
RESEARCH COMMUNICATIONS 
 

CURRENT SCIENCE, VOL. 110, NO. 8, 25 APRIL 2016 1559 

*For correspondence. (e-mail: riyaz@wti.org.in) 

4 (eds Rao, A. T., Divi, S. R. and Yoshida, M.), Field Sciences 
Publisher, 1998, pp. 1–18. 

38. Mallikharjuna Rao, M., Divakara Rao, V. and Murthy, N. N., 
Charnockite from EGMB – geochemistry, protoliths character and 
tectonic relevance. In Gondwana Research Group Mem. 5, 1999, 
pp. 31–50. 

39. Murthy, N. N. and Divakara Rao, V., Geochemistry, provenance 
and depositional environment of the khondalites from the Eastern 
Ghats Mobile Belt. In Eastern Ghats Granulites (eds Rao, A. T., 
Divakara Rao, V. and Yoshida, M.), Mem. 5, Field Sciences Pub-
lisher, 1999, pp. 15–30. 

40. Murthy, M. S., Occurrence of monazite in the charnockite of  
Visakhapatnam. Curr. Sci., 1958, 27, 347–348. 

41. Narayana, B. L., Rama Rao, P., Reddy, G. L. N. and Divakara 
Rao, V., Geochemistry and origin of megacrystic charnockites and 
granites from Eastern Ghat Granulite Belt. In Proceedings of the 
Symposium on India and Antarctica during the Precambrian and 
Granulite and Crustal Processes in East Gondwana, Andhra Uni-
versity, Visakhaptanam, 1–3 December 1995, p. 36. 

42. Simmat, R. and Raith, M. M., U–Th–Pb monazite geochronometry 
of the Eastern Ghats belt, India: timing and spatial disposition of 
poly-metamorphism. Precambrian Res., 2008, 162, 16–39.  

43. Rao, A. T., Fonarev, V. I., Konilov, A. N. and Romanenko, M., 
Electron microprobe dating monazite from Spinel Granulite in the 
Eastern Ghats belt, India. J. Geol. Soc. India, 1998, 52, 345–350. 

44. Rao, A. T., Rao, J. U. and Yoshida, M., Geochemistry and tectonic 
evolution of the pyroxene granulites from Visakhapatnam area in 
the Eastern Ghats Granulite Belt, India. J. Geosci., Osaka City 
Univ., 1993, 36, 135–150. 

45. Kamineni, D. C. and Rao, A. T., Sapphirine-granulites from the 
Kakanuru area, Eastern Ghats, India. Am. Mineral., 1988, 73, 692–
700. 

46. Kamineni, D. C., Rao, A. T. and Bonardi, M., The geochemistry 
of monazite types from the Eastern Ghats Granulite terrain, India. 
Mineral. Petrol., 1991, 45, 119–130. 

47. Sreenivasa Rao, P., Satyanarayana, G. and Swamy, A. S. R., 
Heavy minerals of modern and relict sediments of the Nizampat-
nam bay, East Coast of India. Indian J. Mar. Sci., 1995, 24, 166–
170. 

48. Ali, M. A., Krishnan, S. and Banerjee, D. C., Beach and inland 
heavy mineral sand investigations and deposits in India – an over-
view. Explor. Res. At. Miner., 2001, 13, 1–21. 

49. Leelanandam, C., The anorthosite complexes and Proterozoic  
Mobile Belt of Peninsular India: a review. Dev. Precambrian 
Geol., 1990, 8, 409–436. 

50. Pant, N. C., Kundu, A., Joshi, S., Dey, A., Bhandari, A. and Joshi, 
A., Chemical dating of monazite – testing of an analytical protocol 
against independently dated standards. Indian J. Geosci., 2009, 63, 
311–318. 

51. Bhandari, A., Pant, N. C. and Bhowmik, S. K., ~1.6 Ga ultrahigh 
temperature granulite metamorphism in the Central Indian  
tectonic zone: insights from metamorphic reaction history, geo-
thermo barometry and monazite chemical ages. Geol. J., 2011, 46, 
198–216. 

52. Bhowmik, S. K., Wilde, S. A., Bhandari, A. and Sarabadhikari, A. 
B., Zoned monazite and zircon as monitors for the thermal history 
of granulite terranes: an example from the Central Indian tectonic 
zone. J. Petrol., 2014, 55(3), 585–621. 

53. Bowie, S. H. U. and Horne, J. E. T., Cheralite, a new mineral of 
the monazite group. Mineral. Mag., 1953, 30, 93–99. 

54. Taylor, S. R. and McLennan, S. M., The Continental Crust: Its 
Composition and Evolution, Blackwell, Oxford, 1985, p. 318. 

55. Felsche, J., Yttrium and lanthanides. In Hand Book of Geochemis-
try (ed. Wedephol, K. H.), Springer-Verlag, 1976, vol. II, p. 42. 

56. Henderson, P. and Pankhrust, R. J., Developments in Geochemi-
stry, Rare Earth Element Geochemistry, Elsevier, Amsterdam, 
1984, p. 510. 

57. Murata, K. J., Dutra, C. V., Da Costa, M. T. and Branco, J. J. R., 
Composition of monazite from pegmatites of eastern Minas Ge-
rais, Brazil. Geochim. Cosmochim. Acta, 1959, 16, 1–14. 

58. Deer, W. A., Howie, R. A. and Zussman, J., In Rock Forming 
Minerals, Longman, London, 1975, vol. 5, pp. 339–346. 

59. Mason, B. and Moore, C. B., Principles of Geochemistry, John 
Wiley, Canada, 1985, 4th edn, pp. 1–344. 

60. Zhu, X. K. and O’Nions, R. K., Monazite chemical composition: 
some implications for monazite geochronology. Contrib. Mineral. 
Petrol., 1999, 137, 351–363.  

61. Rickers, K., Mezger, K. and Raith, M. M., Evolution of continen-
tal crust in the Proterozoic Eastern Ghats Belt, India and new  
constraints for Rodinia reconstruction: implication from Sm–Nd, 
Rb–Sr and Pb–Pb isotopes. Precambrian Res., 2001, 112, 183–
212.  

62. Yoshida, M., Funaki, M. and Vitange, P. N., Juxtaposition of  
India–Sri Lanka–Antarctica in Proteorozoic and Gondwana. In 
Study of Geological Correlation Between Sri Lanka and Antarc-
tica (eds Hirod, Y. and Motoyoshi, Y.), 1990, pp. 118–131. 

 
 
ACKNOWLEDGEMENTS. We thank the authorities of Department 
of Geology, Andhra University, Visakhapatnam, and Geological Sur-
vey of India, Hyderabad for providing lab facilities (CAMECA SX‐100 
Electron Probe Micro Analyzer) to carry out geochemical analysis, and 
CSIR, New Delhi for financial assistance to K.B.N. in the form of SRF. 
 
 
Received 5 September 2015; revised accepted 29 December 2015 
 
 
doi: 10.18520/cs/v110/i8/1550-1559 

 
 
 
 
Forage and security trade-offs by  
markhor Capra falconeri mothers 
 
Riyaz Ahmad1,2,*, Charudutt Mishra1,3,  
Navinder J. Singh4, Rahul Kaul2 and  
Yash Veer Bhatnagar1,3 
1Nature Conservation Foundation, Mysore 3076/5, IV Cross,  
Gokulam Park, Mysore 570 002, India 
2Wildlife Trust of India, Noida 201 301, India 
3Snow Leopard Trust, Seattle, USA 
4Department of Wildlife, Fish and Environmental Studies,  
Swedish University of Agricultural Sciences, Umeå 90183, Sweden 
 
Food acquisition and security from predators are 
primary determinants of habitat use in ungulates. 
There is usually a trade-off in the response of animals 
to these two factors, influenced by the individual’s re-
productive state. Females with vulnerable offspring, 
after parturition, are expected to compromise food 
acquisition for security. In temperate species such as 
the markhor Capra falconeri, however, the females 
give birth at a time when nutritious forage begins to 
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become available after the long lean period of winter. 
The need to access quality forage in spring should, 
therefore, be significant even for new mothers, mak-
ing the issue of female habitat choice particularly in-
teresting and important to understand. We assessed 
habitat use patterns of the Pirpanjal markhor during 
the winter and parturition periods, to examine the  
response of markhor females to contrasting pressures 
of forage acquisition and neonate security. Markhor 
were observed during morning and evening hours 
along trails and vantage points in the Limber Wildlife 
Sanctuary, western Himalaya, India. Vegetation  
abundance and quality were assessed. Principal Com-
ponents Analyses revealed that during winter, as  
expected, access to forage was the primary factor  
influencing habitat choice by female markhor. Follow-
ing parturition, however, despite the low availability 
of quality forage throughout the preceding winter, 
markhor mothers predominantly used secure areas 
with steep slopes closer to cliffs, even though they 
were poorer in forage availability. Our results under-
score the importance of neonate security in determin-
ing habitat use of markhor and the causes of low 
productivity of this population. 
 
Keywords: Forage, habitat use, Kashmir, Markhor, 
mountain ungulates, parturition, security, trade-off. 
 
MOST ungulate species have coevolved with their preda-
tors1. The pressures of food acquisition and security from 
predators are often opposing, and the resultant trade-offs 
in ungulate habitat use have been well documented2–8. 
Many studies have shown that predation in ungulates  
determines their habitat use2,9. Predation by wolf, for  
example, has been reported to play an important role in 
the habitat selection by elk Cervus elaphus, which forces 
them to reduce use of preferred habitats due to higher 
predation risks4,10. Ungulates, therefore, may use habitats 
that are safe from predators even if the forage quality 
or/and quantity is low. Such trade-off, however, may vary 
with the individual’s reproductive state and across age 
and sex. 
 Female ungulates are especially constrained by the 
physiological and forage demands of reproduction11 on 
the one hand and vulnerability of young on the other2,3,8. 
This may compel females to trade-off between these two 
important constraints. Bighorn Ovis canadensis ewes are 
reported to select lambing sites with high security and 
low forage availability5. This trade-off between forage 
and predation risk has been reported in many other ungu-
lates12 and is also considered one of the major causes for 
sexual segregation12. 
 Temperate environments are characterized by temporal 
variability in the availability and quality of resources13. 
In summer, resources are abundant but in winter, they are 
very limited13. Seasonal changes in habitat use are thus 
expected with changes in resource availability and qual-
ity. Being the lean season, forage availability during win-

ter also depends on snow cover and snow depth14. Winter 
is the period when the offspring are relatively large, often 
having been born the previous spring, and the females are 
often in gestation with relatively greater energy demands15. 
The dynamics of habitat choice by females in winter and 
subsequent parturition is, therefore, particularly interest-
ing. While in winter, females are expected to maximize 
intake of limited forage, their habitat use following partu-
rition, is likely to be determined by the balance of the 
contrasting need to maximize neonate security with that 
of acquiring much needed forage. We studied how females 
in seasonal temperate ungulates respond to this conun-
drum by studying habitat use in the markhor Capra fal-
coneri during two contrasting periods: parturition, when 
forage is abundant but females have vulnerable offspring, 
and winter, when forage is limited but their offspring are 
weaned. 
 The study was carried out in the Limber Wildlife Sanc-
tuary in Kajinag Range, western Himalayas, Baramulla 
district of Jammu and Kashmir, India (Figure 1) during 
the years 2006–2007. The sanctuary covering c. 
40 sq. km is mountainous, encompassing an altitudinal 
gradient of c. 2000–3900 m interspersed by cliffs and 
rocky outcrops. It is a temperate system, with cold win-
ters and warm summers, with a temperature range of –10 
to +30C. Precipitation is mainly in the form of snow in 
winter and rains in March with occasional showers during 
summer. Four distinct seasons can be classified during a 
year: winter (December to February) with very low tem-
peratures and snow covering most of the area, spring 
(March to May) when temperatures begin to rise and 
sprout appears at lower elevations, summer (June to  
August) when temperatures rise further and the area con-
tains abundant forage and receives some monsoon show-
ers. During autumn (September to November) senescence 
sets in plants. Late spring (May end) and early summer 
(first half of June) are the parturition period of markhor16. 
 Vegetation is dominated by coniferous forests of kail-
Pinus wallichiana, fir Abies pindrow, spruce Picea smi-
thiana, and deodar Cedrus deodara. Birch Betula utilis 
forests occur near the tree line in combination with fir 
and kail, whereas the other broad leaf forests are mainly 
confined to areas along nullahs (hill streams). The sub-
alpine area is dominated by juniper scrub Juniperus squ-
amata. 
 Markhor is a medium sized, sexually dimorphic moun-
tain ungulate. It exhibits sexual segregation, which is 
very prominent during summer16 (parturition and lacta-
tion period). Parturition occurs in late spring and early 
summer (mid-May to mid-June) when forage availability 
starts increasing after a lean winter. The potential preda-
tors of markhor are common leopard Panthera pardus, 
yellow-throated martin Martes flavigula and golden eagle 
Aquila chrysaetos. Sightings and indirect evidences such 
as pug marks, scrapes, scats, etc. of these predators have 
been recorded in our study area. Other wild ungulates in
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Figure 1. Map of the study area in the Limber Wildlife Sanctuary, Kajinag, Kashmir, India. 
 
 
the area include Kashmir musk deer Moschus leucogaster 
and goral Nemorhaedus goral. 
 About 7000 sheep and goats belonging to migratory 
Bakkarwals and local Chopans use the study area be-
tween June and September17. Livestock is an important 
source of income for the local people and the primary 
source of income for Bakkarwals. 
 We collected data on habitat selection by female mark-
hor for parturition (and lactation) (May 2006–August 
2006) and winter (December 2006–January 2007)  
periods. Observations were made on markhor groups with 
the aid of 8  40 binoculars and 15–45x spotting scopes 
along predetermined trails (n = 12) and vantage points 
(n = 6) selected to extensively cover the study site. The 
observations along trails were made for c. 3 h during  
early mornings and evenings and for c. 40 min at each 
vantage point. These observations were repeated three 
times each during the winter and parturition periods. All 
the sightings were marked on 1 : 50,000 topographic 
maps with elevation contour interval of 40 m. The time 
and date of all the sightings and age-sex of the groups 
were also recorded along with the following variables: 
vegetation type (open conifer, moderate conifer, dense 
conifer, broad leaf, riparian scrub, sub-alpine scrub,  
alpine meadows), vegetation cover (ground cover, shrub 
cover), slope, aspect, altitude, shortest (straight line) dis-
tance from escape terrain (cliffs). The vegetation variables 
(type and cover), snow cover and distance from escape 
terrain were visually estimated. Topographic variables,  
altitude, aspect were recorded through global positioning 

systems (GPS, Garmin Inc.). The topographic variable, 
aspect was classified into north (N, NW), south (S, SE), 
east (E, NE) and west (W, SW) for analysis. 
 Capra uses cliff and steep slopes to escape predators7. 
We used proximity to cliffs and the steepness of slope as 
measures of security. For forage availability, we quanti-
fied ground cover (grass and herbs) and shrub cover 
through line intercept and point intercept sampling  
respectively, on and around cliffs (20 plots) and 50–
300 m away from cliffs (23 plots). For each plot the 
slope, terrain type, altitude and aspect were also recorded. 
At each plot, five 10 m lines were placed parallel to each 
other, 2.5 m apart. For point intercept sampling, we re-
corded the item on the ground at 30 cm intervals yielding 
33 points on each line and 165 points for each plot. In  
total we had 3300 points close to cliffs and 3795 points in 
areas away from cliffs. For line intercept sampling,  
we measured the length of the line touched by each  
shrub on the first, third and fifth line. Palatability of the 
recorded plants was ascertained from the direct observa-
tion and feeding signs of markhor, domestic sheep and 
goats and also the traditional knowledge of palatability 
obtained through interviews of 20 key informants, largely 
herders. 
 We performed Principal Component Analysis (PCA)  
of habitat use data to identify the significant variables 
that correlated best with the observed locations of female 
markhor. PCA identifies groups of interrelated variables 
and generates the principal components. The first  
component captures the highest amount of variation and 
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successive components extract the maximum residual 
variation. Distance to cliff (m), slope (), tree cover (%), 
shrub cover (%), ground cover (%), snow cover (%) were 
used in PCA. 
 We observed 143 female markhor groups which  
included 49 in winter and 94 during parturition. The first 
three components of PCA explained 66% of variation in 
the data. Component 1 reflected a security axis, with dis-
tance to cliff, elevation and snow cover being the impor-
tant variables loaded on X-axis (Table 1). Components 2 
and 3 reflect forage availability, with shrub, ground and 
tree cover being the important variables loaded on Y-axis. 
 Perusal of the PC scores (Figure 2) showed that mark-
hor females used a gradient of elevation, tree cover and 
shrub cover categories during both periods, but were 
clearly confined to areas offering greater security (steeper 
areas closer to escape terrain) during the parturition pe-
riod. In winter, female markhor appeared to use a variety 
of habitats along both axes, including areas farther away 
from the cliffs, on gradual slopes and with higher shrub 
and ground cover. Habitat use during parturition appeared 
to be associated with security whereas winter habitat use 
seemed to be more associated with forage availability 
(high shrub and ground cover) as revealed by the PC 
scores along the two axes. 
 As distance to cliff, elevation, slope and vegetation 
cover were revealed to be important factors governing 
seasonal use by markhor (Figure 2), we studied their in-
dividual contributions (Table 2). Most of the sightings 
were very close to cliffs (0–30 m; 93.6%) and merely 1% 
was farther than 60 m during parturition. In winter, the 
use of areas farther than 60 m from cliffs increased to 
36% (Table 2). Majority of the sightings (77%) of mark-
hor were in rugged terrain (cliffs, interspersed rocky 
slopes and broken) during parturition while, in winter, it 
came down to half (53%). During parturition 90% of 
sightings were on the steeper slopes (>40), whereas in 
winter this reduced to 33%, and the use of more gentle 
slopes (<40 degrees) increased to 67%. This indicates the 
importance of security during summer when females give 
 
 
Table 1. Principal component analysis of the variables describing 
Markhor locations in Limber wildlife sanctuary (WLS), Kashmir, India. 
The table shows the varimax rotated factor scores of the first three 
Principal Components Axes. Distance to escape terrain which relates to 
the security, is loaded on the first component whereas the shrub and 
ground cover designating the forage cover is loaded as 2nd and 3rd  
 components respectively 

Variable PC1 PC2 PC3 
 

Distance to escape terrain 0.868 0.058 0.109 
Elevation  0.643 0.523 0.078 
Snow cover (Sqrt) 0.626 –0.042 –0.509 
Slope –0.509 0.517 0.154 
Tree cover (Sqrt) 0.084 0.744 0.098 
Ground cover (Sqrt)  0.055 0.003 0.905 
Shrub cover (Sqrt) –0.046 –0.657 0.402 

birth and are lactating. Female markhor primarily used 
the mid-elevations (2700–3000 m) during both parturition 
(78%) and winter (46%), but the use of the lowest eleva-
tions (<2700 m) increased during winter (from 21% in 
birthing to 38% in winter). In summer the higher eleva-
tions (>3000 m) were not used at all, but their use in win-
ter constituted 14%. Most of these differences were 
statistically significant (Table 2). Areas away from cliffs 
had higher ground cover (58.1%) than areas on and close 
to cliffs (41.9%). Similarly, the cover of palatable species 
was higher (78.4%) in areas farther from cliffs than in  
areas closer to cliffs (61.2%; t = –4.279; P < 0.001) but 
the difference in unpalatable cover was not significant 
(t = –1.506; P < 0.140). Barren cover (rock and soil) was 
much higher in areas which are on and close to cliffs. 
 Our observations on female markhor indicate that habi-
tat use was predominantly associated with security during 
parturition period, despite the fact that parturition follows 
a long winter of lean resource availability. On the other 
hand, during winter, their habitat use, expectedly, was de-
termined by forage availability. The parturition sites of 
markhor are in cliffs, interspersed with trees and caves 
providing cover for young ones from predators, inclement 
weather and disturbance from livestock herders. However, 
we found that the palatable forage availability/abundance 
was significantly lower in these markhor parturition sites 
 
 

 
 

Figure 2. Ordination of female markhor habitat use during parturition 
and winter. PC1 represents a ‘security’ axis with increasing distance to 
escape terrain (DtEt), elevation (Elev) and snow cover (snow), while 
the PC2 represents a forage axis with declining shrub cover (SC) and 
increasing tree cover (TC). The female markhor strictly used areas very 
close to cliffs during parturition, whereas in winter, they also used  
areas away from cliffs. See table 1 for PC scores or variables. 
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(on and around cliffs) than in areas away from cliffs.  
Safer areas often have less forage availability (abundance 
and/or quality) compared to risky ones18,19 compelling the 
female parturient ungulates to compromise on forage  
abundance and/or quality for the security of their 
young20. Female alpine ibex Capra ibex provide evidence 
for such trade-offs, using grasslands with newly emergent 
vegetation in gentle slopes during pre-parturition and  
habitats with steep escape terrain during parturition to  
increase offspring security7. 
 In winter markhor females selected areas away from 
cliffs with relatively greater forage availability. Since the 
offspring are larger and weaned during this period, and 
the forage availability (quality and quantity) is generally 
low, forage availability becomes the primary determinant 
of habitat use. As a result, markhor females tend to move 
wider for exploiting areas with forage even if they are 
less secure, hence compromising on safety for forage  
acquisition. 
 Interestingly, our results show that female markhors 
did not use the elevation zone above 3000 m during  
parturition and lactation period (summer), despite our  
 
 
Table 2. Proportionate use of the important habitat and vegetation 
variables by markhor females during the two periods of parturition  
 (May–August) and winter (December–January) Limber WLS 

 Parturition (%) Winter (%) 
Variables N = 94 N = 49  2 P value 
 

Distance to ET* (m)   46.21 0.0001 
0–30 93.6 52.9   
30–60 5.4 10.2   
>60 1.1 36.6   
Elevation (m)    43.315 0.0001 
2400–2700 21.2 38.6   
2701–3000 78.8 46.4   
3000–3300 0 14.1   
Slope (deg)    84.775 0.0001 
20–40 9.6 67.2   
40–60 46.8 30.5   
>60 43.6 2.0   
Tree cover (%)   12.872 0.005 
0 25.3 50.8   
1–30 54.8 29.3   
31–60 18 16.9   
>60 2.1 3.0   
Shrub cover (%)   4.295 0.0116 
0–20 74.4 85.7   
20–40 20.2 10.2   
40–60 5.4 4.0   
Ground cover (%)   26.276 0.0001 
0–40 17.1 32.5   
41–80 52.1 63.2   
>80 30.8 4.1   
Snow cover (% )   36.2 0.0001 
0 100 69.2   
1–30 0 15.3   
31–60 0 12.3   
>60 0 3 

*ET, Escape terrain. 

expectations to the contrary. During parturition and lacta-
tion period, the higher elevation zones have younger and 
more nutritious forage, and we had expected the females 
to use them disproportionately after a prolonged preced-
ing period of lean forage access. It appears that the pres-
ence of livestock in higher altitudes during the post-
parturition period prevented markhor females from using 
higher elevations. This is reinforced by our observation 
that 14% of our markhor sightings were in this zone dur-
ing winter when there is no livestock in the study area. 
The use of sub-optimal habitats by wild ungulates in 
presence of livestock has been reported from other  
studies also21,22. It therefore appears that while winter is 
the period of lean forage availability, female markhor are 
prevented from accessing areas with nutritious forage 
even post-winter. This is likely to affect their reproduc-
tive performance as forage limitation imposed by high 
level of livestock grazing has been reported to negatively 
affect the population performance of mountain ungu-
lates23. Indeed, we have recorded a relatively low ratio of 
kids to adult female markhor (60 : 100) during repeated 
population surveys in our study area, compared to the 
102 : 100 kids to adult female ratio of markhor population 
in Pakistan24. Our study suggests that protection of key 
parturition sites from livestock grazing and other distur-
bance, and livestock grazing management of markhor  
habitat especially at higher elevations during summer 
months will be key to increasing the productivity of this 
endangered population. 
 Markhor females are trying to prioritize the habitat use 
to increase their reproductive success by using secure  
areas during parturition and compromising on forage. 
They do the opposite during winter. But the presence of 
livestock during the parturition and lactation period does 
have negative impact. The parturition sites and summer 
habitats of female markhor should be released from live-
stock grazing at least during these periods to increase the 
productivity of this markhor population. 
 
 

1. Geist, V., On the relationship of social evolution and ecology in 
ungulates. Am. Zool., 1974, 14, 205–220. 

2. Berger, J., Pregnancy incentives and predation constraints in habi-
tat shifts: experimental and field evidence for wild bighorn sheep. 
Anim. Behav., 1991, 41, 66–77. 

3. Bleich, V. C., Bowyer, R. T. and Wehausen, J. W., Sexual segre-
gation in mountain sheep: resources or predation? Wildl. Monogr., 
1997, 134, 1–50. 

4. Creel, S., Winnie, J., Maxwell, B., Hamlin, K. and Creel, M., Elk 
alter habitat selection as an anti-predator response to wolves. 
Ecology, 2008, 86, 3387–3397. 

5. Festa-Bianchet, M., Seasonal range selection in bighorn sheep: 
conflicts between forage quality, forage quantity, and predator 
avoidance. Oecologia, 1988, 75, 580–586. 

6. Pierce, B. M., Bowyer, R. T. and Bleich, V. C., Habitat selection 
by mule deer: forage benefits or risk of predation? J. Wildl. Man-
age., 2004, 68, 533–541. 

7. Villaret, J. C., Bon, R. and Rivet, A., Sexual segregation of habitat 
by the alpine ibex in the French Alps. J. Mammal., 1997, 78, 
1273–1281. 



RESEARCH COMMUNICATIONS 
 

CURRENT SCIENCE, VOL. 110, NO. 8, 25 APRIL 2016 1564 

*For correspondence. (e-mail: subramanian@iari.res.in) 

8. Walker A. B. D., Parker, L. K., Gillingham, M. P., Gustine, D. D. 
and Lay, R. J., Habitat selection by female stone’s sheep in rela-
tion to vegetation, topography, and risk of predation. Ecoscience, 
2007, 14, 55–70. 

9. Bleich, V. C., Mountain sheep and coyotes: patterns of predator 
evasion in a mountain ungulate. J. Mammal., 1999, 80, 283–289. 

10. Mao, J. S., Boyce, M. S., Smith, D. W. and Singer, F. J., Habitat 
selection by elk before and after wolf reintroduction in Yellow-
stone National Park. J. Wildl. Manage., 2005, 69, 1691–1707. 

11. White, R. G. and Luick, J. R., Plasticity and constraints in the lac-
tational strategy of reindeer and caribou. Symp. Zool. Soc. Lond., 
1984, 51, 215–232. 

12. Barten, N. L., Bowyer, R. T. and Jenkins, K. J., Habitat use by 
female caribou: tradeoffs associated with parturition. J. Wildl. 
Manage., 2001, 65, 77–92. 

13. Main, M. B., Weckerly, F. W. and Bleich, V. C., Sexual segrega-
tion in ungulates: new directions for research. J. Mammal., 1996, 
77, 449–461. 

14. Albon, S. D. and Langvatn, R., Plant phenology and the benefits 
of migration in a temperate ungulate. Oikos, 1992, 65, 502–513. 

15. Luccarini, S., Mauri, L., Ciuti, S., Lamberti, P. and Apollonio, M., 
Red deer Cervus elaphus spatial use in the Italian Alps: home 
range pattern, seasonal migrations, and effects of snow and winter 
feeding. Ethol. Ecol. Evol., 2006, 18, 127–145. 

16. Bangs, P. D., Krausman, P. R., Kunkel, K. E. and Parsons, Z. D., 
Habitat use by desert bighorn sheep during lambing. Eur. J. Wildl. 
Res., 2005, 51, 178–184. 

17. Ahmad, R., An investigation into the interactions among wild  
ungulates and livestock in the temperate forests of Kaj-i-nag,  
Manipal University, Ph D thesis. 

18. Schaller, G. B., Mountain monarchs, wild sheep and goats of the 
Himalaya, Chicago: University of Chicago Press, 1977. 

19. Lima, S. L. and Dill, L. M., Behavioural decisions made under the 
risk of predation: a risk and prospectus. Can. J. Zool., 1990, 68, 
619–640. 

20. Rachlow, J. L. and Bowyer, R. T., Habitat selection by Dall’s 
sheep Ovisdalli: maternal trade-offs. J. Zool., 1998, 245, 457–465. 

21. Apollonio, M., Ciuti, S. and Luccarini, S., Long-term influence of 
human presence on spatial sexual segregation in fallow deer  
Damadama. J. Mammal., 2005, 86, 937–946. 

22. Bagchi, S., Mishra, C. and Bhatnagar, Y. V., Conflicts between 
traditional pastoralism and conservation of Himalayan Ibex Capra 
sibirica in the Trans-Himalayan mountains. Anim. Conser., 2004, 
7, 121–128. 

23. Namgail, T., Fox, J. L. and Bhatnagar, Y. V., Habitat shift and 
time budget of the Tibetan argali Ovisammonhodgsoni: the influ-
ence of livestock grazing. Ecol. Res., 2007, 22, 25–31. 

24. Mishra, C., Van Wieren, S. E., Ketner, P., Heitkonig, I. M. A. and 
Prins, H. H. T., Competition between domestic livestock and wild 
bharal Pseudoisnayaur in the Indian Trans-Himalaya. J. Appl. 
Ecol., 2004, 41, 344–354. 

 
ACKNOWLEDGEMENTS. We thank the Rufford Foundation and 
the Whitley Fund for Nature for financial support. We thank the  
Department of Wildlife Protection, Jammu and Kashmir for permission 
and support. The local people of Babagail especially our field  
assistants Akbar, Khazar, Javed and Rasheed were helpful. R.A. thanks 
Martin Fisher and Uma Ramakrishnan for their guidance in writing, 
and Stuart Paterson and the Conservation Leadership Programme for 
allowing him to attend the workshop on scientific writing. Shankar 
Raman, Rashid Raza, Sumanta Bagchi, Tsewang Namgail, Rohit,  
Narayan, Kulbhushan, helped R.A. at various stages of analysis and 
writing. We thank Raghunath for helping with the map. 
 
Received 9 October 2015; revised accepted 5 December 2015 
 
doi: 10.18520/cs/v110/i8/1559-1564 

Alkaline phosphatase activity in  
developmental stages of Asia I and 
Asia II-1 populations of whitefly,  
Bemisia tabaci (Gennadius) 
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The whitefly, Bemisia tabaci (Aleyrodidae, Hemip-
tera), regarded as a species complex comprising over 
34 genetic groups, is a serious insect pest of several 
crops. The aim of this study was to find out the differ-
ence in alkaline phosphatase (ALP) activity between 
developmental stages of two populations of B. tabaci 
belonging to Asia II-1 and Asia I genetic groups. There 
was a rise in ALP activity from first to second instar 
followed by gradual decline through third and fourth 
instars. ALP activity reached its peak during the adult 
stages of both Asia I and Asia II-1 populations. The 
specific activity of ALP in nymphal instars of Asia II-1 
was significantly higher than that of Asia I.  
 The kinetics of ALP revealed that Asia I population 
showed significant increase in Vmax value compared to 
Asia II-1 in the second instar, fourth instar and adult 
stages, whereas the opposite is seen in the first and 
third instars. Also, the Asia I population showed sig-
nificant decrease in Km value compared to Asia II-1 in 
the first and fourth instars; the opposite was seen in 
second instar. No significant differences were obser-
ved between the Km values of the third instar and 
adult stages of both the populations. The possible  
physiological role of ALP and its implications in man-
agement of this pest are also discussed in this commu-
nication.  
 
Keywords: Alkaline phosphatase, Bemisia tabaci,  
developmental stages, genetic groups. 
 
WHITEFLY, Bemisia tabaci (Hemiptera: Aleyrodidae), 
one of the world’s top 100 invasive pests with a host 
range of well over 900 plants (http://www.issg.org/ 
database) causes serious damage directly as sap-sucking 
pest and indirectly as vector of plant pathogenic viruses. 
B. tabaci is regarded as a species complex comprising 
about 34 morphologically indistinguishable genetic 
groups1. There is a great amount of diversity of B. tabaci 
in Asia with the presence of 19 of the 34 genetic groups 
recorded so far. The Indian subcontinent represents an 
important Old World centre of diversification and evolu-
tion of B. tabaci with Asia 1 and Asia II-1 being the two 
dominant genetic groups widely distributed in India2,3.  
 Alkaline phosphatase (ALP, EC 3.1.3.1; a ubiquitous 
hydrolase enzyme present in animals, fungi and bacteria) 


