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ABSTRACT
Undisturbed natural habitats, including protected areas cover only about 5% of the

worlds land area. On the other hand nearly two-thirds of the terrestrial environment of the
planet consists of managed ecosystems. A large proportion of the world’s biological
diversity coexists with humans in these man made landscapes. A good example is the wet
zone of Sri Lanka where man made habitats with differing physical, chemical and biological
properties, such as home gardens, paddy fields and other monoculture plantations cover
most of the land area even though it is designated as one of the world’s 11 biodiversity
“hyperhot” hotspots. These habitats are frequently subjected to human modification whose
impact on the biodiversity is little known to science. As herpetofauna plays a major role in
maintaining the ecological balance in such agro-ecosystems, this study was undertaken to
document the herpetofaunal diversity of three major agro ecosystems (tea rubber and oil
palm) and to compare the herpetofaunal diversity of these agro ecosystems with a nearby
natural ecosystem (rainforest). The study was conducted in Galle District of Sri Lanka
during 2002-2004. Four sites with different land use types (tea, rubber, oil palm and natural
forest) were chosen for the study. The main sampling method used was the quadrate
clearance technique. In addition, several abiotic factors (litter depth and canopy cover)
were also measured to determine whether they influence the herpetofauna both among and
within the ecosystem types selected. A total of 279 individuals belonging to 23 species
were recorded from the four study sites including 16 species of reptiles and 7 species of
amphibians. Natural forest had the highest density of individuals and species richness
compared to the man made habitats. Among the plantations oil palm had the highest
individual density while tea had the lowest. Rubber and oil palm habitats had the same
species richness while tea had the lowest richness. In the man made ecosystems the
species assemblage was dominated by a few species. Further, the man made habitats tend
to support common species or habitat generalists rather than the habitat specialists such
as rare endemic species. On the other hand 13 out of the 23 species recorded were restricted
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to the natural forest including 10 endemic species. These findings clearly highlight the
importance of natural forest for preservation of indigenous and endemic faunal assemblages.
This study also indicates that man made ecosystems are used by a large number of species.
However, the species found here are mostly the common ones while the sensitive species
are restricted to the natural forest. Therefore it can be concluded that while these three
agro ecosystems play an important role in maintaining the population densities of common
species of herpetofauna they are unlikely to play a key role in conservation of threatened
and endemic species.

Key Words :  Man made ecosystems, Herpetofauna, Species diversity, Species richness,
Wet-zone

INTRODUCTION
Until the late 1980’s, biological

conservation efforts was mainly focused on
undisturbed natural habitats, including protected
areas that cover only about 5% of the world
land area. However, the focus on undisturbed
habitats was challenged at the dawn of this
decade, where attention was called on the fact
that at least two-thirds of the terrestrial
environment of the planet consisted of managed
ecosystems, including agricultural systems,
forestry systems and human settlements1.
Consequently, a large portion of the world’s
biological diversity coexists with humans in
these man made landscapes. Therefore there
is a greater tendency at present, to focus
conservation efforts on such agricultural and
forestry systems in-addition to the undisturbed
lands.

Wet-zone of Sri Lanka along with the
western Ghats is designated as one of the
world’s 11 biodiversity “hyperhot” hotspots,
in demand of extensive conservation
investment2,3. However agro-ecosystems and
human settlement cover most of the land area
in the wet-zone of Sri Lanka and forest cover
exists only in 12% of the land4. A burgeoning
human population, demand for subsistence land,
and a high proportion of endangered and
endemic species within Sri Lanka’s wet zone
have resulted in its being declared a critically
endangered eco-region5-7. Agro ecosystems
cover a major portion of the land area of this
region such as home garden, paddy, tea, rubber,
cinnamon and oil palm, which forms unique

man made habitats with differing physical,
chemical and biological properties4. These
habitats are frequently subjected to human
modification and therefore the environment of
these habitats is often changing whose impact
on the biodiversity is little known to science.
However, these man made habitats function
as an integral part of the habitats of large
number of fauna and flora. In agro ecosystems
herpetofauna plays a major role to maintain
the biological balance4 yet the herpetofaunal
diversity in such agro ecosystems is not fully
assessed at present as reflected by the paucity
of the available literature on this aspect.

However the factors influencing
characteristics of the herpetofauna of leaf litter
in tropical rain forests are not well understood.
Several physical factors have been implicated
as influencing density, richness and diversity
in these communities. Some identified physical
factors are litter depth, moisture, canopy cover,
and elevation8,9. Fauth et al.8,9 and Heinen 9

founded that litter depth was positively
correlated with species richness. The type of
forest cover also influences the leaf litter
hepetofauna9. In Costa Rica greater diversity
and a lower abundance of hepetofauna were
found in the primary forest compared with near
by cocoa plantation9. Knowledge of these
relationships is important for several reasons.
It has general applicability to conservation and
restoration of natural communities as areas are
removed from cultivation and protected.
Knowledge of prior land use and time since
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disturbance, coupled with studies of species
assemblages through time, are important in
providing information about the processes
involved in faunal restoration. Such empirical
results can be used to design manipulative
studies to test the mechanistic factors that may
affect the herpetofauna9. Lastly this type of
information can be used to increase the
sustainability of the Agro ecosystems too. If
time since disturbance has an important
influence on the structure of the leaf litter
herpetofauna, one may predict that more
recently disturbed sites will display the lowest
diversity, followed by less recently disturbed
sites, when compared to primary forest.
Heinen9 found these relationships in Costa
Rica. In addition, one may predict that both
richness and evenness may decline from a
primary forest to a disturbed site, and hence
that dominance of some species in the sample
would increase9.

But in Sri Lankan point of view there is
hardly any studies done on related to this topic.
Therefore the main objective of this study was
to compare the diversity (measured in richness,
evenness, and dominance) and abundance of
the leaf litter herpetofaunal that exist in the
major agro ecosystems (tea, rubber, and oil
palm) with a nearby natural ecosystem
(rainforest) of the low land wet zone in Sri
Lanka. Further measured several abiotic
variables (litter depth and canopy cover) to
determine whether they influence the
herpetofauna both among and within
ecosystem type.

MATERIAL AND METHODS
In this study, all reptiles and amphibians

that live directly in the leaf litter, or are found
within 1m of the forest floor, and that are
known or presumed to feed on organisms living
in the leaf litter (e.g., arthropods and other
invertebrates for most species, and small frogs
and lizards in the case of some snakes) are
included in the leaf litter herpetofauna.

The study was conducted at
Yakkalamulla divisional secretariat division in

Galle District of Sri Lanka. Four sites with
different land use types were chosen for
sampling within the study area. These four sites
represent three agro-ecosystems (tea, rubber
and oil palm) and a natural ecosystem. Kottawa
Forest Reserve was chosen as natural
vegetation and it is classified as a low land
rainforest10. Eighteen years old tea (Camillia
sinensis) plantation was selected from tea
estate belongs to the Tea Research Institute
of Sri Lanka at Talgampola as tea based
ecosystem. The rubber (Hevea brasiliensis)
estate (22 years old) of Watawala Plantation
Limited of Nakiyadeniya was selected as
rubber based ecosystem. For oil palm based
ecosystem, oil palm (Elaeis guineensis) estate
of the Watawala Plantation Limited was
selected in the same locality. In the all study
sites the elevation ranges from 30-100m above
sea level with a mean annual rainfall of
2510mm4. The soils in all sites are classified
as Red Yellow Podzolic11.

The quadrate sampling method was
used for sampling herpetofauna. Quadrate
sampling was done during September 2003 to
November 2003. A total of eighteen 8 x 8 m
quadrates were placed at randomly selected
points of each study site. In selecting sites for
placing quadrates, areas with a high relief angle
or areas adjacent to tree-fall gaps were
omitted. All quadrates sampled in the agro-
ecosystems were located greater than 1km and
less than 2km from natural vegetations. A
polythene fence (45cm height) was placed
along the sides of the quadrate to prevent
animals from escaping. A minimum of two
people was engaged in all of the sampling
sessions. Sampling involved sorting through all
leaf litter in the plot, tree trunks, branches,
under stones and logs8,9.  All the fauna
encountered were collected, identified and
released on site. Juvenile frogs (specially
Ranidae) and skinks which could not be reliably
identified to species were counted and used in
the analysis of density but were omitted from
the calculations of diversity indices.
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The different groups of herpetofauna
were identified using the most recent
taxonomic keys and guides available for each
of the taxonomic group; Amphibians : Dutta
and Manamendra-Arachchi12, Manamendra-
Arachchi and Pethiyagoda13; Serpentoid
reptiles: De Silva14,  Tetrapod reptiles :
Deraniyagala15, Pethiyagoda and Manamendra
-Arachchi16.

There is an ongoing debate about how
to calculate diversity and about the
appropriateness of various diversity indices.
Some prefer a simple species count for
richness9.  Despite this, measurement of
abundance and evenness of species in a sample
can provide more information, and this approach
is appropriate for general comparisons among
areas, provided the samples were collected in
a similar manner for standardization9,17. For this
analysis several general and widely known
indices17,18 were chosen to compare the
herpetofaunal assemblages. Diversity was
calculated by Shannon and Wiener index (H’),
H’ = - •Pi ln Pi ; Pi = ni / N, ni = Number of
individuals in ith species, N = Total number of
individuals17. Evenness = E = H’ / ln S; H’ =
Shannon evenness measure, S = Number of
species or species richness17. Dominance
index = D = •Pi

2 ; Pi = ni / N17. Sorensen’s
Similarity co-efficient (CS) CS= 2j / (a + b)17;
a = Number of species in habitat A, b =
Number of species in habitat B and j = Number
of species common to habitat A and B.

The physical variables recorded for
each plot were canopy cover express as
percentage of the quadrate was covered by
the canopy (measured based on visual
estimation), and depth of the leaf litter (mm).
The depth of leaf litter was measured at five
points of each sub plot, one at each corner of
the plot and one at center by using meter rule.
The average value of the variable in each
quadrate was used in the analyses. Statistical
analyses were conducted with SPSS V.10, with
probability set at p d•0.5.

RESULTS AND DISCUSSION
During this study 279 individuals

belonging to 23 species were recorded from
the four study sites (Table 1). This comprise
of sixteen species of reptiles and seven species
of amphibians. The reptiles included seven
species of snakes (all of them were restricted
to the natural forest), five species of Lizards
(of these Otocryptis wiegmanni was recorded
in all four study sites while Calotes liolepis
and Ceratophora aspera were restricted to
the natural forest, Calotus versicolor was
restricted to the oil palm plantation and Calotes
calotes was restricted to the man made
ecosystems), four species of Skinks (of these
Mabuiya carinata lankae and Lankascincus
fallax were found in all four sites,
Lankascincus gansi was restricted to the
natural forest, and Nessia bertoni  was
restricted to natural forest and rubber
plantation). Among the seven species of
Amphibians Bufo atukoralei was recorded
from all four sites, Ichthyophis glutinosus,
Limnonectus corrugatus ,  and Rana
aurantiaca were restricted to the natural
forest, Bufo melanostictus is restricted to all
three man made ecosystems (tea, rubber and
oil palm) and Philautus variabilis  and
Limnonectus limnocaris were restricted to the
natural vegetation, rubber, and oil palm
plantation.

Among the 23 species, three were
recorded only once and therefore can be
considered as rare species (Table 2). The
natural forest had the highest density of
individuals (1571 animals/ ha) compared to the
three plantations (Table 2). Among the
plantations oil palm had the highest individual
density (399 animals/ ha) while tea had the
lowest density (165 animals/ ha). The natural
forest also supported a higher number of
species20 compared to the plantations11.
Among the plantations rubber and oil palm had
the same species richness (n = 9), while tea
had the lowest richness (n = 6).
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Table 1: Species richness and density of the herpetofauna recorded in the study sites.
Family and species Forest Tea Rubber         Oilpalm
Order-Serpentes (snakes)
Family-Colubridae
01. Cercaspis carinatus*     2   0 0   0
02. Lycodon striatus*     1   0 0   0
03. Oligodon sublineatus*     2   0 0   0
04. Oligodon arnensis     1   0 0   0
Family-Typhlophidae
05. Ramphotyphlops braminus*   12   0 0   0
Family-Uropeltidae
06. Cylindrophis maculata*     1   0 0   0
Family-Viperidae
07. Hypnale hypnale     2   0 0   0
Order-Sauria
Family-Agamidae (Lizards)
08. Calotes calotes     0   3 2   3
09. Calotes liolepis*     3   0 0   0
10. Calotus versicolor     0   0 0   1
11. Otocryptis wiegmanni*   17   3 3   5
12. Ceratophora aspera*     3   0 0   0
Family-Scincidae (Skinks)
13. Mabuiya carinata lankae   16   2 2   4
14. Nessia bertoni*   10   0 1   0
15. Lankascincus gansi*   18   0 0   0
16. Lankascincus fallax   29   6 10 11
Order-Anura
Family-Ichthyophilidae
17. Ichthyophis glutinosus*     1   0 0   0
Family-Bufonidae
18. Bufo atukoralei*     7   2 3   2
19. Bufo melanostictus     0   1 3   3
Family-Ranidae
20. Limnonectus limnocaris     8   0 2   6
21. Limnonectus corrugatus*     8   0  0   0
22. Philautus variabilis   15   0 2   2
23. Rana aurantiaca     5   0 0   0
24. Unidentified juveniles   20   2 5   9
Total number of individuals 181 19 33 46
Total number of species   20   6 9   9

Note : Eighteen plots of 64 m2 were sampled in each study site (* = Endemic).
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Table 2 : The density, richness, diversity, evenness, and dominance of the herpetofauna
   in the four sampling sites (Based on quadrate sampling method)

Criteria Natural Forest Tea    Rubber Oilpalm

Number of individuals 181   19    33   46

Density (animals / hectare) 1571 165    286 399
Richness (no. of species)     20     6      9     9
Shannon-wiener diversity index (H’) 2.5563 1.4938   1.81591.8313
Evenness (E) 0.8533 0.8337    0.8359 0.8335
Dominance (D) 0.0907 0.2180    0.1837 0.1848

Table 3 : Pair wise comparison of Sørensen similarity coefficient of Herpetofauna
communities among the four study sites.

Combination Sørensen (Cs)

A – B 0.3077

A – C 0.4827

A – D 0.4138

B – C 0.8000

B – D 0.8000

C – D 0.8889

Note: A = Forest, B = tea, C = rubber, and D = oil palm

The average herpetofaunal density
varies significantly (P>0.05) among the four
study sites. A positive relationship was
observed between the density of herpetofauna
and litter depth (R2 = 0.8652) as well as %
canopy cover (R2 = 0.4009) in the all four study
sites (Table 4). There is a strong agreement
among the variation in species density and litter
depth as well as % canopy cover indicating
that  these are the two major physical
parameters that determine the distribution of
herpetofauna in these sites.

Furthermore, the density within a given
study site also varies significantly (P>0.05).
However, this variation is more pronounced in
the man made ecosystems, especially tea

The natural forest had the highest
species diversity (H’ = 2.5563) followed by oil
palm (H’ = 1.8313), rubber (H’ = 1.8159) and
tea (H’ = 1.4938). The evenness (E) was
relatively high in all four sites indicating that
no specific species dominated the species
assemblage. This is further confirmed by low
values obtained for the Dominance index (D).

A pair wise comparison of the Sørensen
similarity coefficient (Cs) of herpetofauna
assemblage between each study site showed
that there is a higher degree of similarity among
the three man made ecosystems while the
natural forest showed a low level of similarity
to any of the three man made ecosystems
(Table 3).
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Table 4 : Physical and biotic variables difference among the four study sites

Criteria Forest Oilpalm Rubber Tea Total Sample

No. of animals/ plot 8.94±3.59 2.06±2.96 1.56±1.89 0.94±1.30 3.94 ± 4.63
Litter depth (mm) 21.61±8.02 2.93±4.39 1.58±1.72 0.54±0.79 6.64 ± 9.86
% Canopy cover 94.44±6.16 67.22±11.78 60.28±14.5 7.06±16.40 57.15 ± 34.37
R2 -Litter depth
vs. Density 0.7986 0.6934 0.5091 0.8193 0.8652
R2 - % Cover
vs. Density 0.0001 0.2370 0.1465 0.7395 0.4009

Note : The variables are expressed as the mean ±1 SD, and P-values associated with each, determined by
the X2. Eighteen plots of 64m2 were sampled in each vegetation types  : R2 = correlation coefficient.

plantation as the conditions vary quite
significantly from place to place. As the habitat
parameters does not vary drastically within the
natural forest species were recorded in all the
plots compared to man made habitats where
in many of the plots no species were recorded
(Fig. 1).

The abiotic and biotic characteristics of
the natural forest were more favorable for
herpetofauna than the man made habitats. As
a result the species richness and density of
herpetofauna in the natural forest was greater
than that of the plantations. In the natural forest
the evenness was high even though some
species were found to be rare. This result is
consistent with other studies done in the tropical

rain forests8,9. In the man made ecosystems
the species assemblage was dominated by a
few species while most species are rare.
Heinen9 reports that both evenness and
richness decline with disturbance, hence few
species dominate the species assemblage in
such disturbed ecosystems. Results of this
study are consistent with this observation.
Species assemblage found in the natural forest
is dominated by threatened, rare and endemic
species indicating the significance of natural
habitats for species survival.

Among the 23 species recorded 13
species were restricted to the natural forest.
This included 10 endemic species. This
illustrates the importance of natural forest as
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                       Fig. 1 : Variation in the density of herpetofauna in the four study sites.
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refugia for some rare and endemic species.
Furthermore, all seven species of snakes that
were captured in this study were found only in
the natural vegetation and three of them were
found only once during the sampling period.
All of the snakes were found under the leaf
litter, under dead wood or stones. In the
plantations this type of microhabitats are very
rare, which may be the reason why these
species were not recorded in the man made
habitats.

The species Calotes calotes, Calotus
versicolor, and Bufo melanostictus were only
found in the plantations. This result is consistent
with microhabitat description of these
species12. This indicate that man made habitats
tend to support common species or habitat
generalists rather than the habitat specialists
such as rare endemic species.

The positive associations of litter depth
with abundance of animals are consistent with
other studies. For example, Fauth et al.8 and
Heinen9 found out that herpetofaunal density
increased with litter depth. This may be due to
greater biomass of arthropods in areas with
high leaf litter. The results of this study also
show that leaf litter arthropods are abundant
in the natural forest, which had the highest leaf
liter depth.

The rubber plant is a deciduous tree and
in January and February those trees defoliate
and as a result the depth of leaf litter tends to
increase. However, in this study this aspect
was not investigated due to time limitations and
lack of resources. In the oil palm plantation
heaps of litter debris was observed. These
types of places are more attractive to the
herpetofauna and this may have influenced the
high density of herpetofauna observed in the
oil palm compared to the other plantations. In
the tea plantation due to plucking of leaves
natural defoliation is quite low and as a result
had the lowest leaf litter depth.

The positive association between
percentage canopy cover and the number of
animals per plot is a result of reduction in the
light level and the ambient temperature due to
the shade provided by the canopy. Furthermore,
it also results in a reduction of the surface
evaporation and increase in the relative
humidity. The tea plantation which had least
percentage canopy cover percentage had the
lowest species richness in herpetofauna which
is agrees with the suggestion, that extremes of
temperature and water availability could
influence diversity of herpetofauna9.   On the
other hand oil palm and rubber, which had
relatively high canopy cover showed relatively
high species richness.

However, during this study a clear
association between riparian cover and the
number of animals per plot was not observed
in the natural vegetation in spite of the high
percentage canopy cover observed. This could
be attributed to fact that percentage canopy
cover varies very little in the natural vegetation.
Thus light level, temperature, and the relative
humidity remains relatively constant. As a
result this parameter could not be a decisive
factor in determination of herpetofaunal
distribution compared to depth of leaf litter.

CONCLUSION
Species richness, diversity and density

were found to be much higher in natural forest
compared to agro-ecosystems. Among the 23
species recorded 13 species including 10
endemic species were restricted to the natural
forest, illustrates the importance of natural
forest as a refugia for some rare and endemic
species. The findings of this study clearly
highlight the importance of natural vegetation
for preservation of indigenous and endemic
faunal assemblages. However, this study also
proves the value of man made ecosystems as
habitats for large number of species. Therefore,
for effective biodiversity conservation, one
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should focus not only on conservation of natural
habitats but should also promote such
agricultural and forestry practices that are
favorable for biodiversity conservation as these
can be used as important links between isolated
forest patches.
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