
RESEARCH NEWS 

Applications of ultra-cold 
atoms 

Several fundamental experiments can b e  
done with such ultra-cold atomic 
clouds. One can produce an atomic 
fountain of such a cloud by projecting i t  
upwards with a small velocity of a few 
c d s .  This can be done by making the 
two counter-propagating laser beams in 
the z direction slightly different in in- 
tensity. One can also produce a moving 
standing wave in the z direction by 
making the two counter-propagating 
waves along the z direction to have 
slightly different frequencies. The pro- 
jected cloud will reach a certain height 
and fall back in just the same way as a 
ball projected upwards under the action 
of gravity. 

Using such an atomic fountain of 
caesium in a Ramsey type interference 
experiment with microwave beam, it is  
possible to measure the clock frequency 
of Cs more precisely than with existing 
techniques. The precision of  the time 
standard can be improved' by  three or- 
ders of magnitude to one part in 
Using an atomic fountain of sodium and 
performing a Ramsey type experiment 
using optical beams, it has been shown" 
that the acceleration due to gravity 
could be measured to a precision of 
three parts in lo8. Rotational frequen- 
cies as small as 5 X radians/ 
second can be measured". 

It is possible to perform experiments 
to test the foundations of quantum me- 
chanics. One can verify to what accu- 
racy the magnitude of the charge on 
the electron and proton are equal. Phase 

changes introduced by fields on coher- 
ent atomic beams can also be measured. 

Using laser cooling as the first stage 
and evaporative cooling as the second 
stage, Bose-Einstein condensation was 
first observed12 in July 1995 in a cloud 
of two thousand 87Rb atoms cooled be- 
low 170 nano Kelvin. Since then the 
number of atoms in the condensate has 
been increased to more than a million 
atoms and the properties of a weakly 
interacting Bose Condensate of alkali 
atoms have been measured and com- 
pared with theory. In 1997 the coher- 
ence of the Bose condensate was 
dernon~trated'~ by producing interfer- 
ence between two condensates. The 
condensates were created in a double 
potential well and allowed to diffuse 
into each other by removing the confin- 
ing magnetic field and the blue detuned 
laser beam. It has also been possible to 
couple a fraction of the condensate out 
of the trap making the first atom laser14. 
Using lithography with such beams it 
will be possible to achieve information 
storage densities far in excess of what 
has been achieved so far. The possibili- 
ties for new applications seem endless. 

The phenomenon of laser cooling and 
trapping has reached the present level of 
maturity only through the seminal work 
of Steven Chu, Cohen-Tannoudji and 
W. D. Phillips. It is therefore appropri- 
ate that the Nobel Committee has cho- 
sen these three scientists for the award 
of the Nobel Prize for 1997. 
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COMMENTARY 

The population and conservation status of Asian elephants in 
the Periyar Tiger Reserve, Southern India 

Uma Ramakrishnan, J .  A. Santosh, Uma Ramakrishnan and R. Sukumar 

Populations of many animal species 
worldwide are threatened with loss of 
genetic variation due to substantial re- 
ductions in population size'. The ge- 
netically effective population size may 

also decrease due to another demo- 
graphic factor - a skewing of the ratio 
of reproducing males to females2. The 
more unequal the sex ratio, the lower 
the effective population Size. While the 

sex ratios of polygynous' mammals are 
naturally female-biased in most in- 
stances due to a variety of reasons, the . 

selective hunting of males would further 
exacerbate this situation. Among Asian 
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elephants (Elephas maximus), only the 
males possess tusks (there are also 
tuskless males) and thus are selectively 
targetted by poachers for their ivory3, 
resulting in very skewed sex ratios. 

While ivory poaching has been a 
problem in  most southern Indian popu- 
l a t i o n ~ ~ ,  several reports suggested that 
Periyar Tiger Reserve in Kerala is one 
of the worst affected4. We therefore 
initiated studies on the status, ecology 
and behaviour OF elephants in Periyar to 
address several conservation concerns. 
Among the  aspects we have studied are 
estimates of elephant popuhtion num- 
bers, population structure and demogra- 
phy, simulation modelling of tusk 
harvest by  poachers, and interrelation- 
ships of skewed sex ratio and changes in 
social behaviour. In this commentary we 
would like to summarize the present 
status of Periyar's elephants, the impact 
that ivory poaching has made on the 
population, and its demographic, ge- 
netic and conservation implications. 

Periyar Tiger Reserve (777 km2) in 
Kerala state is constituted around a lake, 
with a waterspread of 26 km2, created 
by a dam constructed across the Periyar 
river in 1895. The vegetation of the 
reserve consists of tropical wet ever- 
green and semi-evergreen forests, inter- 
spersed with moist deciduous forests 
and grasslands. Periyar was amongst the 
first Project Tiger Reserves declared in 
1973, and more recently designated as 
an Elephant Reserve (No. 10) under 
India's Project Elephant'. 

A rapid survey was carried out at 
Periyar during March-May 1994, when 
density estimates were made and data on 
population structure obtained. We con- 
tinued observation on the population 
structure and demography of elephants 
from June 1994 to June 1995 and during 
February-April 1997. A vegetation map 
of Periyar Tiger Research (PTR)6 
formed the basis of our survey and 
stratification of the reserve for the pur- 
pose of sampling. The density of ele- 
phants was estimated using the line 
transect, indirect count method de- 
scribed e l ~ e w h e r e ~ > ~ .  A total of 64 tran- 
sects was cut in different habitat types, 
and data analysed separately for each 
habitat type and also for areas around 
the lake (i.e. 0.5 km from the lake 
shore) and away from the lake. The 
daily defaecation rate of elephants was 
taken to be 16.3 (CV of 10%) based on 
data from wild elephants at Mudu- 
malai', while the daily dung decay rate 
of 0.013/day (CV of 10%) from calcu- 
lations at Parambikulam Sanctuary"' 
where the climate and vegetation are in 
part similar to Periyar. Dung and ele- 
phant densities estimates were calcu- 
lated for each habitat type using the 
programs TRANSECT", and GAJAHA 
which uses a Monte Carlo method de- 
scribed in detail elsewhere". Elephants 
were aged by field techniques for con- 
structing the population age structure3. 
Population structures were also obtained 
during another phase of field work dur- 
ing February-April 1997. 

The total number of elephants in the 
sanctuary was found to be 1166 (95% 
confidence limits of 641-21 15) during 
our 1994 survey. This is comparable to 
the estimates of 800 elephants (within 
high use areas alone) during 1978 
through indirect 935-1 100 
during 1987-89 by Chandran4 and dung 
densities in Thekkndy Range during the 
1993 census by Kerala Forest Research 
~ns t i tu te '~ .  

Using direct elephant sightings, the 
adult male to female ratio was found to 
be 1:101 in the present study. Of the 5 
adult males recorded, only two were 
tuskers and the rest were makhnas. IS is 
possible that we may have missed an- 
other tusker according to local reports. 
The time series data on population 
structure across the various studies 
during the period 1969-97 cIearly 
brings out a decline in the proportions 
of males in the population (Table 1). 
Concurrently, the numbers of males in 
the population would have also declined 
in the absence of any significant in- 
crease in the total population size. The 
population size is unlikely to have in- 
creased much, at least during the latter 
half of the above period (1969-97), 
because of a clear decline in recruitment 
into the population (discussed below). 

Some of the data from previous stud- 
ies such as Kurup" and Chandran4 can- 
not be directly compared with ours 
because the former do not clearly define 
the various categories (calf, juvenile, 
sub-adult and adult) either in terms of 

Table 1. Comparison of age structures and sex ratios of elephant populations in southern India 

Female (% population) Male (% population) 

Calf Juvenile Sub-adult Adult Calf Juvenile Sub-adult Adult 

Periyar 1969 1.2 
Periyar 1978-80** ?. 

Periyar 1994-95 2.1 
Periyar 1997 4.9 
Satyamangalam- 
Chamarajanagar 1981-83 3.6 
Mudumalai- 
Bandipur 1994 3.5 

Periyar 1981-82 7.2 
Periyar 1987-89 8.8* .. ............ 

............ 1 9. o* ............ 
? ? 

6.6+ 8.1 

10.2 25.1 
8.4 11.6 

.......... I a s  

51.5 
? 

56.7 
60.2 
51.9 
60.4 

. _  

............ 1 g*o* ............ 1.2 
? ? ? 

7.2 6.6+ 6.7 
8.8$ 3.3 

1.8 4.9 3.5 
4.9 5.6 3.7 

.......... ............ 

8.0 
3.1 
0.8 
0.5 
0.5 
0.5 

10.6 18.5 

10.8 14.5 

35.3 

37.2 

3.6 14.3 6.8 

3.5 15.7 10.8 

7.4 

4.0 

Note that classification into various age categories at Periyar during 1969 (ref. 15), 1978-80, 1981-82 (ref. 13) and 1987-89 (ref. 
4) are not directly comparable with the rest of the data (Ref. 3 and our observations). See text for details. 
*Combined data for juveniles and sub-adults. 
**Data on herd classification not available for Periyar during 1978-80. 
'Juveniles have not been sexed during 1981-82. Therefore equal numbers of males and females have been assumed. 
*Combined data for calves an6 juveniles. 
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age or actual sizes, while we have de- 
fined these as calf (<1 yr), juvenile (1- 
5 yr), sub-adult (5-15 yr) and adult 
(>15 yr) based on size criteria3. Even if 
the definitions of elephant categories 
are not directly comparable, the distinct 
decline in the juvenile, sub-adult and 
adult male categories can be seen over 
this time period. 

The ratio of adult male to female 
seems to have progressively skewed 
from about 1:B (1969) to 1:19 (1977- 
79) and then skewed substantially to 
1:71 (1980-82) reaching a peak o f  
1:122 (1987-89). It is important to re- 
member that skewing of the adult sex 
ratio will proceed at a geometric rate 
with the progressive death of one sex, 
and thus the death of one or a few adult 
males will skew the ratio substantially 
as their numbers reduce in the popula- 
tion. 

Interestingly, both the sub-adult and 
males categories seem to have reached 
very low frequencies even by 1987-89 
when Chandran4 studied this popula- 
tion, and have not changed much over 
the next five years. These data indicate 
that ivory poaching began during the 
1970s itself, with the adult male seg- 
ment being targetted and then moved 
down to the sub-adult category by the 
1980s. Severe poaching is indicated 
during the period prior to 1987 when 
even juvenile males have not been 
spared. Computer simulation modelling 
of elephant demography indicates that 
336-388 tuskers of various ages have 
been killed and 3256-3334 kg of tusks 
harvested by poachers over the period 
1974-94 (ref. 16). 

Another demographic effect of the 
high rates of poaching and extreme 
skew in adult sex ratios is a decline in 
the birth rate of the population. Our 
1994-95 data indicated that the average 
fecundity was only 0.075/adult fe- 
male/year as compared to between 0.20 
and 0.25 for the more productive popu- 
lations in southern India3. The most 
likely cause of the fecundity decline is 
an Allee effect17. With an extremely low 
number of adult males in the popula- 
tions, a substantial proportion of fe- 
males coming into estrus would not be 
detected and mated. Another possible 
reason for the low numbers of calves 
and juveniles seen at Periyar is that 
females may have stopped reproducing 
under conditions of extreme stress 

(poaching), or infant mortality may have 
been very high, as may have happened 
in an African elephant population at 
Ruaha, Tanzania". The decline in re- 
cruitment into the population is not 
because of inter-annual variations in 
births as seen elsewhere in the south3 
but a phenomenon which has persisted 
for several years as seen from the low 
numbers of juveniles in the 1994-95 
age structure, Our 1997 observations, 
however, showed an increase in births 
with a fecundity rate of O.l6/adult fe- 
male/yeas, still lower than the potential 
rate. It is possible that 1997 represents a 
gendine upswing in reproductive rates 
or that our limited sampling during 
three dry months represents only a sin- 
gle clan at Periyar. 

Another aspect of reproduction at 
Periyar that has been observed is the 
presence of several barren adult fe- 
males. Such female elephants show no 
sign of mammary gland activity and, 
further, have retracted nipples indicat- 
ing that they have not reproduced or 
may be incapable of reproducing. This 
has also been noted by another experi- 
enced elephant observer (D. K. Lahiri- 
Choudhury, pers. commun.). It is pos- 
sible that an alteration of reproductive 
physiology in female elephants is re- 
lated to the near absence of adult males 
in the population over an extended pe- 
riod of time. This aspect requires further 
study, possibly through monitoring me- 
tabolites of reproductive hormones in 
faeces lL). 

The present situation of the elephant 
population at Periyar clearly calls for 
further research and active management. 
The elephant population here can pos- 
sibly withstand the drastic reduction in 
the genetically effective population size 
(Ne),  because this reduction has oc- 
curred over a single elephant generation 
(about 20 years). In theory, a one gen- 
eration reduction of N,  to 20+ still re- 
tains about 98% of the original (prior to 
the poaching spate) heterozygosi ty , 
assuming random sampling of indi- 
viduals. Allelic diversity could, how- 
ever, be expected to suffer greater 
decline, with rare alleles having a high 
probability of being lost during a popu- 
lation bottleneck2". Obviously the 
poaching of male elephants has been 
selective, at least in the initial years, 
and thus the genetic erosion could have 
been more serious2'. 

~- 

Management options for Periyar 
would include the translocation of adult 
male elephants from other populations 
with surpluses, in order to increase the 
genetically effective population size to 
50 or above. This could be achieved by 
increasing the number of adult males 
from the present 6 to 13 individuals, 
Apart from increasing N,, this would 
also serve to stimulate the birth rate of 
the population. Several questions would 
arise about such a proposed transloca- 
tion. First of all, there is the question of 
protection of translocated bulls from 
poachers. From this angle, it may be 
better to translocate tuskless bulls 
(makhnas) into Periyar, given that ivory 
poaching is likely to be a continuing 
problem22. If breeding makhnas are 
translocated, the frequency of alleles for 
tusklessness would increase. Available 
data on captive elephant breeding (RS, 
unpublished) indicate that females are 
also carriers of the genes for tusks, 
Among sons born to females mated by a 
makhna, a certain proportion would thus 
still be tuskers (heterozygous genotype). 
It may thus be prudent 'to translocate 
makhnas or a mixture of makhnas and 
tuskers until protection from poachers is 
ensured. 

The next aspect to be considered is 
that of the genetic consequences of in- 
troducing males from a population (such 
as Assam, where surplus makhnas are 
most likely to be available) which has 
been isolated from Periyar for a long 
period of time. Related to this is the 
health (parasite and disease) status of 
translocated bulls. Could elephants in 
Periyar have evolved resistance to cer- 
tain local parasites against which eIe- 
phants from another population may not 
have resistance? Could the translocation 
of such bulls disrupt locally-adapted 
gene complexes at Periyar? This calls 
for basic studies on patterns of genetic 
variation and levels of divergence 
among the elephant populations at Peri- 
yar and elsewhere. Concurrently, there 
have to be studies on the parasite and 
health status of elephants in these 
populations, If bulls are translocated 
into Periyar, i t  would be advisable to do 
this in stages after careful monitoring of 
these bulls through radio-telemetry to 
study breeding and possible conflict 
with people. I t  is time that such an ele- 
phant management programme is initi- 
ated at Periyar. The current status of 

112 CURRENT SCIENCE, VOL. 74, NO. 2,25 JANUARY 1998 



COMMENTARY 

this important elephant population war- 
rants immediate management action. 

1. Advise, J .  C. and Hamrick, J. L., Con- 
s e rva t ion Gene tics: Case His t o ries ~ ~ O I I Z  

Nature, Chapman and Hall, New York, 
1996. 

2. Harris, R.  B. and Allendorf, F. W., Con- 
serv. B i d . ,  1989, 3, 181-191. 

3. Sukumar, R., The Asian Eleplzant: 
Ecology and Management, Cambridge 
University Press, New York, 1989. 

4. Chandran, P. M.,  Proceedings of the 
Elephant Symposium, Kerala Forest 
Department, Trivandrum, 1990, pp. 51- 
56 .  

5. Anonymous, Project Eleplzant 
(Gnjatme), Ministry of Environment 
and Forest, Govt. of India, 1993, p. 46. 

6. Chandrasekharan, C., Vegetation Map 
of Kerala, Forest Department, Trivan- 
drum, 1973. 

7. Barnes, R. F. W. and Jensen, K. L., 
IUCN Africcin Eleplzant and Rhino 
SIiecialist Group Tech. Bull. ,  1987. 

8. Varman, K. S., Ramakrishnan, U. and 
Sukumar, R., in A Week with Elepltants 
(eds Daniel, J .  C.  and Datye, H.), Bom- 
bay Natural Mistory Society, Bombay 
and Oxford University Press, New 
Delhi, 1995, pp. 3 3  1-339. 

9. Watve, M. G., Ph D. thesis, Indian Insti- 
tute of Science, Bangalore, 1992. 

10. Dawson, S., M S c  thesis, Department of 
Zoology, University of Oxford, 1990. 

11.  White, G. C., Program TRANSECT- 
Line transect Data Anulysing Progranz, 
Colorado State University, Fort Collins, 
1987. 

12. Santosh, J. A. and Sukumar, R., in A 
Week with Elephants (eds Daniel, J. C. 
and Datye, H.), Bombay Natural History 
Society, Bombay and Oxford University 
Press, New Delhi, 1995, pp. 394-404. 

13. Nair, P. V., Ramachandran, K. K., 
Vijayan, V. S., Easa, P. S .  and 
Balakrishnan, P. V., Kerala Forest Re- 
search Institute Report-24, Peechi, Ker- 
a h ,  1985, p, 159. 

14. Anonymous, Wildlife Census - Kerala 
1993, A Report, Kerala Forest Research 
Institute, Peechi, Trichur, 1993, p. 129. 

15. Kurup, G. U., Cheetul, 1971, 13, 5-18. 
16. Sukumar, R., Ramakrishnan, U. and 

17. Dennis, B., Natural Resource Modeling, 

1 8 .  Barnes, R. F. W. and Kapela, E. B., A,fr. 

19. Lasley, B. L. and Kirkpatrick, J .  F., 
J .  Zoo Aninz. Wildlife Med., 1991, 22, 

Santosh, J. A., Ms in review. 

1989 ,3 ,48  1-538. 

J .  Eco~., 1991, 29, 289-294. 

23-3 1. 

20. Franklin, I. R., in Conservation Biol- 
ogy: An Evoliitionary-Ecological Per- 
spective (eds. SoulB, M. E. and Wilcox, 
B .  A.), Sinauer Associates, Sunderland, 
Massachusetts, 1980, pp. 135-149. 

21. Watve, M. G. and Sukumar, R., Curr. 
Sci., 1997, 72, 885-888. 

22. Menon, V., Sukumar, R. and Kumnr, A 
God in Distress: Threats of Poaching 
and the Ivory Trade to the Asian Ele- 
phant in India, Asian Elephant Conser- 
vation Centre, Bangalore and Wildlife 
Protection Society of India, New Delhi, 
1997, p. 91. 

ACKNOWLEDGEMENTS. We thank the 
Forest Department of Kerala for facilities 
and research permissions. This study was 
funded by the Ministry of  Environment and 
Forests, Government of India. The prelimi- 
nary survey was funded by the Calgary 
Zoological Society and Wildlife Preservation 
Trust International through the IUCN/SSC 
Asian Elephant Specialist Group. 

The authors are f rom the Asinrz Ele- 
phant Conservation Centre am! Centre 
for  Ecological Sciertces, Iizcliarz Iizstitute 
of Science, Bangalore 560 012, Iadia. 

~ 

SCIENTIFIC CORRESPONDENCE 

Typical liptinitic bodies from Neyveli lignite deposits, India 

Coal and lignite, the sedimentary or- 
ganic dcposiis consist of various micro- 
constituents called ‘ maceral s ’ 
(= ‘minerals’ i n  inorganic rocks) which 
o ri gi na t e ‘ coali fi c a t i on ’ 
process, that is transformation of vege- 
tal matter into coal’i2. Different maceral 
groups are vjtrinite - originated from 
woody plant remains, liptinite - derived 
from hydrogen-rich plant parts (pollen- 
spores, cuticles, resins, suberin, etc.), 
and inertinite - incorporating the car- 
bon-rich oxidized plant remains, show 
different behaviour under normal and 
fluorescence modes’. Relatively hydro- 
gen-rich €iptinite macerals fluoresce 
under fluorescence mode with wide 
range of colours. Based on morphologi- 
cal and optical properties, it is possible 
to correlate various macerals to their 
original plant parts and to reconstruct 
the palaeoflora”2. 

du ri ng t 11 e 

Besides traditional macerals, typical yellow and brownish-yellow colours 
have been found during the  investiga- multicellular bodies emitting the light of 

Figure 1. Location map of Neyveli Lignite field and investigated bore-holes NLE-27, 35 and 
36 i n  Mine 111. (Source: Neyveli Lignite Corporation Limited). 
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