species, from ar
thropods to large mammals (Sukumar, 2003; Williams et al., 2020). 
Elephants spend about 60% of their daylight hours feeding and 
consuming plant matter equivalent to 5% of their body mass (160–300 
kg) and up to 225 l of water daily (Sukumar, 2003; Baskaran et al., 
2010). Nutrients such as crude protein, sodium, magnesium, iron, po
tassium, copper, and zinc are known to influence their diet selection 
(Sukumar, 1990). The elephant is a hind-gut fermenter, and plant cel
lulose is digested through symbiotic microbes, with only about 40–50% 
of the forage being digested. Also, they consume soil (geophagy) to 
obtain minerals, especially Na+ (Holdø et al., 2002). Previous studies 
have found that elephant dung is rich in minerals such as nitrogen, 
phosphorus, and potassium (Dougall, 1963; Weir, 1972). With over 150 
kg of wet manure deposited per day by an individual, an elephant’s dung 
is frequently used as a source of mud puddling for butterflies (Coe, 1972; 
Stanbrook, 2018). In this study, we examined the diversity of butterfly 
species performing mud puddling on elephant dung in the Western 
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Ghats. We predict that (1) Butterflies are expected to show a preference 
for fresh dung due to its higher moisture content compared to older, 
drier dung, making it easier for them to extract water and dissolved 
nutrients (2) male butterflies are anticipated to predominantly engage in 
puddling on elephant dung. 

2. Materials and method 

The study was conducted in the Wayanad plateau (110 341 and 110 

581N latitude, 760261 and 750 591E longitude, covering an area of 520 
km2) in Kerala state, India (Fig. 2). Field sampling covered the post- 
monsoon and summer seasons from September to May 2019–2020. 
This timing was chosen due to the elevated activity of butterflies and the 
high abundance of elephants in the study area (Sujin et al., 2019; 
Vinayan et al., 2023; Anoop et al., 2023). Wayanad is part of the 
Brahmagiri-Nilgiri Eastern Ghats elephant landscape, which supports 
the largest contiguous population of Asian elephants globally (Gajah, 
2010). The major vegetation type in Wayanad consists of southern moist 
deciduous and dry deciduous forests interspersed with monoculture 
plantations of teak and eucalyptus (Anoop and Ganesh, 2020). The 
weather is monsoonal and receives southwest (June–Sep) and northeast 
monsoons (Nov–Dec) with heavy rains from June to September, a cool 
period from October to January, and a hot season from February to May. 
The average annual rainfall ranges between 1200 and 1700 mm, with 
maximum precipitation from the southwest monsoon (Anoop et al., 
2023). The data presented here originates from a broader study that 
examined elephant habitat use in the Wayanad plateau (See Anoop 
et al., 2023). For this, the study area was overlaid with 2 × 2 km grid 
cells as spatial sampling units. Every alternative grid was selected to 
perform the elephant dung survey. While conducting the dung sampling, 
one observer recorded all mud-puddling butterflies on elephant dung. 
Photographs of mud-puddling butterflies were taken from different 

angles using a digital camera (Canon EOS 60D and Canon 70–300 F/ 
4–5.6 II USM Lens). The freshness of the dung was recorded as ‘fresh’ 
and ‘old’ based on the wetness, colour, and odour. Two types of dungs 
were categorized as fresh viz. (1) the dung that are warm with fatty acid 
sheen glistening on exterior and strong smell, and (2) odour present 
(break the boli), there may be flies, but the fatty acid sheen has dis
appeared. The overall form still present although boli may be partly or 
completely broken down into an amorphous mass, no odour and tending 
to disappear are classified as old dung (See Hedges, 2012). 

3. Results 

Mud puddling was observed on 25 dungs during the study period and 
butterflies were found feeding heavily on these dungs. A total of 107 
individuals belonging to 26 species of butterflies under five families, 
Pieridae, Lycaenidae, Papilionidae, Nymphalidae, and Hesperiidae, were 
recorded puddling on elephant dung (Fig. 3). Lycaenidae (11 species) 
was the most commonly observed family showing puddling, followed by 
three species each in Pieridae, Nymphalidae, and Hesperiidae. Eurema 
hecabe (Common grass yellow) and Prosotas nora (Common line blue) 
were the most frequently observed species on dung (Table 1). Puddling 
was found to occur in both fresh and old dung, but as predicted, it was 
most prevalent in fresh dung (70%). Butterflies were only found in old 
dung that was close to streams or that had retained wetness due to rain 
or mist. The most abundant species involved in puddling was Catopsilia 
pomona (32 individuals) followed by Eurema hecabe (28 individuals). We 
determined the sex of 32% of the puddling individuals, and as predicted, 
all were males. The minimum and the maximum number of butterflies 
observed in each dung were 1 and 21, respectively (3.4 ± 4.9 butterflies 
per dung). 

Fig. 1. Butterflies puddling on elephant dung in the Western Ghats: (1) Common Emigrant Catopsilia Pomona (2) Lesser Grass Blue Zizina otis (right) (3) Chocolate 
Pansy Junonia iphita (4), Common Grass Yellow Eurema hecabe. (For interpretation of the references to colour in this figure legend, the reader is referred to the web 
version of this article.) 
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Fig. 2. Map showing the study area (Wayanad Wildlife Sanctuary [WWS], Begur Range [BR], Chethalayam Range [CR]) and adjacent farmlands overlaid with 
sampling grids to assess the habitat use of Asian elephants in Wayanad Plateau, Western Ghats, India. Inset is the location of the study area in India. 

Fig. 3. Number of butterfly species puddled on elephant dung in the Western Ghats and Wasgamuwa National Park in Sri Lanka (See Fernando et al., 2017).  
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4. Discussion 

Butterflies in puddles are a common sight in the forests of the 
Western Ghats (Ramalingam, 2016). Of the 192 species of butterflies 
belonging to six families recorded from Wayanad Wildlife Sanctuary 
(Sujin et al., 2019), 13.5 % were found involved in puddling on elephant 
dung. Puddling of these butterflies on elephant dung despite abundant 
nectar plants in the study area indicates that elephant dung may have 
certain constituents essential for their survival and fitness. However, we 
observed that butterflies puddled on a small number of dung. This 
observation suggests that butterflies may selectively feed on dung, as the 
dung’s contents can vary based on the elephant’s diet. The copious 
number of nutrients like nitrogen, potassium, sodium, magnesium, and 
calcium in the elephant dung (Masunga et al., 2006) might act as an 
attractive nutrient pool because these nutrients might play a vital role in 

butterflies’ fitness and reproductive physiology. For instance, a study by 
Fernando et al. (2017) from Sri Lanka documented 26 species of but
terflies across five families puddling on elephant dung. Thus, elephants 
might play an important role in maintaining a healthy population of 
butterflies in their habitat by providing essential nutrients necessary for 
the fitness and breeding of these butterflies. Puddling is a characteristic 
of male butterflies (Adler and Pearson, 1982). Our study, as well as a 
study conducted in Sri Lanka (Fernando et al., 2017), yielded similar 
findings indicating a predominance of male butterflies participating in 
puddling. This indicates that puddling on elephant dung might be 
determined by sex-specific nutritional needs and reproductive physi
ology in butterflies. However, puddling in butterflies is still a poorly 
studied behaviour (Otis et al., 2006; Molleman, 2010). Hence, further 
systematic studies are required to understand what substances are 
sought from elephant dung and how this affects the fitness of butterflies 
in elephant habitats. 

Elephants have been part of the evolutionary history of Asian eco
systems for several millennia, with the opportunity for extensive co- 
evolution with the biodiversity in their habitat (Sukumar, 2003). One 
of the crucial functions of elephants in their ecosystem is ingesting plant 
material across the landscape and concentrating it at specific locations 
through dung and urine excretion, thereby enormously increasing local 
nutrient availability (Wolf et al., 2013). The significance of elephant 
dung is not just restricted to butterflies; they directly and indirectly 
affect other animal species throughout the food web, including smaller 
herbivores, a wide array of beetles, flies, other insects, amphibians, and 
fungi, and hence modify the abiotic and biotic processes in complex 
ways (Sabu et al., 2006; Masunga et al., 2006). For instance, elephant 
dung is used by amphibians belonging to the genera Microhyla and 
Sphaerotheca as a daytime refuge, particularly in the dry season when 
leaf litter is scarce (Campos-Arceiz, 2009). However, recent studies 
suggested that elephant dung can be used as a raw material for paper 
production, cooking fuel, and vermicomposting (Farah et al., 2014; 
Sannigrahi, 2015; Stępień et al., 2019). But the removal of dung from 
forest ecosystems can affect the nutrient requirements of dependent 
animals and vegetation communities. With elephant populations 
continuing to decline due to loss and fragmentation of habitat, negative 
interactions with humans, and poaching for body parts (Leimgruber 
et al., 2003; de Silva et al., 2023), it is a matter of concern as it is not just 
about the elephants but also the important role they play as connecting 
links in the survival and reproductive success of countless other 
organisms. 
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Table 1 
Butterfly species and the number of dungs in which the species were observed 
puddling (frequency of occurrence) from September to May 2019–2020 in 
Wayanad plateau.  

Sl. 
No. 

Common Name Scientific Name Family Frequency 

1 Three-spot grass 
yellow 

Eurema blanda 
(Boisduval, 1836) 

Pieridae 3 

2 Angled pierrot Caleta decidia 
(Hewitson, 1876) 

Lycaenidae 3 

3 Blue bottle Graphium sarpedon 
(Linnaeus, 1758) 

Papilionidae 1 

4 Common grass 
yellow 

Eurema hecabe 
(Linnaeus, 1758) 

Pieridae 8 

5 Mottled emigrant Catopsilia pyranthe 
(Linnaeus, 1758) 

Pieridae 3 

6 Chocolate pansy Junonia iphita 
(Cramer, 1779) 

Nymphalidae 4 

7 Common line 
blue 

Prosotas nora (C. 
Felder, 1860) 

Lycaenidae 7 

8 Common sailor Neptis hylas 
(Linnaeus, 1758) 

Nymphalidae 4 

9 Dingy line blue Petrelaea dana (de 
Nicéville, 1884) 

Lycaenidae 3 

10 Forget-me-not Catochrysops strabo 
(Fabricius, 1793) 

Lycaenidae 2 

11 Great Eggfly Hypolimnas bolina 
(Linnaeus, 1758) 

Nymphalidae 2 

12 Indian cupid/ 
Oriental cupid 

Everes lacturnus 
(Godart, 1824) 

Lycaenidae 5 

13 Indian skipper Spialia galba 
(Fabricius, 1793) 

Hesperiidae 3 

14 Lesser grass blue Zizina otis (Fabricius, 
1787) 

Lycaenidae 5 

15 Pointed ciliate 
blue 

Anthene lycaenina (R. 
Felder, 1868) 

Lycaenidae 2 

16 Pygmy scrub 
hopper 

Aeromachus pygmaeus 
(Fabricius, 1775) 

Hesperiidae 2 

17 Siva sunbeam Curetis siva (Evans, 
1954) 

Lycaenidae 1 

18 Tawny spotted 
grass dart 

Taractrocera ceramas 
(Hewitson, 1868) 

Hesperiidae 1 

19 Tiny grass blue Zizula hylax 
(Fabricius, 1775) 

Lycaenidae 5 

20 Zebra blue Leptotes plinius 
(Fabricius, 1793) 

Lycaenidae 2 

21 Common pierrot Castalius rosimon 
(Fabricius, 1775) 

Lycaenidae 3 

22 Common 
emigrant 

Catopsilia Pomona 
(Fabricius, 1775) 

Pieridae 4 

23 
Banded blue 
pierrot 

Discolampa ethion 
(Westwood, 1851) Lycaenidae 2 

24 Dark pierrot 
Tarucus Ananda (de 
Nicéville, (1884) Lycaenidae 2 

25 Commander 
Moduza Procris 
(Cramer, 1777) 

Nymphalidae 1 

26 Quaker Neopithecops zalmora 
(Butler, 1870) 

Lycaenidae 3  
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