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to wildlife habitat ls minimised and the fodd_er-needs of the Gujjars buffaloes are met. Developing an
understanding of the food habits of the buffaloes and their dependence on fodder trees over the lopping
season would be a useful input to the fonnulation of such a policy. In the present study 1 attempt to
provide this input.

Studies in wildlife ecology conducted in'Rajaji have been on habitat preferences of ungulates,

avian community structure, food selection in prrmates andl the habitat loss faced E{, .elephants (Bhatnagar

1991, KarGupta 1991, Rai 1991, Bhat 1993). Bhatnagar (1991), studying habitat preferenc;L of sambar_
(Cervus unicolor), found that sambar abundances did not differ significantly in lopped and unlopped
areas. Kar-Gupta (1991), while trying to 1dent1fy nutritional factors responsible for the selection of food
species by common langurs (Presbytis entellus) found percent time spent feedmg on a species in winter
was correlated with the Crude Protein and Acrd Detergent Fibre content of that specres

@hpsmgh anclAJAolshna_ ilx‘;\tl:)m a paper descrrbmg the problems facing the park, cite discrepancies

between the administrative and ecological boundanes of the elephant populations, the loss of continuity

in elephant habitat due to development actwrtles along the river Ganges and mcreasmg brotlc pressures

e e et R
as the major problems facing the park. The Gu_Uars and elephants compete for fodder resources and

water. They recommend strengthening the elephant eomdors, rehabilitation of the Guijjars outside the

park while ensuring that they get a fair deal; and reducing biotic pressures form outside as measures

to alleviate these problems. , _
Sociological studies on the Guuars have also been done( (e g. Gooch 199l)lz7which describe their
pastoralist way of life, the pressures faced in terms of resource degradatron‘ the increasing populatron
adapting to the fast degrading system The explortatlon that the Guijjars face at the hands of
unscrupulous outsiders is also discussed. -
A detailed assessment of the type and intensity of the dependency of the nearby communities
on the resources of the Park in different areas and the distribution of grazing and firewood collecting

pressure was undertaken and, It was found that all except 5 of the 37 blocks of the western part of the

park were subject to grazing by Gujjar buffaloes (Berkmuller et al /1987)
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2. STUDY AREA

2.1. General

The Rajaji National Park (Fig. 2) covers an area of 824 sq km in the Dehradun, Hardwar, and
Pauri Garhwal districts of Uttar Pradesh. The sanctuaries of Rajaji, Motichur, and Chilla along with
some reserve forest areas are included in the area of fhe proposed park! It is a wildlife habitat of
conservation significance in the fragile Shivalik .ecosystem because of its location at the meeting point
of the Hlmalayan foothills and the begmmng of the Indo-Gangetlc plain. It contains the flora and fauna
of both these biogeographic regions (Rodgers and Panwar 1988). The study was undertaken in
Dholkhand range (78°E and 30°N) in the southwestern part of the parl&_EhoTk:an;i range supports some
of the highest densities of ungulates in Rajaji Nat_jonal Pa{/y It is also utilised by some Gujjar families
for their fodder requirements. Parts of Dholkhand.have beén closed to lopping by thg park management.
Comparisons between lopped and unlopped areas in close proximity and with similar vegetation
cémposition could thus be made. Three forest blocks were selected in Dholkhand range. Selection of
~ these blocks was governed by considérations 6f logistics. It was necessary to get back to base camp by
nightfall because of the presence of e‘l.ephants‘ One site each in Ganjarban _ forest_block (1172 ha),
[:akka:kot forest block (1507 ha) and the Shikaribada area of Dholkhand forest block (1479 ha),
henceforth called Shikaribada block, all of Dholkhand forest range (15466 ha) in the southwestern part
of the park were chosen for the present study. ;Fhe sites in gG;anjaxP@ and Lakkarkot were those areas
which were lopped by the Gujjars being studiéd, called khols. Ganjarban was lopped heavily and mainly
in winter while Lakkarkot was lopped moderately and only in spring. The site in Shikaribada was
chosen because lopping was legally not allowed there and in practice was negligible. The vegetation

was of the site was similar to that of Lakkarkot the two sites being separated by a narrow metalled

road, and it was used as a control area.



2.2. Climate

The area has a continental monsoon climate. There are three distinct seasons, according to
Rodgers (1990): the monsoon or rainy season (July to September), the post monsoon winter (November
to February) and the summer (April to June). October and March are transitional months. However,
for the purpose of describing changes‘ in patterns of l;)pping [ felt that it would be more meaningful to

divide the study period into winter (N_ovémber.-fo February) and spring (March and April).

2.3. Fauna

The Rajaji-Corbett conservation' unit is.home to the largest population of elephants (Elephas
maximus) in the north-western part of India. épécies' fdund in Rajaji include the tiéer (Panthera tigris),
leopard (Panthera pardus), Himalayan yellow fhroa'ted marten (Martes flavigula), goral (Nemorhaedus
goral), sambar (Cervus unicolor), chital (Cervu;v axis), and barking deer (Muntiacus muntjac). Three

hundred and twelve species of birds have been rcported for the park (Pandey et al..1994).

2.4. Vegetation

Champion and Seth (1968) have classified the forests of the area as Moist Deciduous Sal forest

of type 3C/C2. The vegetation that characterised my study site (Table 1) was as follows (all species

names follow Kanjilal (1979)):

Ganjarban: The area used by the Gujjars in Ganjarban comprises mostly of mixed plantations of Albizzia
procera, Ailanthus excelsa, Acacia catechu, Anogeissus latifolia, Bridelia retusa, Dalbergia sissoo,

Kydia calycina, Stereospermum suaveolens, Miliu.éa velutina and Zizyphus xylopyrus. The original Sal

forests of type 3C/C2b(i) are also found. The understorey in both the Sal and the mixed plantations

comprised of nat\'xrally regenerated Mallotus phillipensis, Ehretia laevis, Cassia fistula, Holarrhena

antidysenterica and Zizyphus mauritania. Some plantations of pure Tectona grandis exist. Climbers were

represented by Milletia extensa and Zizyphus oenoplia. Terminalia tomentosa, Adina cordifolia, Ficus






individuals of Adi il ‘
Adina cordifolia, Stereospermum suaveolens and Ougeinia ougeinensis were scattered in

the Sal forest. Terminalia tomentosa Was seen along the banks of the dry bouldery river beds called

raus, characteristic of the bhabar regions. The hilly regions of Shikaribada had forests of Buchanania

lanzan, Anogeissus latifolia, Ougeinia ougeinensis, Pinus roxburghii, and scattered individuals of

Bauhinia vaahli.

2.5. The Gujjars

The Gujjars live in deras, small hamlets with houses of mud and grass. The buffaloes are kept
in an enclosure near the houses. Each .Gujjar.family has been allotted an area of forest, a khol, by the
Forest Department to lop in. Loppiné is usua.l'ly doﬁe twice a day by the men. The buffaloes eat the
lopped fodder in the ,férest itself. The worﬁeﬁ lop a few trees from near the dera énd bring back loads
of leaves to feed to the calves. The main lopping season was supposed to be from October to March,
after which the Guijjars traditionally migrated to the hills. With the denial of access to the summer

grazing grounds, some families have become permanent residents in the Park.
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3. METHODS

3.1. Selection of Gujjar families

The lopping patterns of three Gujjar families of the eight resident in Dholkhand at that time
were studied in winter and all the. five present in spring. Families were selected such that they lopped
in similar adjacent areas which had similar vege;tation types. Proximity to the base camp also played

a major role in the selection of Gujjar families.

3.2. Estimating utilisation of fodder tree species

Sampling was done of randbi'n_ly selected lopping sessions for each family. Ninety lopping
sessions in the stuc'iy period were sanipled. The speéies of each individual tree lopped in the sampled
session, its girth at breast height (gbh), at 13 m, ané any damage already present was noted. The
intensity of lopping as a percentage in 25% int;erval classes was also noted during the early part of the
study but given up later as almost all inciividual trées were lopped c;,ompletely. In addition, opportunistic
data gathering on the lopping sessions of other families further away from base camp was done. The
migration of some Guijjar families in March resulted in an inability to make continuous observations

on the same families over the two seasons.

3.3. Estimating availability of fodder tree species

Thirty random transects of approximately 1 km length were laid, 10 each in Ganjarban,

Lakkarkot and Shikaribada at the end of the study in April. At every 100 m length concentric circular
plots of 10, 5 and | m radius were used for gathering data on availability of fodder trees, and on weeds

and seedlings respectively. A total of 300 plois were thus laid. Species of lopped trees were counted

if they were more than 15 cm in girth. This ‘wﬁs'bome out by observations of the Gujjars who did lop

species even of this small girth during the month of March. Availabilities were estimated for each

season usihg this data. [ analysed availability of fodder tree resources after ascertaining exactly what

the Guijjars considered to be available for their buffaloes. Species such as Tectona grandis, Mallotus
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phillipensis, Cassia fistula and Holarrhena antidysenterica are abundantly present but not lopped. They
are thus not included in the estimation of availab_ility. Species were also considered unavailable after
they had shed their leaves in spring. The phenology data collected from a contrlol unlopped site could
not be extrapolated to the area in which the Gujjars lopped. Moreover loppable trees were lopped
regardless of phenophase, unless leaves were cémpletely absent. I therefore assumed that‘ a species
became unavailable from the month it stopped .being lopped. A species could become unavailable
because it had shed its leaves. Other species were simply lopped out before the end of winter. Most
species were lopped out in Ganjarban at the énd,of winter ( notable exceptions being Miliusa and
Milletia). 1 removed species from the dataset used to calculate availability from the month in which it
stopped being lopped. The method [ have used takes care of all these different kinds of
’unavailabilities’.

However, infrequently occurring species like Brid_elia retusa and Garuga pinnata did not turn up in my

availability sampling at all and therefore could not be analysed for preferences. This was the main

disadvantage in using random transects.

3.4. Estimation of intensity of lopping and elephant damage
The vegetation transects were also used to estimate the intensity of lopping in terms of trees

lopped per hectare and the elephant damage to the trees in each block. Pushed trees, either dead or

alive, broken stems and branches, and debarkihg was taken as elephant damage.

3.5. Feeding trials to estimate preference by buffaloes

Feeding trials were conducted in which similar amounts of fodder tree leaves of 7 species Viz.

Stereospermum suaveolens, Terminalia belerica, Zizyphus xylopyrus, Miliusa velutina, Milletia extensa,

Litsea glutinosa and Bridelia retusa were fed to an adult female buffalo after weighing them. Selection

of species was done such after consultations with the Gujjars. All the lopped species could not be tested

because due to logistical reasons. Care was taken to ensure that fodder in excess of the buffalo’s

requirement (as approximated by the owner) was available of each species. The buffalo was allowed

- 12



to feed ad libit Lt ‘o
um fqr twelve hours at night. This time was similar to that spent by the animal in the

forest each night. The trial was replicated six times using different buffaloes each time.

3-.6' Assessing the regeneration of fodder tree species and presence of weeds

The random transects laid for estimating the availability of fodder tree species were also used
for assessing the extent of regeneration of seédliﬁgs in‘the three forest blocks. All the seedlings found
in a circular plot of | m radius were enumeraied. ‘The extent of weed cover was estimated ocularly as

a percentage in a circular plot of 5 m radius.: ‘

3.7. Chemical analysis and secondary data..for nutritive values ozf fodder tree leaves

Crude protein content for sal ﬂbwefs was éstimated by the Kjeldahl method. Nutritive values
were obtained from secondary data (Puri 1954) .for all the other species. Puri analysed 9 to 10 samples
of mature leaves collected in OctoberfNovember',from the forests of Asarori, Lacphiwala and Kansrao.

The proximity of these areas to my study éité means that I could reasonably use this data. Chemical

analysis of the leaves could not be done due to paucity of time.
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4. ANALYSIS OF DATA

Analysi . '
ysis of data was done using Foxbase, Lotus, and SPSS. %2 values and Bonferroni z-

statistics were calculated using the program PREFER (Prasad and Nath undated). The significance level

was set at 0.05.

4.1. Construction of a Preference index
The Petrides (1975) method was used in calculating a simple index of preference. The formula

used in obtaining values for preference of major utilised fodder tree species is as follows:

prop of species; utilised
i~ prop of spec1es avallable

The availability and utilisation of three deras was used to calculate mean preference for the
major fodder species. All individuals of species lopped in a season were deemed available for that
season. I collected phenology data in an unlopped area, but did not incorporate it into availability
calculations for two reasons. One was that the Guuars lopped in a blg area and my unlopped control
trees (in Dholkhand) did not accurately reflect the. phenological status of the individuals that were
present in Gujjar lopped areas. The other was-that while in spring many species lost their leaves and
were thus not available for lopping, ‘some speéles were not available for what I call cultural reasons.
For example Bombax ceiba was not lopped in spring as the leaves were considered to be hot while -
osperma Was unavailable because only new leaves were considered palatable for the

Butea mon

buffaloes.

A species is said to be preferred if the preference index has a value of more than 1. Values less

than one mean that the species is not preferred and a value of 1 indicates neither preference nor

avoidance.

Confidence intervals were constructed on this preference using the formula suggested by Hobbs

(1982). The formula used in calculation of the confidence limits was as follows:
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where:

x = mean percentage of the species; across observed diets

y = mean percentage of frequency of the species; in replicate study plots
S, = standard deviation of percentages ﬁsed to calculate x

S. = standard deviation of percentagés used to calculate y

n. = number of independent replicateé of diet compositions

number of study plots

=]
Il

y

[f the confidence interval does not overlap 1, then the species can be said to be significantly preferred

or avoided.

4.2. Lopping ratio

The Lopping ratio is a proportional measure of the utilisation of a species when compared with

that of all the fodder species combined. It was calculated for each month in the duration of the study

as also for the two seasons. Values were calculated using pooled data from all the deras.
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Lopping ratio of SpeCiesi - frequency utilisation of species;
Z frequency utilisation of all speci.

4.3. Correlation of nutritive values, preference index and lopping ratio
The prefe i : :
preference index of major fodder species as well as their lopping ratio, were correlated with
ir nit L e | _
their nitrogen content, crude fibre, calcium, and ash content to see whether preferences and utilisation

were explained by chemical composition.

4.4. Preference significance for feeding trials
Analysis of the feeding trials was done using by the computer package *Prefer’. The method
suggested by Neu et al. (1974) is used in this. A y? test was done on differences in amounts of fodder

caten and confidence intervals using the Bonferroni z- statistic were constructed.

4.5. Differences in the intensity of lopping and elephant damage
Lopping intensity was defined as number of trees lopped per hectare and a Kruskal-Wallis one
way ANOVA test was done to see whether the lopping intensities of the three blocks differed. A

similar test was done for differences in elephant damage densities.

4.6. Similarity between buffalo and elephant diets

The similarity in diet between the domestic buffaloes and elephants was estimated using a

Sgrensons index of similarity, S,. (Kent and Coker 1992)

The formula used to calculate this was as follows:

“ 24
™ 2a+b+c

where

a = number of species common to both elephant and buffalo diets
b = number of species eaten by buffalo

.16



c= number of species eaten by elephant

This gives a measure of th ; '
e extent of diet overlap between the two animals. A coefficient of 0 indicates

absolute dissimilarity and 1 indicates absolute similarity.

4.7. Differences in regeneration and weed cover

I considered only the occurrence of a séedling species in a circular plot of 1 m radius for
analysis. A ¥ contingency table was co_nstructed to analyse differences in regenerating species between
the two blocks, Lakkarkot and Shike_lribada. quder species were pooled togetl.me‘r as were nonfodder
species because of low sample size. Differences in weed cover could not be analysed because of low

occurrences.
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5. RESULTS

5.1. Utilisation of Fodder tree species

Eleven species of trees were desigr’iétéd im'p(.)rtant fodder tree species on largely subjective
criteria. An important fodder tree is thaf which makes up at least 2 percent of all species lopped in any
season. The important species are listed in Table 2 along with the proportion in which they were used
in each season. It can be seen that in winter M 'velu'tina was the most lopped species, compﬁsing 29
percent of the sample for that season. S. robustd is aimost. never used in winter, a mere 0.4 percent of
the number of total individuals lopped. In ‘Sp‘ri'ng on the other hand, S. robusta is the single largest
contributor to the focl:lder needs of the b.uﬂ'aloes...-Seveﬁty two percent of all individuals lopped in spring
were sal. Only four other species were used,".M.. velz;tina being the important one among these. The
percentage of utilisation from all major fodder trees eh;lmerated at the end of the study period (not to

be confused with availability) is given in Table 9. At the end of the season 47 % of the individuals of

all the major species combined were found lopped.

5.2. Availability of fodder tree species

Table 3 shows the proportional availabilitjty of each species of fodder tree in each season. In
winter M. velutina was abundantly available as was the climber M. extensa. Sal was proportionally most
available in both the s;easons, 52% in Qinter'and 82% in spring. Availability of other species was very
low compared to this, with Milletia at 7%. The a\)ailability and utilisation of 8 species in different gbh

classes is givén in Fig.3. For Zizyphus, Acacia and Miliusa, utilisation was proportionally less than

availability in'the lowest gbh class.
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Ganjarban (Table 8). Mallot illi ;
us phillipensis. and Dalbergia sissoo were the most affected with 25 and

21 damaged trees per hectare.

5.8. Similarity between buffalo and elephant diets .

In the stud .
udy area 22 species were seen to be used by elephants, and 34 to be used by the
b )
domestic buffaloes. 18 species were used by both. The Seresons index calculated for the overlap

between buffalo and elephant diets indicated a 39% similarity.

5.9. Regeneration of tree species

As can be seen graphically (Fig 4), 16 % of the 90 plots had occurrence of buffalo utilised
fodder species and 50 % of nonfodder species in Génjarban, the most heavily used of the three blocks
(lopping intensity 57.9, SE 6.1 trees per ha). There are significant differences between regeneration of
buffalo utilised trees and tho.se not lopped in Lakkarkot and Shikaribada as shown by a 2 by 2 1

contingency table (x* = 5.18, df=1) . The abundance of fodder tree species seedlings (expressed as

presence of seedlings per circular plot of 1 m radius) was more in Lakkarkot, a lopped area (lopping

intensity 11.8, SE 2.6 trees per ha) than in Shikaribada, a negligibly lopped area (lopping intensity 3.1,

SE 1.4 trees per ha).

5.10. Presence of weeds in the study area

Weeds species found in the study area were Lantana camera, Adhatoda vasica, Cassia tora and

Colebrookia oppositifolia. In Ganjarban, Adhatoda vasica, an indigenous weed, was the most abundant

with an occurrence in 27% of the plots. Cassia tora and Colebrookia oppositifolia were present in 6%

of the plots. Weeds occurred in 4.4% of the plots in Lakkarkot, being mainly Cassia tora. Thirty one

percent of the plots in Shikaribada had weedy species7 mainly Adhatoda vasica.




































relevant in cases where the ani
€ animal has the opportunity and the surplus from which to choose. In the

case of the Gujjars buffaloes :
even a clearly less preferred species like sal with a preference index value

£0.047 in winter has '
8 to be consumed becagse of a shortage of fodder. Preferences exhibited in the trial

are probably not reflected in the fOTeSt.Where the Gujjars know that they will experience a scarcity by

the end of the season.

6.4. Correlation with nutritive parameters

Why could a significant correlation not be observed between nutritive parameters and either

lopping or preference?

The buffalo is an animal of the humid tropics and swamps, eating grasses, sedges, aquatic plants
as well as some bushes and trees (éinclair 1'977).‘ Free ranging animals might evolve an optimal
foraging strategy if they had an opportunity to do so over evolutionary time, in a system where tree
browse was freely available. They may then choose their fodder taking into consideration criteria of
nutritive value and availability. The buffaloes are not free ranging but get their food through the Gujjars,
they have not evolved to eat tree brc;wse and they face a shortage of fodder by the end of the lopping

season. The lowest content of nitrogen among"the species lopped was found in least preferred sal.

Preference and utilisation was compliéated by the fact that species like Shorea robusta, Acacia catechu,

Albizzia procera, Bombax ceiba, Hymenodictyon excelsum and Adina cordifolia found in the area are

legally protected from lopping. These species are therefore less utilised than would be otherwise

expected. Cultural factors may also play a role in the nonselection of a species. Cordia dichotoma,

Dalbergia sissoo and Ehretia laevis are species which are commonly utilised by villagers in Uttar

Pradesh (Singh 1982) but are not lopped by the Gujjars for feeding their buffaloes at all, even in times

of scarcity. Lagerstroemia parviflora, considered a good fodder, was negligibly lopped by the Gujjars

(0.002% lopped in winter and 0.02% in spring) inspite of being very abundantly available. The presence

s and other chemical defenses above a certain threshold may also completely

of digestive inhibitor

exclude a species from the tree lopping repertoire of the Gujjars, but this will have to be investigated.
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6.5. Regeneration of seedlings

The regeneration of buffalo utilised fodder tree seedlings in the three blocks is very low. Non
fodder species such as Mallotus, LagerstrOem?a, Cassia, Ehretia and Holarrhena ;eedlings comprised
66.5 percent of the total regeneration. The two fodder species regenerating are Miliusa and Milletia. The
former comprised 29% of all individuals lopped in winter and 11% in spring. The latter was utilised
8% and 2% respectively. The y’ coptingen’cy table test shows that there are significant difference
between regeneration of fodder and nc%nfodde;r seedlings in the blocks of Lakkarkot and Shikaribada.
There seem to be more fodder specie§ seedlings in the moderately lopped block of Lakkarkot than the
negligibly lopped block of Shikaribada. I attribute this primarily due to the presence of much higher
densities of wild ungulates in Shikaribada resulting in a higher browsing préssure on seedlings.
Ganjarban was not compared with the other bloéks because the extensive mixed pla;1tations in this block
" altered the type of the vegetation found here. s |

The regeneration of trees can be affected by various factors (Fig 5). Soil conditions may not
be ideal, competition from weeds may ;axist, grézi_ng pressure may be high and fc;rest fires may destroy
the undergrowth in summer. y\rlgixlaie fiensities a%e qﬁifc h_igh in »th)l_lfh?mAd rapgé and fires swept the
study area in summer. Fires are a regular feétufe in Lakkarkot and Shikaribada blocks (Yasin pers.
comm.). Guijjar lopping has also bee;l blamed for the lack of regeneration. Considering the above

factors, coupled with the fact that more seedlings were seen in the moderately .lopped block, there is

insufficient evidence to blame lopping for the lack of regeneration.
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6.6. Presence of weeds

Ganjarban and Shikari
aribada are more severely affected than Lakkarkot by weeds. Weeds have

correlated with th ' .
best © presence of overgrazing (Dabadghao and Shankarnarayan 1977). Forestry

i ik i . 1
practices like clear felling were practised in Ganjarban in the past, according to the-park staff. Lopping
ens the ¢ .
4lE00p anopy and can let the more vigorous weeds outcompete plants edible to wild ungulates.
More weeds are found in Shikaribada than in Lgkkarkot. The high presence of weeds in Shikaribada

is not accounted for unless lopping and/or forestry practises in the past are responsible.

6.7. Conclusion

[ found that at least 34 species of fodder trees were used by the Gujjars to feed their buffaloes
in the study area (Table 10). Most of these species were used only in winter. Sal was heavily utilised
in spring when the Gujjars faced a fodder shortage. They then supplemented lopping with free range
grazing and stall feeding of grass. They exhibited a lack of preference between most lopped species.
Nutritional factors were not found to play an impoﬁant role in species selection. Cultural factors
governed the non-utilisation of at least some ;pecies. The regeneration of presently lopped fodder

species was poor, and unless other species start being utilised, or fodder needs are met by grasses,

fodder shc/)rtages could become more severe in the future.
Meeting the fodder requirements of the Gujjars has to be done in such a way that the wildlife

values of the Park are safe guarded. The Gujjars utilise grass species, which they stall feed during the

months of March and April. They have to compete with the villagers from outside the Park for this. A

management system whereby they can obtain grass to meet a greater percentage of their fodder

requirements would help alleviate pressure on the trees. Bauhinia is utilised by the Gujjars for fodder.

Plantations of Bauhinia spp should be attempted in buffer areas on soils with good drainage, since this

species is able to withstand heavy lopping (Deb Roy et al.1980). The Guijars should also be encouraged

nd Ehretia so that the lopping pressure is distributed

to use understorey species like Lagerstroemia a

over a larger number of abundant species. There is also a need for studies to identify the long term
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