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breeding sites for anurans in Myanmar
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Abstract: Elephants are widely recognized as ecosys-
tem engineers. To date, most research on ecosystem 
 engineering by elephants has focused on Loxodonta 
africana and Loxodonta cyclotis, and the role of Elephas 
maximus is much less well-known. We here report obser-
vations of anuran eggs and larva in water-filled tracks 
(n = 20) of E. maximus in Myanmar. Our observations sug-
gest that water-filled tracks persist for >1 year and func-
tion as small lentic waterbodies that provide temporary, 
predator-free breeding habitat for anurans during the dry 
season when alternate sites are unavailable. Trackways 
could also function as “stepping stones” that connect 
anuran populations.
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Ecosystem engineers are species that modify the con-
ditions or availability of resources for other species by 
causing and/or maintaining physical changes in the biotic 
and abiotic environment (Jones et al. 1994, 1997, Jones and 
Gutierrez 2007). Elephants (Elephantidae) are widely rec-
ognized as ecosystem engineers (Wright and Jones 2006) 
that can have impacts at varying spatial scales (Pringle 
2008). At the landscape scale, elephants extensively 
modify vegetation through browsing, trampling, and seed 
dispersal (Buechner and Dawkins 1961, Laws 1970, Dublin 
et  al. 1990, White 1994, Hawthorne and Parren 2000, 
Mosepele et al. 2009), and convert large amounts of plant 

biomass into dung that is an important nutrient input 
for terrestrial and aquatic systems (Hoberg et  al. 2002, 
Mosepele et al. 2009). At smaller scales, local plant species 
richness is enhanced when elephants open gaps in forest 
canopy, browsing damage to trees creates refuges for small 
vertebrates (lizards and small mammals), and dung piles 
provide food for a diversity of beetles (at least 100 species 
of Scarabaeoidea; Waltner-Toews 2013) and microhabi-
tat for anurans and invertebrates (Campbell 1991, Pringle 
2008, Campos-Arceiz 2009). To date, most research on eco-
system engineering by elephants has focused on savanna 
elephants (Loxodonta africana Blumenbach, 1797) and 
to a lesser extent, forest elephants (Loxodonta cyclo-
tis Matschie, 1900) in Africa; the role of Asian elephants 
(Elephas maximus Linnaeus, 1758) as ecosystem engineers 
is much less well-known (Campos-Arceiz 2009). We here 
describe the use of water-filled Asian elephant tracks as 
oviposition sites by anurans in Myanmar.

Our observations were made at Nay Ya Inn (25.692° N, 
95.534° E; elevation = 130 m), a seasonally flooded wetland 
adjacent to Nam Pelin Chaung (=creek), which forms part of 
the northwestern boundary of Htamanthi Wildlife Sanctuary 
(2151 km2) in Sagaing Region (area described by Rabinowitz 
et al. 1995). Nay Ya Inn consists of an open expanse of wet 
grassland (>10 ha) on a substrate of heavy alluvial clay, sur-
rounded by evergreen forest. The wetland is inundated to a 
depth of 2–3 m during the annual wet season (June through 
September), waters begin to recede at the onset of the dry 
season (October), and except for a small (<0.5 ha) spring-fed 
pool, the wetland is dry during March–May.

We visited Nay Ya Inn on 16 March 2016 and again on 
20 March 2017  while conducting biodiversity surveys in 
Htamanthi Wildlife Sanctuary. Most of the wetland was 
dry during our visits with only a small area of open water 
remaining. Hundreds of elephant tracks were present 
around the wetland periphery, most of which appeared to 
be >60 days old. According to sanctuary staff manning a 
nearby guard station, elephants regularly visit Nay Ya Inn 
during November and December as seasonal floodwaters 
are receding. Tracks were generally elongated rather than 
round, probably because the foot is pushed forward in 
the direction of travel. Very few tracks contained water, 
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which is unsurprising given that our visits occurred late in 
the dry season. Those tracks containing water appeared 
to have been filled by groundwater seepage. During both 
visits we searched water-filled elephant tracks for anuran 
egg masses, tadpoles, and adults. Tadpoles were captured 
and macroscopically examined. Following Beck et  al. 
(2010), we measured the water depth, maximum length 
(direction of travel), and perpendicular width of each 
track containing egg masses or tadpoles. Mean values are 
presented here as mean ± 1 standard deviation (SD).

We found 20 water-filled elephant tracks containing 
anuran eggs and larva (but no adults) at Nay Ya Inn during 
2016 and 2017 (Figure 1A and B). In 2016, anuran egg masses 
were present in two (60 cm long × 30 cm wide × 10 cm deep) 
of seven water-filled tracks within a single trackway; one 
track contained 12 egg masses and the other six. In 2017, 
tracks in three trackways contained anuran larvae. The 
first trackway consisted of two parallel ruts (ca. 100  cm 
long × 40 cm wide × 9 cm deep; probably formed when an 
elephant dragged its feet forward through loose muck that 
later dried before re-filling with water) each containing 
>100 tadpoles. The second trackway extended for approxi-
mately 10.5 m and consisted of 14 water-filled tracks; mean 
length and width were 50 ± 15 cm (range = 31–82 cm) and 
40 ± 10 (range = 25–63 cm), respectively, and water-depth 
ranged from 4 to 30 cm (mean = 10 ± 6 cm). The variation 
in track dimensions suggests this trackway resulted from 
the passage of multiple elephants. Tadpoles were present 
in every track and one track also contained a single egg 
mass. The third trackway consisted of two water-filled 
tracks (50  cm long × 35  cm wide; water depth = 6 and 
13 cm) spaced about 30 cm apart, each containing numer-
ous tadpoles. Mosses and small plants growing from 
track walls suggested these tracks were older than others 
found in 2017, and coupled with their location led us to 
conclude these were likely the same tracks that contained 

egg masses in 2016. The tadpoles examined in 2017 were 
of a single morphotype that we were unable to confidently 
identify. To the best of our knowledge, this is the first report 
of water-filled elephant tracks being used by anurans as 
oviposition sites and nursery habitat for tadpoles.

Water-filled elephant tracks are in effect small lentic 
waterbodies created when elephants walk across a sub-
strate unable to support their great bulk without being 
modified. Trampling by large mammals has major impacts 
on soil structure, resulting in greater compaction and 
increased bulk density, which in turn can increase water 
retention by the track (Kozlowski 1999, Hamza and Ander-
son 2005). Moreover, the physical effects of trampling on 
soil structure are greater when soil moisture is elevated 
(Scholz and Hennings 1995) as was the case at Nay Ya 
Inn. Water-filled elephant tracks offer temporary breed-
ing habitat for anurans that may be critical during the 
dry season when rainfall is minimal, groundwater levels 
drop, and alternate sites become unavailable (Gerlanc and 
Kaufman 2003, Beck et  al. 2010). Moreover, in common 
with other ephemeral waterbodies, water-filled elephant 
tracks would seem less likely to harbor potential egg and 
tadpole predators, especially fish (Duellman and Trueb 
1994). Hydroperiod is another critical consideration if 
tadpoles are to successfully complete metamorphosis 
before waterbodies dry and depends on the amount and 
frequency of precipitation, ambient temperature, and 
soil type and structure (Gerlanc and Kaufman 2003, Beck 
et  al. 2010). We speculate that groundwater seepage in 
the moist soils at Nay Ya Inn maintains sufficient water in 
tracks and results in creation and maintenance of breeding 
habitat throughout the dry season. Our observations also 
suggest that at least some elephant tracks persist as breed-
ing sites on the landscape for >1 year. Finally, as suggested 
for peccary (Tayassuidae Palmer, 1897) wallows (Beck et al. 
2010), water-filled elephant tracks might also function as 

Figure 1: Water-filled Asian elephant tracks containing anuran egg masses and larva in moist soil at Nay Ya Inn (=wetland) in Htamanthi 
Wildlife Sanctuary, Myanmar.
Trackway with multiple tracks (A) and close-up of individual water-filled track (B).
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“stepping stones” through an otherwise dry landscape, 
providing connectivity between anuran populations by 
increasing dispersal distance and gene flow. Our obser-
vations provide yet another clear example of ecosystem 
engineering by Elephas maximus (see also Campos-Arceiz 
2009). In conclusion, we echo concerns of Campos-Arceiz 
(2009) that studies are still urgently needed on the role of 
E. maximus as ecosystem drivers, especially in light of the 
rapid decline of these large fauna.

Acknowledgments: We thank the Ministry of Environmen-
tal Conservation and Forestry for granting us permission 
to conduct research in Myanmar. Our fieldwork was made 
possible by generous grants from Andrew Sabin and the 
Andrew Sabin Family Foundation, Panaphil Foundation, 
Helmsley Charitable Trust, Margaret A. Cargill Founda-
tion, and Critical Ecosystem Partnership Fund. The field 
assistance of Tun Win Zaw, Moe Aung Thu, and Naing Win 
Aung was critical to the success of our project. We also 
thank Deb Levinson and Ruth Elsey for assistance with 
obtaining literature, and Lewis Medlock for insightful 
comments on a draft of this manuscript. This paper repre-
sents technical contribution number 6600 of the Clemson 
University Experimental Station.

References
Beck, H., P. Thebpanya and M. Filiaggi. 2010. Do Neotropical peccary 

species (Tayassuidae) function as ecosystem engineers for 
anurans? J. Trop. Ecol. 26: 407–414.

Buechner, H. and H.C. Dawkins. 1961. Vegetation change induced by 
elephants and fire in Murchison Falls National Park, Uganda. 
Ecology 42: 752–760.

Campbell, D.G. 1991. Gap formation in tropical forest canopy by 
 elephants, Uveng, Gabon, Central Africa. Biotropica 23: 195–196.

Campos-Arceiz, A. 2009. Shit happens (to be useful)! Use of ele-
phant dung as habitat by amphibians. Biotropica 41: 406–407.

Dublin, H.T., A.R.E. Sinclair and J. McGlade. 1990. Elephants and 
fire as causes of multiple stable states in the Serengeti-Mara 
woodlands. J. Anim. Ecol. 59: 1147–1164.

Duellman, W.E. and L. Trueb. 1994. Biology of Amphibians. Johns 
Hopkins University Press, Baltimore. pp. 670.

Gerlanc, N.M. and G.A. Kaufman. 2003. Use of bison wallows by 
anurans of Konza Prairie. Am. Midl. Nat. 150: 158–168.

Hamza, M.A. and W.K. Anderson. 2005. Soil compaction in cropping 
systems: a review of the nature, causes and possible solutions. 
Soil Till. Res. 82: 121–145.

Hawthorne, W.D. and M.P.E. Parren. 2000. How important are forest 
elephants to the survival of woody species in Upper Guinean 
forests? J. Trop. Ecol. 16: 133–150.

Hoberg, P., M. Lindholm, L. Ramberg and D.O. Hessen. 2002. 
Aquatic food-web dynamics on a floodplain in the Okavango 
delta. Hydrobiologia 470: 23–30.

Jones, C.G. and J.L. Gutiérrez. 2007. On the purpose, meaning, and 
usage of the physical engineering concept. In: (K. Cudding-
ton, J.E. Byers, W.G. Wilson and A. Hastings, eds.) Ecosystem 
engineers: plants to protists. Academic Press, Burlington, VT. 
pp. 3–24.

Jones, C.G., J.H. Lawton and M. Shachakm. 1994. Organisms as 
ecosystem engineers. Oikos 69: 373–386.

Jones, C.G., J.H. Lawton and M. Shachakm. 1997. Positive and nega-
tive effects of organisms as ecosystem engineers. Ecology 78: 
1946–1957.

Kozlowski, T.T. 1999. Soil compaction and growth of woody plants. 
Scand. J. For. Res. 14: 596–619.

Laws, R.M. 1970. Elephants as agents of habitat and landscape 
change in East Africa. Oikos 21: 1–15.

Mosepele, K., P.B. Moyle, G.S. Merron, D.R. Purkey and B. Mosepele. 
2009. Fish, floods, and ecosystem engineers: aquatic 
 conservation in the Okavango Delta, Botswana. Bioscience 59: 
53–64.

Pringle, R.M. 2008. Elephants as agents of habitat creation for small 
vertebrates at the patch scale. Ecology 89: 26–33.

Rabinowitz, A., G.B. Schaller and U. Uga. 1995. A survey to assess the 
status of Sumatran rhinoceros and other large mammal species in 
Tamanthi Wildlife Sanctuary, Myanmar. Oryx 29: 123–125.

Scholz, A. and H.H. Hennings. 1995. Bearing capacity for grazing 
in connection with rewetting of fens. Z. Kultur. Landen. 36: 
162–164.

Waltner-Toews, D. 2013. The origin of feces. ECW Press, Ontario. 
pp. 198.

White, L.J.T. 1994. Sacoglottis gabonensis fruiting and the seasonal 
movements of elephants in the Lopé Reserve, Gabon. J. Trop. 
Ecol. 10: 121–129.

Wright, J.P. and C.G. Jones. 2006. The concept of organisms as 
ecosystem engineers ten years on: progress, limitations, and 
challenges. Bioscience 56: 203–209.


