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Deodar forests between 2000-3000 m are present; Fir and Spruce forests over 3000 m and
Kharshu, Birch and Junipers forests upto the height of 4000 m are common. Above the Fir and

Spruce forest zone, alpine pastures are found between the height of 3500 m to 5000 m asl.

The study area is known to host many high value medicinal plants, Aconitum heterophyllum,
Allium stracheyi, Dactylorhiza hatagirea, Bergenia stracheyi. Taxus wallichiana, Zanthoxylum
armatum, Swertia chirayita, Cinamomum tamala, Phyllanthus emblica, Berberis asiatica are to

the name few (Rawat et al. 2004, Rawat 2005, WII 2010, Raut et al. 2010).

2.7People and culture

Population of the district is 2, 94,179 (Census 2001). In addition to local Garhwalis, Jadhs is the
tribal community lives in some areas of study area. Other transhumant community is Gujjar, who
are semi-nomadic people moves between Bhabhar belt of Dehra Dun district and to high altitude
meadows. Most of the people except tribal communities have agriculture as their main

occupation. Generally, wool based trade and rearing of sheep and goat has been traditional

occupation of Jadhs.

Gangotri and Yamunotri, being sacred places, lakhs of people come to visit these places not only

from India but from entire world. In addition to these plac

known as Bugyal (Rawat 2005), and many high altitude pas

es, high altitude meadows, locally

s are tourists’ attraction. This has

helped to increase tourism in the study area.
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3. METHODS

3.1 Field Methods

Within the study area, the recorded range for the species was sampled. The area was stratified

into three broad altitudinal zones of:

2000-2500m
2500-3000m
3000-3500m.

Sampling was done in these altitudinal r

N) and Aspect II (135°-360°N). for the study.

Table 3.1 Plots and Transects laid across elevation zones,

aspects and forest types

anges only. Aspects were classified as Aspect | (0°-135°

Elevation Class(m) Aspect Forest Types
2000-2500 | 2500-3000 3000-3500 |1 I1 I 11 111
No of 5 9 5 NA NA 4 9 6
transects
No of plots 50 93 45 91 98 NA NA NA

The objective specific methods are described

3.1.1 Objective 1. Mapping species dist

GPS locations were recorded from all

other, the distance from reference tree
were used to mo

on, These presence only locations
son 2005).

entropy method (Charniak and John

below.

15

ribution and predictive modeling
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and bearing was also taken to help calculate locations later

del species distribution using maximum




3.1.2 Objective 2: To compare the population structure of the species across different habitat

types.

Transects were laid (Anderson et al. 1979, Stohlgren et al. 1995) in each of the altitudinal
categories. Within the transects, adaptive sampling was carried out. Wherever individuals are

observed, the parameters given below were recorded.

Forest type (Champion and Seth 1968): The forest type was categorized by looking at the
associate species as well as the altitudinal range. Depending on that, each patch was put into one
of the three categories i.e. Lower Western Himalayan Temperate Forest or Warm Temperate
Forest, WTF(<2500m); Upper Western Himalayan Temperate Forest or Cool Temperate Forest,
CTF(2500m-3000m); and West Himalayan sub alpine birch/fir Forest or Sub Alpine Forest,

SAF(3000m-3500m).

Canopy: closure: Using a spherical densiometer, four sets of observation from each patch were

taken and later averaged out.

No. of individuals: The number of individuals encountered in each patch was recorded. For

larger patches, with over 800-1000 trees, this was not possible.

Height of individuals: Using a Christens Hypsometer, the height of every individual encountered

was recorded.

Girth: The girth measurements Were taken using a measuring tape.

Soil moisture and pH: the pH and moisture was measured using a Kelway Soil Tester. The

Kelway tester operates on the principle of ele
serted into moist soil the HB-2 re
(% saturat ion) when t

ctrical potential between two dissimilar metal

plates. When in gisters degree of acidity on the upper scale. The

lower scale shows degree of moisture he switch button is held depressed.

Aspect: Aspect was recorded using a cOmpass.
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Sex: The sex of individual plants was arrived at by the presence of reproductive structures. At
first this was difficult, as the season for fruiting and seeding was already up, but with time the
individuals became easier to sex as remnants of the fruit were often found on the female tree. For
the males, the cones appear in February but green reproductive structures appear by the
beginning of January in clusters. For some of the individuals, it was hard to determine the sex

and they were recorded as unidentified.

Presence of saplings or seedlings, altitude and associates. The GPS location of each individual

observed was recorded. For individuals too close to each other, the distance and bearing to the

next individual was noted.
Disturbance factors (lopping, fire, grazing,) were also recorded (Appendix IV).

3.1.3 Objective 3: To study micro site preferences and associates of the species.

To meet this objective, the same transects were used but 5m circular plots were laid on either

sides at every 100m. The parameters taken into account were:

Aspect, measured using a compass; slope, with the help of a clinometer; canopy cover, using a

densioﬁeter; altitude, soil temperature, soil moisture and soil pH, with a Kelway soil tester, slope

(measured using a clinometers), .immediate neighbors, distance from immediate neighbours

(Cottam et al. 1953), other associates and leaf litter depth. The GPS locations were also be

recorded for each individual encountered.

3.2 Analytical Methods

Analysis was done mainly using Microsoft Excel for data entry, SPSS and R software for

models and creating a dendrogram. The parameter settings developed in this study were

running

used

3.2.1 Objective 1

odels that can be used to predict distributions in a larger landscape was done using

ased on maximum-entropy ap

Creating m

M ¢ software. This is b proach for species habitat modeling. A
axent software. .
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The final model which took into account, the effect of slope, aspect, and temperature and litter
depth gave the best fit and the lowest AIC value.(other models which were tried out have been
mentioned in Appendix II). This was the most parsimonious model. Although temperature and
aspect as factors alone did not significantly affect the number of Taxus found in an area, their
interaction played a significant role. Slope and litter depth also significantly affect the number of
Taxus present on any site. Therefore, it was found that any one variable did not exercise
complete control over the number of Taxus present in an area. It is a complex of factors which
include degree of slope, which is positively correlated; litter depth, which again is positively
correlated, and negatively correlated with the interaction of temperature and aspect 2(south
eastern to north western aspects). So, microhabitats with steeper slopes, greater litter depth and
preferably not on the warmer aspects are the places that the species would prefer to occupy. It
should be noted that the main associates of Taxus, Abies pindrow and Picea smithiana are
conifers whose needle leaves do not decompose easily. This affords a lot of leaf litter on the

ground. Moreover, they are located on slopes which can be steep to gentle.

4.3.2 What are the associate species of Taxus?

The main aim kept in mind for this objective was to find out the most likely neighbours of Taxus
given any particular forest type. Taxus is known to occur in three main forest types in Uttarkashi.
But, the kind of preferences that it makes with regards to its immediate neighbours is not known.
Within each of the forest types in which Taxus is known to occur, there are certain species along
with which, the probability of finding a Taxus individual increases. As indicated in the
dendrogram below, the chances of finding Abies pindrow and a Taxus together is much higher
than finding two Taxus individuals together themselves. Similarly, Quercus semecarpifolia or

Kharsu is more likely to be associated with Taxus in any given patch rather than another

individual of Taxus. So, in the West Himalayan sub alpine birch/fir forest type, Taxus

be expected in close proximity to Fir individuals. In Upper Western

individuals would
ercus semecarpifolia, Spruce and Moru( 9 floribunda), are

Himalayan Temperate forests, Fir, Qu

its most likely neighbours. It has also been observ
saplings tend to establish better with one of the above species as associates. Pure

ed that in terms of regeneration, Taxus

seedlings and
Taxus patches were encountered with the absence of any overhead canopy. The canopy species
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5. Discussion

5.1.1 Predicting potential distribution of Taxus in Uttarkashi

The predictive distribution model obtained for Taxus presence shows interesting patterns as the
probabil'ity of Taxus individuals seems to be highest near the two main river courses running
through the area. Taxus has been described as a riverine species by(Cusick 1986, Collins and
Montgomery 2001). Modelling for Taxus presence has been done by Bahera in 2000 and more
recently by Saqib in 2006. Whereas Bahera’s work is more Clementsian in approach, he has used
models which simulate species as community assemblages, the present study is more Gleasonian
in nature. Here, the model simulates species individually. As discussed by (Huntley et al. 1995,
Birks 1996),modelling species is closer to reality as compared to modelling communities as
communities are unlikely to respond as one under changing climatic conditions. The map
produced gives sufficient insight into the potential Taxus habitats. Ground truthing or

verification will actually tell us about the predictive capabilities of this model.
5.1.2 Population structure across habitat types of Taxus wallichiana

The age class across habitat (forest) types of Taxus varies significantly. Older forests are present

in the sub alpine regions in associations with Fir, Spruce. Populations of Taxus in sub alpine

forests Were found to be in a declining state as it reached the climax (Watt 1926). As a species

which lasts through several successional stages, Taxus forms a variety of associations. Some of

these are linked to the earlier life stages, while others to later. Associations with Fir and Spruce

in the sub alpine regions are an example of one of its later associations. Watt in 1926 observed

that yew populations tended to stagnate and decline after they reached maturity. Moreover,

regeneration of yew populations declined as yew woodlands developed. This phenomenon could

explain the absence of lower girth classes in the sub alpine birch/ fir forest. Younger yew

populations which have not totally dominated the scrublands show an increasing trend in

populations.

ording to habitat type also varies significantly. The population was also seen to

The sex ratio acc
orted by (Allison 1990, Svenning and Magard 1999, Ga

be female biased as rep

rcia et al. 2000,
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Hilfiker et al. 2004) Whether the bias is perpetuated by environmental factors or is an inherent

quality is a question which is yet unanswered.

Disturbances have a significant effect on age structure of populations irrespective of forest types.
However, presence of lower age classes on disturbed sites and even distribution of age classes in
areas of intermediate disturbances reveal that restocking programmes on disturbed sites can be

met with some degree of success.
5.1.3 Microhabitat preferences and associates of Taxus wallichiana

Microhabitat of Taxus is chiefly governed by terrain and topographic factors like slope, litter
depth. Aspect and temperature together have a significant effect on the presence and abundance
of Taxus. A requirement of a complex set of microhabitat factors is another hurdle the species

has to grapple with. Suitable microhabitats seem to be the limiting factor for the establishment of

new yew populations as observed by(Hulme 1996).
5.2 Questions and Conservation and Management Implications

Is the Himalayan Yew fated to stagnate and decline like its sister species? Can the introduction

of Yew to suitable marginal shrub lands see recolonisation of the species?

Artificial regeneration has not yet been successful for the species. The requirement of the species
is often judged by the requirements of already established adults. Are the requirements of a
sapling different from those of the adult? And given that the nearest neighbours of Taxus are

Abies pindrow and Quercus semecarpifolia would artificial regeneration stand a better chance

under these associates rather than the mother tree?

Other interesting aspects are, do male and female individuals differ in their habitat selection?

What is the cause for the bias in sex ratio is towards females? Are females less choosy about
9 What are the main factors for poor regeneration? Is it non availability of suitable

their habitats
inability of the male and female to flower synchronously

habitats, pressures from grazing,

(heterocarpy), lack of dispersing agents, a
ations under the mother plant? These questions need to

nd lack of adequate perch sites or alleleopathic

: be further investigated to get a
associ

better understanding of the specics.
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Model selection for testing for microhabitat preferences

Appendix II

Model name Model definition df AIC

mo No--Elev+SIp+C.Asp+Temp+pH+Ld+Can 9 446.77
ml No~Elev 3 491.8972
mod2 No~Slp 3 486.9333
mod3 No~Temp 3 481.208
mod4 No~pH 3 490.533
mod5 No~Ld 3 479.6237
mod6 No~Can 3 495.6121
mod7 No~Can*Slp 5 487.9647
mod8 No~pH*Temp 5 481.6011
mod9 No~Slp*Ld 3 472.6047
mod10 No~Slp*Temp 5 468.7494
modl | No~pH*Ld 5 479.7801
modl2 No~pH*Elev 5 491.331
mod13 No~Can*Elev 5 495.2554
mod14 No~C.Asp*Temp 5 458.3081
modl15 No~C.Asp*Ld 5 459.3243
modl6 No~C.Asp*Temp+Elev 6 460.2809
mod 17 No C.Asp*Temp+Slp 6 1508812
mod18 No~C.Asp*Temp+Can 6 459.6701
mod19 No~C.Asp*Temp+Slp+Can 7 451.4983
mod20 No~C.Asp*Temp+Elev*Can 8 463.1865
mod21 No~C.Asp*Elev 5 463.1516
mod22 No~C.Asp*Slp 5 460.0214
mod23 No~C.Asp*pH 5 467.4325
mod24 No~C.Asp*Temp+pH 6 460.1402
mod25 No~C.Asp*Ld 5 459.3243
mod26 No~C.Asp*Temp+pH 6 460.1402
- NoC.Asp*pH+Temp 6 460.6708
— NoC Asp*Temp 5 4583081
mod29 No~C.Asp*Can+Ld 6 460.1101
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mo No~Elev+Slp+C.Asp+Temp+pH+Ld+Can

Deviance Residuals:

Min 1Q Median 3Q Max

-1.8209 -0.8687 -0.6196 0.145 2.271

Coefficients:

Estimate Std. Error z value Pr(>|z])
(Intercept) 0.5956965 6.4247344 0.093 0.92613
Elev -0.0002153 0.0003946 -0.546 0.58533
Slp 0.0248314 0.0076297 3.255 0.00114 | **
C.Asp2 -1.1591655 0.2656819 -4.363 1.28E-05 | ***
Temp -0.1444219 0.0470911 -3.067 0.00216 | **
pH -0.1470601 0.9052267 -0.162 0.87095
Ld 0.0748287 0.0229908 3.255 0.00114 | **
Can -0.00996 0.0058255 -1.71 0.08732
modl7 No~C.Asp*Temp+Slp df=6 AIC=450.8812

Cocfficients:
Estimate Std. Error z value Pr(>|z])

(Intercept) -0.478922 0.341423 -1.403 0.1607
C.Asp2 -1.379346 0.260639 -5.292 1.21E-07 *xok
Temp ‘ -0.068435 0.057349 -1.193 0.23275
Slp 0.025108 0.007932 3.165 0.00155 *k
C.Asp2:Temp -0.14939 0.096277 -1.552 0.12074
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Appendix III

Bio- climatic variables (bioclim) for predictive distribution modeling using maxent

BIO1 Annual Mean Temperature

BIO2 Mean Diurnal Range (Mean of monthly (max temp - min temp)
BIO3 Isothermality (BIO2/BIO7) (* 100)

BI04 Temperature Seasonality (standard deviation *100)
BIOS Max Temperature of Warmest Month

BIOG6 Min Temperature of Coldest Month

BIO7 Temperature Annual Range (BIO5-BIO6)

BIOS Mean Temperature of Wettest Quarter

BIO9 Mean Temperature of Driest Quarter
BIO10 Mean Temperature of Warmest Quarter
BIO11 Mean Temperature of Coldest Quarter
BIO12 Annual Precipitation
BIO13 Precipitation of Wettest Month
B1014 Precipitation of Driest Month

BIO15 Precipitation Seasonality (Coefficient of Variation)
BIO16 Precipitation of Wettest Quarter

Bi017 Precipitation of Driest Quarter

BIO18 Precipitation of Warmest Quarter

BIO19 Precipitation of Coldest Quarter
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1 | Pinus wallichiana 23 | Berberis spp

2 | Skimmia laureola 24 | Pyrus lanata

3 | Taxus wallichiana 25 | Rosa sericea

Thalmocalamus

4 | Adiantum spp 26 | spathifiola

5 | Abies pindrow 27 | Buxus sempervirens
6 | Picea smithiana 28 | Daphne cannabina
7 | Cedrus deodara 29 | Danthonia spp

8 | Juglans regia 30 | Lyonia ovalifolia

9 | Viburnum spp 31 | Aesculus indica
10 | Sorbus foliosa 32 | Viburnum spp
11 | Cotoneaster acuminata 33 | Fraxinus micrantha
12 | llex dipyrena 34 | Pinus roxburghii
13 | Indigofera gerardiana 35 | Alnus nitida

14 | Sarcococa pruniformis 36 | Ancillia spp
15 | Quercus semecarpifolia 37 | Rosa moschata

16 | Quercus dilatata 38 | Betula ufilis

17 | Quercus leucotrichophora 39 | Betula alnoides

18 | Prunus padus 40 | Acer acuminatum
19 | Acer caesium 41 | Fragaria spp

20 | Rhododendron campanulatum 42 | Primula spp

21 | Rhododendron arboreum 43 | Pteridium spp

22 | prinsepia utilis 44 | Rubus spp

73 : Berberis Spp 45 | Piptanthes nepalensis
24 | Pyrus lanata 4f | Taxus wallichiana
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