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The Western Ghats is well known for harbouring 14
endemic species of caecilians (i.e. legless amphibians)
out of 15 recorded from the region so far. Ecological
diversity of caecilian species was studied through soil
excavation and litter-search. A total of 83 individuals
belonging to 9 species were collected from 24 collec-
tion spots in 8 localities distributed along the West-
ern Ghats. The Chao’s index estimates a maximum of
27 species to occur in the Western Ghats whereas the
taxonomic literature so far has recorded only 15
species. Field studies and literature review indicated
that 10-12°N is the richest latitudinal zone while re-
gion 20°N northwards is the poorest in recorded
species richness. This pattern coincides with the in-
creasingly drier climate towards North. At the land-
scape level also, caecilians prefer moist soils rich in
organic carbon. Thus, they are quite common not
only in evergreen forests but also in orchards of are-
canut and coconut which have perennial watersupply
but without heavy chemical input.

CAECILIANS are limbless secretive burrowing amphibi-
ans. They are probably the earliest land vertebrates and
have a long cylindrical body like that of a snake'. In-
stead of epidermal scales, they have rings or annuli on
the body. These creatures are generally mistaken
for giant earthworms or even for snakes, espe-
cially shield tails. As the head and tail prima facie Jook
alike, they are considered as two-hcaded snakes and
most often they become the victims of the spade of
farmers.

So far, 205 species of amphibians have been recorded
from India®?™® Amongst various biogeographic zones,
Western Ghats is the richest with 120 species, of which
92 are endemic®™, The Western Ghats with heavy rain-
fall, fairly moderate temperature, luxuriant growth of
vegetation with short dry period provides idcal envi-
ronmental conditions for the occurrence and abundance
of amphibians in general and caccilians in particular, In
India, caccilian population consists of 17 species, of
which 15 occur in the Western Ghats and of these 14 are
endemic™®, Thus, caecilians show one of the highest
degrees of cndemicity in Western Ghats (92%) in con-
trast 1o certain other groups such as birds that are much
common, casy to observe, speciose but with very few
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endemics (12 out of 507, i.e. 2%)7. These creatures feed
on earthworms and on the detritus to0.

Earlier studies on Indian caecilians were confined to
taxonomy, geographical distribution, morphology and
reproductive biology; work on ecology and behaviour
was meagre®®. For the proper assessment of the status of
their occurrence and abundance, extensive systematic
survey and an intensive study of the soil and related pa-
rameters are essential®'®, I report here preliminary work
in this direction,

Materials and methods

In the absence of any established methodology of caecil-
ian sampling, 1 tried out different secarch mecthods. Ini-
tially, I extensively surveyed different vegetation types
such as evergreen and deciduous forests, grasslands,
monoculture plantations, coffee and tea plantations and
paddy fields. In particular, orchards of arecanut and co-
conut, either pure or mixed with coffee, banana, carda-
mom, etc: were already surveyed at different seasons of
the year in 1994. I encountered these creatures only in
the evergreen forests and orchards. The preliminary
studies carried out at Sringeri and Palakkad in 1995
yielded the same species from the orchards and nearby
forests. Besides, orchards had higher density of animals,
collection was casier due to greater accessibility and
relatively loose soils. Hence, given the time and re-
sourcc constraints, I chose to survey only orchards, to
maximize the cfficiency of sampling,

Eight of the sites selected in Western Ghats Biodi-
versity Network (WGBN)'! were surveyed for caccil-
ians. They represent cight randomly chosen localities
along the foothills of Western Ghats (Table 1), The area
of cach WGBN study site is approximately 25 km® with
a part of it under natural landscape and a part under
man-made.

I sampled each of these eight localities for a few days
during monsoon (i.e. June to September) of 1995, At
each collection spot, the soil around the bases of coco-
nut and arecanut trees was excavated (o a depth of about
5 to 45 em for searching the animals, In some areas,
simple turning of the piled up rotting leaves of coconut
or arccanut leafl sheaths resulted in the sighting of
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Table 1. Localitics, geography, climate, sampling efforts and species encountered

Dry Dura- Area No. No. of

Site Latitude Longitude  Altitude Rainfall menths tion searched of Species indivi-

no. Locality (°*N) (°E) (m ASL) (mm/yr) {fyr) {min) (m?) spp- abbr.  duals
I Supegao 18.25° 73.45° 300 3000 7 210 175 2 inb, ibd 3
2 Mala 13,02 75.15° 200 6000 5 120 100 1 ibd 3
3 Mala 13,027 7518 200 6000 5 90 5 1 iml 1
4 Neggu 14,33 74,39 600 3000 6 55 45 1 ibd 4
5  Neggu 14,33 74,39 600 3000 6 60 60 1 ibd 1
6 Neggue 14,33 74,39 600 3000 6 150 125 1 iml 1
7  Badal 14.28" 74,29’ 100 4000 6 120 90 1 ibd 9
8  Badal 14.28° 74,29 100 4000 6 60 50 1 ibd 1
9 Kigga 13,26 75.10° 800 6000 5 120 95 1 ibd 3
10 Kigga 13.26° 75,10° 800 6000 5 125 100 l ibd 4
11 Kigga 13,26’ 75,10 800 6000 5 60 50 1 ibd 1
12 Kigga 13.26" 75,10 800 6000 5 45 36 1 ibd 1
13 Karimba 11,00 76,32’ 300 5000 4 235 192 3 isp2,itr,ibd 6
14 Karimba 11,00 76,32 300 5000 4 80 80 2 iml,isp2 4
15  Karimba 11,00 76,32 300 5000 4 195 180 1 iml 1
16  Karimba 11,00 76,32' 300 5000 4 110 85 1 isp3 I
17  Karimba 11,00 76,32 300 5000 4 185 180 1 un 8
18  Thirvambadi 11,15° 76,10 800 4000 4 175 160 2 un,ilg 5
19 Thiruambadi 11,15 76,10 800 4000 4 95 75 1 ilg 1
20  Thiruambadi 11,15 76,10 800 ,, 4000 4 55 45 2 un,ilg 8
21 Thiruambadi 11,15 76,10 800 4000 4 110 85 i un 3
22 Thirvambadi 11,15° 76,10 800 4000 4 50 48 { un 1
23 Vithura 8,40’ 77,10 300 2000 3 65 60 1 gra 7
24 Vithura 8,40 77,10 300 2000 3 35 30 1 gra 6
Mean 108.54 92.54 13 3.45
s.d. 56.02 49.14 0.5 2.59
total 2605 2221 9 83

inb, Indotyphlus battersbyi; ibd, Ichthyophis beddomeis; itr, L tricolor, iml, I. malabarensis; isp 2, 3, L. species 2, 3; ilg, I. longicephalus, gra,

Gegeneophis ramaswami; un, Uraeotyphlus narayani.

caecilians. The area covered and time spent for search-
ing, the altitude of the locality, the soil and atmospheric
temperature are provided in Table 1. The soil samples
from the places where caecilians inhabited were col-
lected and got analysed at the Agricultural University,
Gandhi Krushi Vigyaan Kendra, Bangalore for physical
and chemical parameters (Table 2).

Altogether I spent over 2600 minutes in merely exca-
vating or litter-searching an area of 2200 m* distributed
over 24 collection spots from 8 localities. This yielded
3.5+ 2.5 specimens and 1-2 species per site. In all, I
encountered 9 species from a total of 83 individuals
sampled in the 8 areas. The most dominant species
Icthyophis beddomei occurred in 6 out of § localities
and contributed more than a third (31) of the total (83)
individuals. Six out of 9 species encountered only in a
single locality and one each from two and three locali-
ties.

Extrapolating the number of species in a community
or a region based on sampling is a question of great sci-
entific interest. For this purpose, by using the parame-
ters of lognormal distribution is one popular, older
method'?, which requires data on over 200 individuals.
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The other option is to use recently discussed Chao in-
dex, which is the least negatively biased estimater of the
total species richness than Simpson’s, Shanon’s and
other indices of diversity”. Besides, it can work rea-
sonably well with small sample sizes. Chao’s estimate of
species richness of the population is given as follows:

2
(Sone samplc)
Sexpected = Sobserved + »
2 x (Stwo samplcs)

where S denotes species richness, for the target popula-
tion.

Results and discussions

Figure 1 shows that the mean of Chao’s estimate in-
creases with increasing number of localities sampled, as
expected. However, as the figure indicates, the upper
limit of the range — 27 species — is nearly the same irre-
spective of whether collection is from 4, 5, 6 or 7 lo-
calities drawn randomly. At this stage, I am not sure if
this upper limit would ever be reached but it does sug-
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Table 2. Soil parameters from study sites

Exchang. Exchang.
Soil Relative Electrical Organic  Ca Mg Available Available Total Available Exchangeable
Site temp.  humidity conductivity C  Cmol(p+) Cmol(p+) K>O P,0s N S Na
no. Locality 0 (%) pH (dSIm) (%) kg kg (kg/ha)  (kg/ha) (%) (ppm) (ppm)
| Supegao 25's 95.02 6.46 1.67 7.98 144 4.64 1370 3145 0.65 65.55 144.4
2 Mala 26 4295 6.47 0.53 2.76 333 263 371 69.02 0.19 36.33 140
3 Mala 26 56.78 6.59 0.77 4.84 551 49 1740 27.36  0.03 29.36 157.5
4 Neggu 26 42.1 6.63 0.77 6.62 779 6.65 734 90.26  0.46 54.15 102
S Neggu 26 421 6.64 0.2 2.21 455 201 198 30.22  0.04 29.21 1 76.6
" 6 Neggu 26 65.64 6.93 0.48 6.02 10.6 3.678 103 75.15  0.39 53.64 100.6
7 Badal 26.5 34.98 6.99 0.47 4.58 6.65 5.86 296 33289 0.11 27.07 81.9
8 Badal 26 54.92 7.04 0.49 7.93 122 6.39 1034 111.91  0.03 65.55 111.6
9 Kigga 22.5 38.45 7.05 0.22 2.29 429 171 1223 23.28 0.15 57 146.6
10 Kigga 255 45.41 6.09 0.32 2.84 394 2.89 405 7.76  0.23 21.37 87
11 Kigga 255 50.59 5.89 0.42 5.13 5.69 1.92 381 31.85 035 47.73 111.8
12 Kigga 22.5 19.35 6.52 0.32 2.76 4.11 1.49 465 12335  0.19 32.77 135.6
13 Karimba 25 40.69 7.35 0.64 411 149 114 84 153.57 0.27 37.05 74.4
14 Karimba 24 29.54 6.59 0.54 1.78 543  0.26 461 24179  0.12 285 74.4
15 Karimba 24 29.22 6.97 0.29 2.03 5.08 1.49 409 253.2 0.08 342 105
16 Karimba 24 39.62 7.04 0.18 2.37 376 35 1740 4615 020 291 1116
17 Karimba 24 29.22 6.97 0.29 23 5.08 1.49 409 253.2 0.08 34.2 105
18 Thiruambadi 23 58.1 7.67 0.58 445 849 5.6 3528 256.5 0.06 35.62 150.9
19 Thirvambadi 24 48.43 6.81 0.39 53 9.8 2.54 1072 14459 045 59.14 157.5
20 Thiruambadi 24.5 58.1 6.31 0.14 3.39 306 333 940 96.8 0.02 22.08 1203
21 Thiruambadi 24 37.5 5.46 0.08 3.9 6,65 5.16 960 8.98 0.24 26.36 144
22 Thirvambadi 22 35.57 6.59 0.27 39 508 4.1 400 4247 0.29 21.38 1313
23 Vithura 25.5 41.14 5.91 0.04 1.36 2.1 1.31 188 8.17 0.11 17.81 17
24 Vithura 25.5 28.73 6.39 0.08 17 228 131 103 15.52 0.1 - 19.95 76.6
Mean 2472 44.33 6.64 0.42 3.86 589 317 775.5 103.14  0.20 36.88 110.98
sD 1.28 15.23 0.48 0.33 1.87 3.17 1.82 7517 95.02 0.16 14.55 33.48

Chao's Estimate of Species Richness
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Figure 1. Species richness extrapolation, Chao’s estimate of total species vichness in the caccilian commu-
nity of the Western Ghats. The number of randonly picked sites varies from 4 10 7. Mean value for cuch st
has a positive correlation with the number of sites indicaling that more the sauples, the greater is the estimate
of expected specics in the entire population. However, the upper range ol the estimate has remuined nearly at g

constant level of about 27 species.

gest that further sampling is likely to add a few new
species, In fact, even data from 4 randomly chosen lo-
calitics yielded a mean Chao's estimate of 15, and this
itself equals the total recorded species so far. So there is

CURRENT SCIENCE, VOL. 73, NO. 2, 25 JULY 1997

good chance of discovering newer species with addi-
tional sampling.

The caccilians occurred from the surface to a depth of

around 45-60 cm in the rainy season and at the edges of
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Chord Distance between Species:

Figure 2. Clustering of species using soil parameters, The average linkage dendrogram of species on the basis of chord distances between
thern calculated using their relative mean soil parameter values does not show separate clusters. This indicates that caecilians seem to differ
only moderatety and in fact tend to have some niche overlap in terms of soil preference. inb, Indotyphlus battersbyi, ibd, Ichthyophis bed-
domei; itr, I tricolor; iml, I. malabarensis; isp 2, 3, I species 2, 3, ilg, 1. longicephalus; gra, Gegeneophis ramaswami; un, Uraeotyphlus

narayani.

streams or irrigation canals during dry season. Orchards
with high organic matter content had more number of
animals than other gardens. Generally, caecilians were
seen in the orchards with perennial source of water.
Caecilians were very few or absent in the orchards with-
out organic content/and were never seen in the gardens
which had used either chemical fertilizers or lime. The
absence of caecilians in the soils with low organic con-
tent may be due to dearth of food — either earthworms or
detritus.

Caecilians were encountered all over the altitudinal
range surveyed —15m to 700 m from the mean sea
level. Further, as a group, caecilians are known to be
widely distributed from the sea level to an elevation of
more than 2500 m (refs 5, 14, 15). The present sampling
levels are too inadequate to determine if different spe-
cies have characteristic, different elevational ranges and
preferences. Figure 2 illustrates the dissimilarity in the
soil parameters of the collection spots of different spe-
cies, expressed as single linkage clustering based on
chord distance, calculated using matrix of 9 species and
14 soil parameters. The chord distance is given as:
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d 1= (injzxik)

a N

where dj; is the chord distance, x;; and x; are abundance
values of species in transects j and k respectively. As the
dendrogram in Figure 2 shows, there are no separate
clusters. Thus, the caecilian species seem to differ only
moderately from each other and have some niche over-
lap in terms of soil preference. However, this topic re-
quires much more intensive research as our sample size
is limited.

The distribution pattern of different species of caecil-
ians based on my own surveys as well as literature indi-
cates that the latitudinal zone 10-12° is the richest and
20-30° is the poorest (Figure 3). Admittedly neither
myself nor the other researchers have sampled the
northern latitudes to the extent of southern region. This
is primarily due to initial experience that the species
catch is less in the North. Further research would throw
more light on the prevailing belief that the distribution
and diversity of caecilians in Western Ghats is nega-
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Figure 3. Regional distribution pattern. The figure shows the num-
ber of recorded species expected/reported to occur in each latitudinal
zone of the Western Ghats. The assumption here is that a species is
quite likely to occur in all the latitudinal zones in between its known
northernmost and southernmost locations. Even if this is not the
actual pattern for all species as some of the species may show
clumped distribution, the trend that species richness reduces with
decreasing dry period as seen here, might not change much,

tively correlated with the length of the dry period which
increases northwards, just like in case of frogs and
toads.
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