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the literature>'%*’. Further, in a few of
these species, the estimates are compara-
ble to those reported for star anise® (2.4—
7%). However, one of the most signifi-
cant advantages of the newly identified
Indian sources is that the estimates are
from leaves and not fruits as is the case
with star anise. Quite obviously,
extraction from leaves will be preferred
over that from fruits; moreover, the sheer
volume of the biomass offered by the
leaves would render it economically fea-
sible. In other words, the finding of the
new sources of shikimic acid can poten-
tially be used to meet the emerging needs
of both the domestic and the interna-
tional market.

1. Gibson, M. 1., Gibson, F., Doy, C. H. and
Morgan, P. N., Nature, 1962, 195, 1173.

2. Payne, R. and Edmonds, M., J. Chem.
Edu. (Suppl.), 2005, 82, 599-600.

3. Tiedtke, J., Cosmet. Sci. Technol., 2006,
15-21.

4. Uma Shaanker, R., Curr. Sci., 2006, 90,
1585-1586.

5. Singer, A. C., Nunn, M. A, Gould, E. A.
and Johnson, A. C., Environ. Health Per-
spect., 2007, 115, 102-106.

6. Yarnell, A., Chem. Eng. News, 2005, 83,
22-23.

7. Wendy, A., The Identification of
Medicinal Plants. 4 Handbook of the
Morphology of Botanicals in Commerce,
Missouri Botanical Garden Press, 2006,
p- 89.

8. Ortiz, B. I. and Clauson, K. A., J. 4m.
Pharm. Assoc., 2006, 46, 161-167.

9. Adams, H. ef al., Tetrahedron, 1996, 52,
8565-8580.

10. Enrich, L. B. et al., Tetrahedron Lett.,
2008, 49, 2503-2505.

11. Kramer, M. ef al., Metab. Eng, 2003, 5,

277-283.

12. Frantz, S., Nature Rev. Drug Discovery,
2006, 5, 7-9.

13. Myers, N., Mittermeir, R. A. da

Fonseca, G. A. B. and Kent, J., Nature,
2000, 403, 853-857.

14. Harring, T., Streibig, J. C. and Husted,
S., J. Agric. Food. Chem., 1998, 46,
4406-4412.

15. Lydon, J. and Duke, O. S., J. Agric.
Food Chem., 1988, 36, 813-818.

16. Bohm, B. A., Chem. Rev., 1965, 65, 435—
466.

17. Hattori, S., Yoshida, S. and Hasegawa,
M., Physiol. Plant, 1954, 7, 283-289.

18. Amrhein, N., Deus, B., Gehrke, P. and
Steinrucken, H. C., Plant Physiol., 1980,
66, 830-834.

19. Berlin, J. and Witte, L., Z. Naturforsch.
C, 1981, 36,210-214.

20. Hudina, M. and Stampar, F., Acta Agri-
cul. Slov., 2005, 85, 179-185.

ACKNOWLEDGEMENTS. The work was
supported by grants from the Department of
Biotechnology, New Delhi. Field collection of
plants from the Western Ghats was facilitated
by the kind permission of the State Forest
Department, Government of Karnataka.
B.T.R.,, G.R. and T.R.R. were involved in
sample collection. Extraction and chemical
analysis was performed by P.V., HK.S. and

T.R.R. Data analysis was done by B.T.R.,
R.U.S., A.S. and K.N.G. supervised the work.
R.U.S. and P.V. wrote the paper.

Received 25 November 2008; revised accepted
9 February 2009

T. R. RAGHAVENDRA 2
PRITI VAIDYANATHAN
H.K. SwaTHI'

B. T. RAMESHA

G. RAVIKANTH

K. N. GANESHAIAH
A. SRIKRISHNA®

R. UMA SHAANKER 2™

'School of Ecology and Conservation,

*Department of Crop Physiology and

*Department of Forestry and
Environmental Sciences,

University of Agricultural Sciences,

GKVK Campus,

Bangalore 560 065, India

*Suri Sehgal Centre for
Conservation Science,

Ashoka Trust for Research in
Ecology and the Environment,

Royal Enclave,

Srirampura, Jakkur Post,

Bangalore 560 064, India

*Department of Organic Chemistry,

Indian Institute of Science,

Bangalore 560 012, India

*For correspondence.

e-mail: umashaanker@gmail.com

Anti-predator behaviour of Large brown flying squirrel
(Petaurista philippensis): is this an effective census method

to survey the species?

Density or relative abundance of wild
animals over space and time is a pre-
requisite for evolving effective manage-
ment strategies. Such population estimates
of nocturnal mammals have been hard to
obtain and are often prohibitively expen-
sive. Acoustic lures are extensively em-
ployed in ornithology to elicit response
from the focal bird and later this has
been adopted as a census method for
the elusive and secretive animals'?.
Call playbacks of conspecifics are used
mostly for passerines as well as for non-
passerines like nocturnal and diurnal rap-
tors® and in secretive water birds’.
Interspecific and potential predator calls
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have also been employed to increase the
detection rate of diurnal raptors of the
woodland forest®. Similarly, call playback
experiments were used to develop various
theories of animal behaviour (neighbour
and stranger discrimination).

We employed the call playback of
conspecific owl calls to enhance the
detection rate of owls in the preselected
census points. In the reconnaissance sur-
vey, the Large brown flying squirrel
(Petaurista philippensis) was observed to
respond to the owl’s calls and such re-
sponse or alarm calls of flying squirrels
were recorded. In earlier studies, spot-
light search over the pre-established trail

was the common method employed to
encounter flying squirrels in the Western
Ghats*'®. Some reports on gliding mam-
mals revealed that they respond to the
predator’s approach''. Rohner'? recorded
the anti-predator response of Eurasian Red
squirrels (Sciurus vulgaris) to predator
calls of the Tawny owl. Since call play-
back method has not been employed to
census nocturnal mammals, we report our
observations using this technique. Out of
the two species of flying squirrels found in
the southern Western Ghats (Large
brown flying squirrel and Small Travan-
core flying squirrel), we selected the
Large brown flying squirrel due to its
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Table 1.

Response of Large brown flying squirrel to owl calls

Species

No. of responses Known occurrence

Barred jungle owlet {Glaucidium radiatum)
Collared’s scops owl (Otus bakkamoena)
Brown hawk owl (Ninox scutulata)

Forest eagle owl (Bubo nipalensis)
Mottled wood owl (Strix ocellata)

Brown fish owl (Ketupa zeylonensis)

Total

2
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use the calls of owls repeatedly in a cen-
sus point as this may affect the foraging
behaviour of the sciurid"*.

wide distribution in various topographic
scales’.

Three methods were employed for the
census, viz. (1) Quiet listening: after
reaching the census point, we kept quiet
for 10 min and then looked for the calls
and movement of squirrels. Interim spot-
light searches were made during this
period to record the presence of squirrels
in the census point; (2) Call playback: call
sequences of the predator’s calls were
played using stereo players and speakers
to elicit response from the squirrels, and
(3) Spotlight searches: after finishing the
call playback, 10 min was spent in the
immediate vicinity to search for the non-
responsive or approaching individuals
without calls. The observations were
recorded from the protected areas in
Kerala and Tamil Nadu.

Out of the 162 census points, Large
brown flying squirrels were encountered
in 62 (38%) census points across Tamil
Nadu and Kerala. And they responded to
the predator’s call only in 41 (66%) cen-
sus points (Table 1). Among these 41
census points, the flying squirrels were
sighted through call playback method in
21 (51%) of the sites. Thus in 21 (34%)
of the 62 sites from where Large brown
flying squirrels were encountered, we did
not receive any response from the squir-
rels, but recorded them using spotlight
search. The behaviour of Large brown
flying squirrels is reported to be affected
by the weather, which influences their
activity pattern due to thermal and
physiological variations'?.

Out of the 12 owl calls played, the
highest response was obtained for the
Barred jungle owlet Glaucidium radia-
tum calls (51%), especially for ‘kao-kuk’
with hooting call. Similar response was
also obtained for ‘kwaooo’ call of Col-
lared’s scops owl Otus bakkamoena, than

that of the common call ‘uuk’. Both the
species of owls were reported to occur in
most of the protected areas with a wide
range of altitudinal gradients in the south-
ern Western Ghats and there may be the
possibility of predation on juvenile squir-
rels. However, we have not observed any
direct interaction between this owl spe-
cies and the Large brown flying squirrel.
Few responses were also obtained for
calls of certain larger owls such as Forest
eagle owl, Brown fish owl and Mottled
wood owl (Table 1). This may be due to
the scattered distribution of these large
owls in the southern Western Ghats. Most
of the responses of the Large brown fly-
ing squirrel for these owl calls were
obtained from census points, where the
presence of the large owls was recorded
during the present survey. Responses
were not obtained for calls of juvenile
large owls (Forest eagle owl and Mottled
wood owl). No response was obtained to
calls of Spotted owlet and Barn owl,
since these do not occur in the forest areas.
Among the habitats studied, wet ever-
green forest, semi evergreen, riparian
and shola forests had low visibility due
to the high canopy density and thick
lianas, which lead to low detection rate
of the Large brown flying squirrel®. The
call playback method certainly enhances
the detection rate of the Large brown
flying squirrel in low visibility areas.
From this survey we conclude that the
use of predator’s calls, especially of larger
owls which predate on flying squirrels,
may increase the detection rate of flying
squirrels in transect or point surveys.
Call playback can be used along with the
already available methods like spotlight
searches. Barred jungle owlet or Forest
eagle owl calls are recommended for
censusing the Large brown flying squir-
rel populations. It is recommended not to

1. Fuller, M. R. and Mosher, J. A., In Raptor
Management Techniques Manual (eds
Giron Pendleton, B. A. er al.), National
Wildlife Federation, Washington DC,
1987, pp. 37-65.

2. Forsman, E. D., Meslow, E. C. and
Wight, H. M., Wildl. Monogr., 1984, 87,
1-64.

3. Mosher, J. A. and Fuller, M. R., Wildl
Soc. Bull., 1996, 24, 531-536.

4. Zuberogoitia, I. and Campos, L. F.,
Ardeola, 1998, 45, 47-53.

5. Watson, J. W., Hays, D. W. and Pierce,
D. 1., J. Wildl. Manage., 1999, 63, 98—
106.

6. Martinez, J. A. and Zuberogoitia, I.,
Ardeola, 2002, 49, 1-9.

7. Gibbs, J. P. and Melvin, M. S., J. Wildl
Manage., 1993, 57, 27-34.

8. Umapathy, G. and Kumar, A., Biol. Con-
serv., 2000, 92, 311-319.

9. Rajamani, N., Final technical report,
SACON, Coimbatore, 2001.

10. Kumara, H. N. and Singh, M., Mammalia,
2006, 70, 40-47.

11. Wintle, B. A., Kavanagh, R. P., McCarthy,
M. A. and Burgman, M. A., J. Wildl. Man-
age., 2005, 69, 905-917.

12. Rohner, C., Mamm. Biol., 1999, 71, 315—
318.

13. Rubsamen, K., Hume, 1. D., Foley, W. J.
and Rubsmen, U., J. Comp. Physiol., Bio-
chem., Syst. Environ. Physiol., 1984, 154,
105-111.

14. Baack, J. K. and Switzer, P. V., Ethology,
2000, 106, 1057-1066.

ACKNOWLEDGEMENTS. We thank the
Ministry of Environment and Forests, Gov-
ernment of India for financial support. We
also thank Dr R. Gnanaharan, Director, Kerala
Forest Research Institute, Peechi for provid-
ing the necessary facilities to conduct the sur-
vey.

Received 8 April 2008; revised accepted 5
February 2009

S. BABU
E. A. JAYSON*

Division of Forest Ecology and
Biodiversity Conservation,

Kerala Forest Research Institute,

Peechi 680 653, India

*For correspondence.

e-mail: jayson@kfri.org

CURRENT SCIENCE, VOL. 96, NO. 6, 25 MARCH 2009

773



