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Abstract: Meghalaya is well known for its rich tropical biodiversity and numerous
natural caves. The Siju Cave of Meghalaya, also known as cave of the bat, is among the
longest caves on the Indian subcontinent. The palynological study of fifty bat-guano
samples from Siju Cave and of thirty surface soil and moss cushion from the area
immediate surrounding the cave reflects the close similarity between the modern pollen
and vegetation in the region in the two areas sampled. The resulting palynodata comprise
mainly the native flora, dominated by riparian taxa like Duabanga, Syzygium, Careya,
and Ficus, along with evergreen and deciduous elements in the region. The evergreen taxa
Mesua, Elaeocarpus, and Garcinia, along with Impatiens, reflect the high precipitation in
the region. The climate of the region and the vegetation are strongly influenced by the
Simsang River, and the heavy rainfall results in the dominance of riparian taxa and other
high-rainfall indicator taxa. The occurrence of pollen from Nepenthes khasiana, an
endemic and endangered plant of Meghalaya, in bat guano is significant and may be due
to its insectivorous and entomophilous nature. However, medicinal plants like Swertia
chirata, Cinchona, and Rauvolfia are not encountered in the bat-guano sediments, despite
their luxuriant growth around the cave, and these species could be avoided by the insects
due to their alkaloid contain and bitter taste. The presence of highland taxa such as
Pinus, Abies, Picea, and Larix in the bat guano deposit is significant and suggestive of
high winds from higher altitudes, or the pollen may be introduced by the return of
migratory Siberian birds during winter to the nearby Siju wildlife and bird sanctuary.
The recovery of cerealia along with Areca catechu and Citrus pollen indicate the human
activity in the region. The abundance of fungal remains, namely Meliola, Glomus, and
Microthyriaceae along with degraded palynomorphs are suggestive of strong microbial
activity under warm and humid conditions during sedimentation in the region. The main
objective of this study is to identify the potential of bat guano for palaecoecological
research and as supportive data for surface and sedimentary soil profiles in the South
Garo Hills of Meghalaya. The palynodata from the bat guano of the Siju Cave provides
a useful source for palacoecological information for the South Garo Hills, where
intensive natural and human-caused forest fires, heavy rainfall, and soil erosion occur
every year and there is a relative scarcity of the lake, wetland, and swamp habitats that
normally preserve pollen.

INTRODUCTION

The state of Meghalaya includes a significant portion of
both Himalaya and Indo-Burma biodiversity hotspots
(Mittermeier et al., 2005) and is globally known for
Cherrapunjee, with the highest rainfall on earth and the
endemic and endangered plant Nepenthes khasiana Hk. f.,
the symbolic plant of Meghalaya. The flora of Meghalaya
is the richest in India and probably in the whole of Asia,
with a close similarity to the flora of southeast Asia and
southern China (Hooker, 1905). This region of the world is
considered by botanists and geographers as one of the
nuclear areas of early plant domestication (Vivilov, 1951;
Sauer, 1952; Harris, 1972). The whole of the Garo Hills,

especially the South Garo Hills, is also known as the
ecological canvas of Meghalaya because of its unique
biodiversity and numerous beautiful natural caves (Anon-
ymous, 2006). The quantity and length of caves in
Meghalaya far exceeds that of any other known karst
region of India. Until recently only a few caves had been
explored, but recent exploration has resulted in over
320 kilometers of cave passage mapped and over a
thousand cave entrances documented in Meghalaya
(Harries et al., 2008). As caves are natural open cavities
in the earth, they function as natural sediment traps
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(White, 2007). In caves with large bat populations, guano
(bat excreta) is present in sufficient quantities to be
classified as a clastic sediment and serves as a source of
useful climatic records (Leroy and Simms, 2006; White,
2007). In general, there are mainly three mechanisms for
the incorporation of pollen into bat guano: bats can
consume large numbers of flying insects, may consume
pollen themselves, and may fly through a pollen-laden
environment so that pollen and other dust particles often
adheres to their body (Pendleton et al., 1996). Pollen in
fragments of bat skin and hair may be lost during
grooming, and dust containing pollen may be brought
into the cave and deposited onto guano by air currents
(Coles and Gilbertson, 1994). Where there are large
colonies of bats their excrement accumulates on the cave
floor below (Maher, 2006).

Many palaeoecological-research studies have been
carried out on palynology of cave sediments, including
bat guano and coprolites from other taxa and surface soil
in different part of the globe, such as in Romania (Pop and
Ciobanu, 1950; Boscaiu and Lupsa, 1967a,b; Feurdean et
al., 2011; Geanta et al., 2012), the United States (Sears and
Roosma, 1961; Davis, 1990; Nieves-Rivera 2003; Mabher,
2006; Batina and Reese, 2011), Switzerland (Groner, 2004),
Austria (Kral, 1968; Draxler, 1972), the UK (Coles et al.,
1989; McGarry and Caseldine, 2004), Spain (Carrion,
1992; Carrion et al., 1999, 2006; Navarro Camacho et al.,
2000, 2001), Belgium (Bastin, 1978; Bastin et al., 1986),
Nepal (Denniston, et al., 2000), China (Qin et al., 1999;
Zhang et al., 2004), and other parts of Asia (Hunt and
Rushworth, 2005). In India, no previous studies have
addressed the use of bat guano in cave sediments
for palaeoecological study. We have discovered the Siju
Cave to be one of the best sites to study bat guano for
palynological research in the South Garo Hills of
Meghalaya. In the Garo Hills, intensive natural and
human-caused forest fires every year burn several centime-
ters of soil in the region (Fig. 2F). In addition, other
factors like the high rainfall and tremendous soil erosion,
along with the hilly terrain, make difficult the proper
investigation and interpretation of modern pollen and
vegetation relationships in the Garo Hills. The relatively
scarcity of lake, wetland, and swamps has limited attempts
to recover sediment cores from the Garo Hills for
palaeoecological research. Although there are some scat-
tered small lakes like Napak Lake in the South Garo Hills,
these are not suitable for proper coring for palynological
study. Previously, only a few preliminary palynological
studies have been carried out in Meghalaya (Gupta and
Sharma, 1985; Basumatary and Bera, 2007, 2010, 2012,
Basumatary et al., 2013). Considering these previous limits
to pollen studies in the region, we initiated the present
palynological study on bat guano in Siju Cave in the South
Garo Hills. The main objective of the study, as the first to
be undertaken as a new innovation in pollen studies in
India, was to identify the potential of bat guano as a
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reliable source to document modern pollen and vegetation
in relation to climate in the South Garo hills.

PHYSIOGRAPHY AND SOIL

The South Garo Hills of Meghalaya are a unique
feature of physiography where the Tura and Arabella
Ranges run parallel in an east-west direction. The Tura
Range runs from Siju to Tura, and the Arabella Range is
to the north of the Tura range and gradually increases
in height, eventually joining the Tura, which starts in
the West Garo Hills to the south. The Garo Hills of
Meghalaya are drained by many rivers and streamlets. The
soil of the region is generally red-loamy, but sometimes
varies from clay to sandy loam, and is rich in organic
carbon with high nitrogen-supplying potential but is
deficient in phosphorus and potassium. The soil pH ranges
from acidic (pH 5.0 to 6.0) to strongly acidic (pH 4.5 to 5.0)
(Directorate of Agriculture, Meghalaya, 2012).

CLIMATE

The climate of the region is controlled by south-west
and north-eastern monsoons. It is warm and humid in
summer and cold and dry in winter. The maximum
temperature during summer is 36°C and the minimum in
winter is 4°C. The relative humidity ranges from 70 to 98%.
Rainfall of the region ranges from 3900 to 6800 mmyr '
(Directorate of Agriculture, Meghalaya, 2012).

STUDY SITE AND VEGETATION

The study site, Siju Cave in the South Garo Hills, is
locally known as Dobakol, cave of the bat, as it is the home
for thousands of bats. According to field observation and
previous records (Sinha, 1994, 1999; Bates and Harrison,
1997) in Siju Cave, the dominant bat species are
Rhinolophus  subbadius, R. pusillus, R. pearsoni, and
Miniopterus schreibersii; these are mainly insectivorous.
The Siju Cave is situated at lat. 25°21'16.17" N and long.
90°41'08.09" E at 95 m asl (Fig. 1). It was first explored by
the British Geologic Survey in 1920. This cave is one of the
longest caves in the Indian subcontinent and contains some
of the finest river passages to be found anywhere in the
world. The cave has many unexplored chambers and
labyrinths (Fig. 2A). The majestic formations inside the
cave, especially in Princess Di’s Chamber, are among the
special attractions of the cave. In the northeast direction of
Siju Cave, Simsang River (Fig. 2B), originates from the
Tura peak area and supports luxuriant growth of marshy
and aquatic plants. Naphak Lake and the Siju wildlife and
bird sanctuary are located close to Siju Cave. During
winter, Siberian ducks migrate to the bird sanctuary.
Previous studies on the Siju Cave fauna are listed in
Table 1, but this is the first attempt of a palynological
study on bat guano in relation to modern pollen,
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Figure 1. Map showing the location of Siju Cave in the South Garo Hills, Maghalaya. The numbers show the locations of the

thirty surface samples.
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Siju Cave

Figure 2. A. The entrance of Siju Cave, South Garo Hills, Meghalaya. B. The hanging bridge over the Simsang River
connecting the Siju Cave area and the Siju wildlife and bird sanctuary, Meghalaya. C. A view of Nepenthes khasiana growing
luxuriantly, intermixed with Gleichenia dichotoma, in the entrance of Siju Cave. D. A view of the bat colony in their resting
chamber inside Siju Cave. E. Bat guano collection inside Siju Cave. F. A view of the forest floor burning during winter in South
Garo Hills.
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Table 1. List of the recorded faunal taxa from Siju Cave,
South Garo Hills, Meghalaya, with references.

Recorded Taxa

Reference

Coleoptera Andrewes (1924)
Molluscas Annandale and Chopra (1924)
Coleoptera Blair (1924)

Diptera Brunetti (1924)
Coleoptera Cameron (1924)
Collembola Carpenter (1924)
Diptera Edwards (1924)
Araneids Fage (1924)
Lepidoptera Fletcher (1924)
Coleoptera Fleutiaux (1924)
Tartarides Gravely (1924)

Pisces Hora (1924)

Rhynchota Kemp and China (1924)
Diptera Lamb (1924)
Lepidoptera Meyrick (1924)
Gyrinidae Ochs (1925)

Diptera Patton (1924)
Hymenoptera Rohwer (1924)
Myriapoda Silvestri (1924)
Oligochacta Stephenson (1924)
Hymenoptera Wheeler (1924)
Chiroptera Bates and Harrison 1997
Chiroptera Sinha (1999)

Teleostei Kottelat et al. (2007)

Arachnida, Brachyura,

Palaemonidae, Isopoda,

Diplopoda, Orthoptera,

Dictyoptera, Coleopteran,

Diptera and Pisces Harries et al. (2008)
Diptera Disney (2009)

vegetation, and climate, and it will be greatly helpful to
further palaeoecological research in the South Garo Hills of
Meghalaya and to place this region within a global context.

The vegetation of the region is dominated by riparian
taxa, including Duabanga grandiflora, Syzygium polypeta-
lum, Terminalia bellirica, Schima wallichii, Careya arborea,
and Ficus pyriformis, intermixed with evergreen and
deciduous elements such as Mesua ferrea, Elaeocarpus
rugosus, Garcinia paniculata, Dillenia pentagyna, Emblica
officinalis, Artocarpus chaplasha, and Adhatoda vasica. The
endemic pitcher plant Nepenthes khasiana, locally known
as memang-kokshi by the Garo people, grows intermixed
with the pteridophytic flora (Fig. 2C). The pteridophytes
are dominated by Lycopodium clavatum, Selaginella
selaginoides, Dryopteris filixmas, Gleichenia dichotoma,
Adiuntum caudatum, Cyathea gigantea, Angiopteris evecta,
and Blechnum occidentale. The forest floor is formed by
dense humus, is litter-laden, and is often covered by grasses
such as Saccharum spontaneum, S. arundinaceum, Cynodon
dactylon, and Neyraudia reynaudiana associated with
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sedges like Mariscus sumatrensis, Kyllinga monocephale,
Fimbristylis dichotoma, Cyperus zollingeri, and Scleria
terrestris. During the rainy season, Zingiberaceae like
Curcuma aromatica and other dicotyledonous herbs such as
Justicia simplex, Rungia pectinata, Amaranthus aspera,
Evolvulus  nummularius, and Polygonum orientale are
present in large numbers.

MATERIALS AND METHODS

The location of Siju Cave was recorded by GPS with
coordinates based on WGS1984. The cave was surveyed in
detail, and fifty samples of approximately 50 g of bat
guano were collected randomly from the floor of the bats’
resting chamber inside the cave (Figs. 2D, E). A total of
thirty surface samples of both soil and moss cushion were
collected randomly from the area immediately outside Siju
Cave. We also collected polliniferous plant materials for
proper identification of taxa in the region by their pollen
morphology. The specimens were placed in the Birbal
Sahni Institute of Palacobotany (BSIP) Herbarium.

The bat guano and surface samples were processed
employing the standard acetolysis method (Erdtman,
1953). The samples were treated with 10% aqueous KOH
solution to deflocculate the pollen and spores from the
sediments followed by 40% HF treatment to dissolve silica
content. Then the conventional procedure of acetolysis was
followed using the acetolysis mixture 9:1 anhydrous acetic
acid and concentrated H,SO,. Finally the material was
kept in a 50% glycerin solution with a drop of phenol.
Between 450 and 600 pollen and spores per sample were
counted to produce the pollen spectra. Plant elements in
the study were categorized into arboreals (trees, shrubs,
and epiphytes), nonarboreals (terrestrial herbs and marshy
taxa), highland taxa, ferns, and fungal remains with
degraded palynomorphs. For the precise identification of
fossil palynomorphs in the sediments, we consulted the
reference pollen slides available at Birbal Sahni Institute of
Palacobotany (BSIP) herbarium of India, as well as the
pollen photographs in the published literature (Chauhan
and Bera, 1990; Nayar, 1990; Bera et al., 2009). Photo-
documentation of the palynomorphs was made using an
Olympus BX-61 microscope with DP25 digital camera
under 40x magnification (Fig. 3). The pollen spectra were
made using Microsoft Excel program and modified in
Corel Draw-12 software. The frequency percentage of the
recovered palynomorphs has been calculated in terms of
the total palynomorphs.

RESULTS

The modern pollen spectra of bat guano from Siju
Cave and from the surface soil and moss cushion from its
immediate surroundings are discussed below and provide
an overview of modern pollen in relation to vegetation
and climate in the region. The total of fifty modern bat
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Figure 3. Palynoassemblage recovered from the bat guano and surface sample from South Garo Hills, Meghalaya. 1.
Mesua, 2. Schima, 3. Emblica, 4. Syzygium, 5. Terminalia, 6. Albizia, 7. Duabanga, 8. Dipterocarpaceae, 9. Areca, 10.
Elaeocarpus, 11. Dillenia, 12. Dendropthoe, 13. Nepenthes, 14. Pinus, 15. Quercus, 16. Alnus, 17. Betula,
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Figure 4. Pollen spectra of bat guano samples from Siju Cave, South Garo Hills, Meghalaya.

guano samples collected randomly from inside the cave
are dominated by arboreals (42%), followed by nonarbor-
eals (35%), fungal remains with degraded palynomorphs
(10%), ferns (6%), and highland taxa (5%) (Fig. 4). The
major arboreals include Duabanga, Schima, Syzygium,
and Careya and are represented by maximum values up to
10%. Other associated taxa, such as Schima, Semecarpus,
Albizia, Adhatoda, and Nepenthes have values of 1 to 6%.
Nonarboreals like Poaceae, Cyperaceae, and Tubuliflorae
have values of 1 to 15%. Ferns, both monolete and trilete,
exhibit an average value of 4% and 5% respectively.
Fungal remains like Microthyriaceae, Glomus, Diplodia,
and Meliola are represented by maximum values up to 6%.
Among the highland taxa, Pinus is recorded at values of
2%, whereas its associated taxa like Abies and Picea are
only encountered in trace amounts (Fig. 4).

The thirty surface soil and moss cushions samples
collected randomly from the immediate vicinity of the
cave are dominated by arboreals (40%), followed by
nonarboreals (37%), ferns (12%), fungal remains with
degraded palynomorphs (7%), and highland taxa (4%)
(Fig. 5). The major arboreals include Duabanga, Syzy-
gium, Anacardiaceae, Moraceae, and Careya and are
represented by maximum values up to 8%. The other

associated taxa such as Mesua, Elaeocarpus, Schima,
Dillenia, Terminalia, Adhatoda, and Nepenthes have values
of 1 to 5%. Among nonarboreals like Poaceae, Tubuli-
florae, Onagraceac and Impatiens the values range
between 1 to 18%. Ferns, both monolete and trilete, have
an average value of 5% and 6% respectively. Fungal
remains like Microthyriaceae, Cookeina, Tetraploa, and
Glomus are represented by a maximum value of 5%. The
highland taxa Pinus is recorded at the value of 3%,
whereas associated taxa Abies and Picea are represented
by variable values.

DiscussioN

There are some difference between pollen percentages
preserved in the bat guano and the surface samples from
the vicinity of Siju Cave, although, in general, the
palynodata reflect a close similarity between the bat guano
and surface samples: (i) the pollen diversity from bat guano
is higher than the surface samples, (ii)) the number of
arboreal taxa is higher in the bat guano samples, (iii) the
Dipterocarpaceae pollen is markedly present in the bat
guano, but is not found in the samples collected from the
immediate vicinity of the cave, (iv) the fern spores are

18. Chenopodiaceae, 19. Convolvulaceae, 20. Tubuliflorae, 21. Liguliflorae, 22. Poaceae, 23. Cerealia, 24. Cyperaceae, 25.
Polygonaceae, 26. Monolete, 27. Trilete, 28. Lycopodium, 29. Glomus, 30. Meliola.
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Figure 5. Pollen spectra of surface samples from the immediate vicinity of Siju Cave, South Garo Hills, Meghalaya.

comparatively few in the bat guano samples, and (v) the
fungal remains, along with degraded palynomorphs, are
comparatively higher in the bat guano samples.
Relationship of Palynoassemblage, Vegetation, and
Climate

The bat guano from Siju Cave and the forest surface
samples of moss cushion and soil collected from the
immediate vicinity both contain pollen indicative of the
tropical riparian forest intermixed with evergreen and
deciduous elements under warm and humid climatic
condition. Among the arboreals, the samples principally
reflect the proximity of riparian taxa like Duabanga,
Syzygium, Careya, and Ficus in the palynoassemblage that
grows along the edge of the river Simsang. The associated
evergreen and deciduous elements like Mesua, Elaeocarpus,
Garcinia, Schima, Dillenia, Albizia, and Sapotaceae also
exhibit 30 to 42% totals indicative of the heavy rainfall in
the region. The presence of evergreen taxa, along with
Piperaceac and Euphorbiaceae, suggests heavy rainfall in
the region (Nair et al., 2010), which is reflected by the
observed palynoassemblage in the sediments from both
inside and outside of the cave. The occurrence of
Dendrophthoe (epiphytic plants) pollen in the palynoassem-
blage is significant and reflects the existence of a primary
forest that receives heavy rainfall in the region. The
presence of Areca (betel nut) pollen along with cerealia
and Citrus (orange) are strongly indicative of the human
activity in the area. The presence of the highland taxa
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Pinus, Betula, Abies, Picea, and Larix in the bat guano
deposit is significant and suggestive of strong winds from
higher altitudes, or they may have been introduced by the
migration of Siberian birds to the nearby Siju wildlife and
bird sanctuary during winter. The palynodata of the
surface samples from the immediate vicinity of the cave
also reflect the riparian forest and are an exact match with
the cave sample of bat guano. That both the vegetation and
climate of the region are strongly governed by the Simsang
River, along with the heavy rainfall, is indicated by the
dominance of the riparian taxa Duabanga, Ficus, and
Careya and other heavy-rainfall indicator taxa like Mesua,
Syzygium, and Elaeocarpus. The samples from inside the
cave also reflect local and regional floras quite well (Burney
and Burney, 1993; Carrion et al., 2006), and the pollen
contained in the bat guano matches well that in the surface
sediments of lake and peat (Maher, 2006) that supports our
palynodata. The abundance of Nepenthes khasiana in bat
guano is significant and suggests the presence of insectiv-
orous and riparian habitat growing in very limited pockets
in and around the area. The presence of Nepenthes pollen is
strongly suggestive of heavy rainfall and a perennial water
system in the region, because Nepenthes khasiana generally
grows in the shade along rivers and streamlets in
Meghalaya (Haridasan and Rao, 1985). The preservation
of Dipterocarpaceae pollen in the bat guano is informative
with regard to the size of the areas sampled by the bats, as
it does not grow near the Siju Cave and the closest plants
are several kilometers distance from the study area. Leroy



and Simms (2006) noted that bats can migrate hundreds of
kilometers from their shelter and is supported by our
pollen data, which strongly suggest that the bats fly several
kilometers for their food. The fern spores, especially
Cyathea, Dryopteris, and Pteris, in the bat guano are local
in origin and grew in the immediate vicinity of the cave.
Their presence may also be due to the influence of wind
activity. Caves with a large entrance and strong air
circulation are likely to have higher pollen presence
resulting from wind than caves with smaller entrances
and minimal air circulation (Burney and Burney, 1993).
However, the occurrence of terrestrial ferns, especially
Gleichenia, Dryopteris, and Lycopodium, signifies high
rainfall and humid climatic conditions in the area
(Basumatary et al., 2013), which is exactly reflected in the
palynoassemblage of the studied samples. The abundance
of fungal remains such as Meliola, Cookeina, Microthyr-
iaceae, and Diplodia, along with degraded palynomorphs,
is strongly indicative of warm and humid climatic
condition during sedimentation in the region. The presence
of Glomus with hyphae in surface-soil and moss-cushion
samples is strongly indicative of high soil erosion in the
region. Medicinal plants like Swertia chirata and Rauvolfia
serpentina are not encountered in the bat guano, although
they are present in the luxuriant growth in the vicinity of
the cave. Their absence may be due to their bitter in taste
and avoidance by insects that might in turn be eaten by the
bats.

CONCLUSIONS

The palynological study on bat guano from Siju Cave is
the first to be conducted in India. The palynodata from
both the modern bat guano and surface samples from the
immediate vicinity of the cave are very similar and indicate
the existence of mainly riparian forest intermixed with both
evergreen and deciduous taxa that exactly coincides with
the extant vegetation. The bat guano deposit in Siju Cave
can be considered as a reliable source of palaecoecological
data that can be used to support data from surface and
sedimentary soil profiles and to substitute for the scarcity
of lakes, swamps, and wetlands in Meghalaya, with the
caveat that bats can forage long distances from their roost
site in the cave and may accumulate pollen from plants not
found in the immediate vicinity of the cave. Lastly,
multidisciplinary studies that integrate pollen data from
caves with paleontological, archacological, zoological, and
geological data could play an important role in any
palacoecological study of the South Garo Hills of
Meghalaya and at the global level.
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